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ABSTRACT 
 
 

The demand for efficient video coding techniques has increased in the 
recent past, resulting in the evolution of various video compression techniques. SVC 
(Scalable video coding) is the recent amendment of H.264/AVC (Advanced Video 
Coding), which adds a new dimension by providing the possibility of encoding a video 
stream into a combination of different sub streams that are scalable in areas 
corresponding to spatial resolution, temporal resolution and quality. Introduction of the 
scalability aspect is an effective video coding technique in a network scenario where the 
client can decode the sub stream depending on the available bandwidth in the network. 
A graceful degradation in the video quality is expected when any of the spatial, 
temporal or the quality layer is removed. 
  Still the amount of degradation in video quality has to be measured in 
terms of Quality of Experience (QoE) from the user’s perspective. To measure the 
degradation in video quality, video streams consisting of different spatial and temporal 
layers have been extracted and efforts have been put to remove each layer starting from 
a higher dependency layer or the Enhancement layer and ending up with the lowest 
dependency layer or the Base layer. Extraction of a temporally downsampled layer had 
challenges with frame interpolation and to overcome this, temporal interpolation was 
employed. Similarly, a spatial downsampled layer has been upsampled in the spatial 
domain in order to compare with the original stream. Later, an objective video quality 
assessment has been made by comparing the extracted substream containing fewer 
layers that are downsampled both spatially and temporally with the original stream 
containing all layers. The Mean Opinion Scores (MOS) were obtained from objective 
tool named Perceptual Evaluation of Video Quality (PEVQ). The experiment is carried 
out for each layers and also for different test videos. Subjective tests were also 
performed to evaluate the user experience. The results provide recommendations to 
SVC capable router about the video quality available for each layer and hence the 
network transcoder can transmit a specific layer depending on the network conditions 
and capabilities of the decoding device.   
 
         Keywords: Video Coding, Scalability, Video Quality, and Mean Opinion Score 
(MOS). 
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1 INTRODUCTION 
 
1.1 Background 
  
 The amount of video data to be transmitted to communication channel is increasing 
rapidly in the modern era. Video coding is a technology to reduce the size of the data in an 
efficient way so that the quality is still maintained at the end user but the resource allocation 
is optimized. Video compression has evolved with the inclusion of various video coding 
technologies including Motion Pictures Expert Group (MPEG-2), H.261, H.262, and H.263 
[1]. The need for a better compression technique to meet the demands in Quality of Service 
(QoS) is essential in a heterogeneous network scenario. Tools or codecs designed to meet the 
required QoS have to adapt to the robustness of the channel used for transmitting. 
Algorithms designed for a specific codec have to face challenges with the network 
disturbances in order to achieve better video quality.  
  
 H.264/AVC (Advanced Video Coding) is the recent video coding technology that 
has been approved by ITU-T as the standard video coding standard for transmitting videos 
over satellite or cable [1]. It is used for most common video applications ranging from 
mobile services and video conferencing to IPTV, HDTV and HD video storage [2] has been 
employed recently to optimize the encoding parameters for motion compensation and also 
deliver acceptable video quality at substantially lower bit rates [3]. It exploits tradeoffs 
between the cost and quality to achieve a good compression ratio. Challenges faced in the 
area of robustness in adapting to heterogeneous clients, network conditions have not been 
addressed in the current video coding standard. The video stream once encoded has to be 
transported over the channel as a single bitstream, which exposes all the data present within 
the stream to network disturbances. Due to the lack of dynamic switching within the same 
stream, and as the randomness prevailing in the network affects the whole stream, this 
transmission could lead to a degraded video quality. H.264/SVC (Scalable Video Coding) is 
a recent enhancement of ITU-T that addresses these issues by scaling the video streams in 
spatial, temporal and quality domains [5]. The scalable video coding structure allows the 
video stream to be split into a combination of spatial, temporal, and quality layers. Hence by 
employing the scalable structure the robustness can be increased at the expense of refined 
degradation in QoS. The trade-off between the cost and the QoS is an area that grabs 
attention while switching from AVC to SVC (Scalable Video Coding). There is a necessity 
of investigating the degradation in QoS when SVC is enabled and also mapping it to the 
effect on the end user Quality of Experience (QoE). From the service provider’s point of 
view it is vital to analyze the relationship between user perception and the performance 
characteristics of the service enabled by the network [4].  
 
 Investigating the tradeoff between cost and QoS is quite evident in case of 
SVC technology. This work addresses it and the goal of this research work is to measure the 
amount of degradation in video quality while switching from the higher scalable layers to the 
lower scalable layers. To achieve this goal, a set up is employed where the video streams are 
scaled into different layers; the higher order layers are removed in a systematic way and the 
resulting videos are checked for their respective video quality. This work also gives 
recommendations on which layers to use in order to meet the desired QoE.  
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1.2 Motivation 
 
 

There have been significant works done on the  advanced video coding 
standard developed by the Motion Pictures Expert group (MPEG) [5]. The solutions 
proposed as video compression techniques for efficient utilization of resources optimize the 
usage the resources while imposing challenges within the areas such as scalability and 
robustness [5]. Most of the efforts have been towards maintaining acceptable video quality at 
lower resource consumption. 

 
   H.264/AVC encodes the bit stream into a single layer of substream known as 
the subset stream [5]. There is no scalability of the subset stream spatially, temporally or 
quality wise. The current video coding standard faces challenges in the area of adapting to 
heterogeneous network conditions. It lacks in scalability and support for constrained 
bandwidth conditions. When a video stream of sufficiently higher bit rate is transmitted over 
a channel with varying bandwidth, the video stream might not be received at the client with 
the same video quality with which it was transmitted [6]. If the capacity of transmitter is low 
then higher bitrates could also result in complete breakdowns or heavy losses and freezes. 
When the bit stream is made adaptive to the network condition by choosing an appropriate 
scalable stream with less bit rate then the network has the possibility of transmitting to the 
client with less distortion or delay. To address these issues an amendment of H.264/AVC has 
been made, known as H.264/SVC (Scalable video coding) to overcome the challenges faced 
from the current video coding standard. The subset bit streams consist of varying spatial, 
temporal and SNR (Signal to Noise Ratio) or Quality layers. Each scalable layer holds 
varying video quality in terms of spatial or temporal resolutions when compared to the other 
layers. When all the layers of the stream are collected then the video is available at the 
maximum video quality and if any one of the layers is removed then the video quality is 
degraded. This method of splitting the video stream could be an effective methodology for 
transmission of video content over unreliable networks [6]. The measure of degradation in 
video quality has to be measured in terms of quality of experience from the user’s point of 
view.  
 
   These challenges specified above motivated an investigation of impact in 
removing a scalable layer on the objective video quality and also how the users respond to 
the bit stream with varying number of layers. The motivation of this thesis is to address the 
scalability issues of video coding and to provide implications to the client about the video 
quality available for each layer while decoding the video stream. The work also aims to 
throw light on the differences between user experience and the objective measurements 
using a video quality assessment tool.  
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1.3 Objective 
 
 

The focus of the work is to investigate the behavior of scaling a video stream 
and to provide a systematic view of the scalable video coding structure. The essence of the 
work is to examine the effect of degradation in the video quality in terms of Quality of 
Experience (QoE) when one of the scalable layers after the other in the SVC stream has been 
removed. A research methodology has been adopted to accomplish this goal.  

 
 

 
1.4 Research questions 
 
The research questions to be answered are as follows. 
 
1. When a spatially or temporally downsampled bit stream is not upsampled in either spatial 
or temporal domain, what impact does it have on subjective video quality? 
 
2. When a downsampled bit stream in SNR scalability is not upsampled, what impact does a 
SNR downsampled layer have on objective video quality?  
 
3. What is the impact of removing and reconstructing a spatial, temporal downsampled layer 
on both subjective and objective video quality? 
 
4. Which scalable layers would meet the QoE demands at lower resource consumption for 
both objective and subjective ratings? 
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1.5 Research Methodology 
 

The sample test videos that are subjected to the experiment are downloaded 
from the standard test media. Scalable video coding software is built to encode the test 
videos. The test videos are encoded using the software called as Joint Scalable Video Model 
(JSVM). Necessary settings in JSVM are made to enable scalable mode. The resulting 
streams are considered as the scalable streams and are scalable in spatial and temporal 
aspects. The scalable video coding structure is analyzed and a systematic study of scalable 
stream obtained from a single video stream is done. The scalable stream is extracted using an 
extraction tool in a structural manner starting from the higher dependency layers 
(Enhancement Layers) and ending up with the lower dependency layer (Base layer). Each 
scalable stream forming a valid bit stream known as the substream, is decoded to investigate 
the impact of scaling on a single video stream. The obtained substreams that correspond to a 
specific layer have varying spatial and temporal details compared to the original stream. As 
the substreams are parts of the original stream, bit streams that are decoded faced challenges 
with spatial and temporal interpolation and are not compatible with the original encoded 
video. The amount of degradation in video quality is measured for both temporal and spatial 
downsampled videos (Research Question 1). In order to make the substreams compatible 
with the original stream in spatial and temporal domains for the purpose of objective video 
quality assessment, spatial and temporal interpolations have been employed. Necessary tools 
like FFMPEG and Matlab have been used to achieve spatial and temporal interpolations.  

 
To measure the amount of degradation in video quality when the layers are 

removed from a scalable stream, objective and subjective video quality assessments are been 
employed. To measure the objective video quality PEVQ (Perceptual Evaluation of Video 
Quality) is employed. The reconstructed substreams that contain few layers are compared 
with the original stream containing all the layers. To make the subjective video quality 
assessments two test criteria are considered; in the first scenario the temporal and spatial 
downsampled streams that are not interpolated are displayed to users. The second scenario 
includes streams that are upsampled both spatially and temporally. The MOS for different 
scalable layers and for different test videos are plotted, which illustrates the effect of 
removing and interpolating the spatial or temporal downsampled layer (Research Question 
2). An objective VQA (video quality assessment) is done with emphasis on quality 
scalability. VQA when a quality layer is removed is done using PEVQ tool (Research 
Question 3). An analysis of subjective and objective tests has been provided with 
recommendations on the layers that achieve acceptable QoS (Research questions 4). The 
block diagram for the research methodology is given in Figure 1.1 below. 
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Fig. 1.1 Block diagram of research methodology. 

 
 
1.6 Reader’s guide 
  
 The document is structured in six chapters, starting with introduction that 
gives an overview of the thesis. Chapter 1 gives background of the current work; the next 
subsection gives insight into the motivation for choosing the specific area, the challenges 
faced in the current video coding standards and the research gap observed in the past 
research works. The next subsection gives insights into the research questions that are 
formulated in the thesis and are answered later at the end of the thesis. The chapter 
concludes with the research methodology that is employed to accomplish the objectives 
that are stated before the research questions.   

 
 Chapter 2 discusses the basic concepts of scalability and the types of 

scalability supported by SVC in a structural point of view. The technical details concerned 
to every aspect of scalability are provided with information of switching from SVC from 
AVC. The influence of implementing scalability in the real world is also illustrated in this 
chapter.  
 

Chapter 3 discusses about the techniques employed to achieve our goal and 
forms the essence in explaining the technical methods used. A brief description of tools 
employed is also given. It furthermore illustrates the procedures adapted to solve the 
problems encountered in the thesis work.  

 
Chapter 4 gives an insight into the results obtained after the experiment that 

gives a graphical representation of answers to the questions posed at the beginning of the 
report. Results include both the subjective and objective tests performed to evaluate video 
quality degradations. 

 
 Chapter 5 comments on the results obtained with description on the graphs 

and user opinions. Necessary interpretations have been made to describe the behavior of 
scaling on QoE. 

 
Test video 

SVC Encoder 
      (JSVM) 

Scalable 
stream 

Bitstream 
extraction 

Layer 
reduction 

Decoding 
 

Video quality 
tests 

Spatial/temporal 
interpolation 
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The final chapter concludes the thesis with a brief summary of the work 

done, and the achievements of the research work. An outlook on the future aspects related 
to current work is provided. The last section concludes the thesis with explicit answers to 
the research questions in chapter 1.  
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2      TECHNICAL BACKGROUNDS 
 
2.1 Introduction to SVC 
 

The deployment of H.264/AVC standard has brought about many 
improvements in the area of video transmission technology. H.264/SVC is the recent 
enhancement of H.264/AVC standard, which has been standardized by ITU-T [5]. It has 
emerged to address the challenges faced by the current video coding standards and also to 
adapt heterogeneous clients. It is intended to provide video transmission to the receiving 
devices with varying capabilities by transmitting a single scalable video stream [8]. The 
concept of single layer transmission is challenging for varying clients due to the necessity 
of transcoder to adapt to various clients, whereas SVC enables transmission for 
heterogeneous clients [7]. SVC provides smooth degradation of video quality while 
transmitting over an unreliable network [5] and also robustness against varying network 
conditions. The computational complexity of the SVC encoder is increased as compared to 
SVC to achieve the above-mentioned objectives [9]. It provides a network adaptive 
transmission mechanism depending on the network conditions. One of the key 
functionalities includes its accessibility to be written to AVC compatible format [10]. The 
areas where the video coding technology can be applied vary from video broadcasting, 
video telephony, internet streaming, TV broadcasting, HD video sharing etc.  
     

The structure of SVC is composed of the Base Layer and the Enhancement 
Layer. The Base Layer holds the minimum video quality and the Enhancement Layer holds 
video quality that increases with the number of scalable layers. As the architecture of SVC 
is an extension of AVC, it maintains a similar structure or composition but with few 
additional features. It is composed of two structures known as the Network Abstract Layer 
(NAL) and the Video Coding Layer (VCL). VCL is regarded as an interface between the 
encoder and the pictures or frames whereas the NAL is considered to be an interface to the 
encoder and the network protocol used for transporting the video stream in the network 
[11]. When the proposals were asked by the motion pictures expert group (MPEG) for a 
scalable video coding technology, SVC came into contention. Twelve out of fourteen 
proposals were based on the 3D wavelet transform and the rest as the extensions of 
H.264/AVC [12] that used Discrete Cosine Transform (DCT) for coding the video 
sequence. The pictures are divided into macroblocks, which is the same method followed 
in H.264/AVC. There is significant improvement in the efficiency of compression 
compared to the previous standards at lower bit rates [20]. The method of predicting the 
pictures from the set of key pictures is known as hierarchal prediction. This functionality 
provides temporal scalability and also a high degree of motion prediction. One of the major 
changes in the NAL structure is the three byte header at the start of NAL unit rather than 
the one byte header for the conventional H.264/AVC. The two extra bytes represent 
additional information such as the dependency id, the temporal id, and quality id. Each of 
the scalable video streams is split into a sub stream consisting of various spatial temporal 
resolutions that supports different values of spatial resolution and temporal resolution or 
the frame rate.  
   

  SVC also provides the possibility of switching between one bitstreams to 
other inside a particular dependency id [5]. To adapt for the bit stream, the supplemental 
enhancement information (SEI) contains information about the bit rate or spatial resolution 
available for a particular layer. H.264/SVC operates on three profiles, which are Scalable 
Baseline, Scalable High, and Scalable High Intra [5]. Scalable Baseline is intended for 
applications involving conversational services, surveillance applications and for decoders, 
which cannot handle high decoding complexity. This profile does not support interlaced 
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videos. The ratio of upsampling spatial resolutions of only 1.5 to 2 between the consecutive 
layers is possible in this scenario. These restrictions have been lifted with the Scalable 
High and this profile is intended for broadcasting, streaming, and storage applications.  
The major scalability levels provided by SVC are Spatial scalability, Temporal scalability 
and Quality scalability, which are discussed in the subsequent chapters. An overview of 
how SVC looks in real world is given in Figure 2.1.  
 
 
 
  

 
 
 Fig 2.1 Scalable Video coding in real world. 
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2.2 Spatial Scalability 
 

A video stream is said to be scalable when it can be split into a sub stream 
consisting of different layers with each layer corresponding to a specific spatial and 
temporal resolution. When any one of the layers of the sub stream is extracted or decoded 
the resulting stream represents a different video quality. Spatial scalability is a scenario 
where the video stream is available at two or more spatial resolutions. Spatial scalability 
comes into play in a situation where a single video stream has to adapt to heterogeneous 
clients having resolutions ranging from High Definition (HD) video to a Quarter Video 
Graphics Array (QVGA) supporting a videophone. It uses a multi-layered structure where 
the layer predicts its spatial characteristics based on its lower layers [15]. 
 

The architecture of spatial scalability is designed such that the set of layers 
corresponding to a specific spatial resolution is designated to a unique id known as the 
dependency identifier D [5]. The dependency id varies from each layer, i.e. from Base 
Layer to Enhancement Layer. The value of D is 0 for Base Layer, 1 for the first 
Enhancement Layer and increases with the increase in the number of Enhancement Layers. 
The Enhancement Layer exploits the spatial redundancies based on the Base Layer, which 
is known as the inter layer prediction structure. The idea behind using the inter layer 
prediction is to take as much information as possible from the lower layers to predict the 
spatial resolution of the higher layers. The pictures of the Enhancement Layer have higher 
spatial details when compared to the Base Layer. So, predicting the picture in the higher 
layer can be done either by upsampling the reconstructed picture from lower layer known 
as reference layer or by taking the weighted average of the upsampled signal and the 
temporally predicted signal [5]. For a slow motion video that require a better prediction 
strategy the upsampling of the images from a lower layer id would result in a lower 
reconstruction quality compared to a predicted signal taken from the weighted average 
signal.  

  
The other case of spatial scalability is dyadic spatial scalability, which is a 

functionality of doubling the picture width and height while moving from one higher layer 
to another. The enhancement layer in SVC contains additional tools for predicting high 
resolution data from low resolution data underlying in the reference layer, which is known 
as IntraBL mode [16]. The residual signal is formed due to the differences after coding the 
current macroblock from its underlying block in the reference layer and this residual signal 
is quantized and transmitted. The Figure 2.2 below illustrates the prediction structure of 
spatial scalable layer from its reference layer. The pictures of the enhancement layers in 
various colors denote different type of frame prediction. Black for Intra-predicted frame, 
red for inter-predicted frame and blue for bi-predictive frame. The pictures in black and red 
are predicted form the reference layer and upsampled spatially, where as the pictures in 
between inter and intra are coded using the bi-prediction method, which is both forward 
and backward prediction motion vectors. This biprediction mechanism achieves good 
compression and also better motion estimation [16].  
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Figure 2.2 Inter layer prediction  
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2.3 Temporal Scalability 
 
                      A video stream is said to be temporally scalable if there exist one or more 
temporal levels within the Base or the Enhancement layers. The labeling of identity to a 
temporal layer, denoted by T is similar to the spatial scalable architecture, where the layers 
id starts from 0 and moves to N; N being any natural number, for both the Base and the 
Enhancement Layer. For a temporal layer N, the bit stream that is formed by removing the 
temporal layers from T to N, where T is greater than N forms a valid bit stream to a target 
decoder [5]. The only change in SVC compared to AVC in temporal prediction is signaling 
of temporal layers [17]. The signaling mechanism introduces an additional NAL header, 
known as the Prefix NAL unit, which provides information on the layer indexes. This 
contain field like layer id that determines which hierarchy level the current slice belongs.  
    
                    The key concept beneath the temporal prediction is the hierarchical temporal  
prediction structure, which illustrates the prediction of pictures within the Key pictures in a 
set of Group of Pictures (GOP) that follows a hierarchal order. Temporal scalability can be 
achieved in an efficient method using the hierarchal B pictures [18]. The concept of 
hierarchical B frames has allowed efficient temporal scalability for H.264 SVC [14]. The 
hierarchal prediction structure employs a strategy where the frames in between the key 
pictures are coded as B-picture slices instead of P-picture slices. This indicates that the 
pictures in between the Key pictures are coded using both forward and backward prediction. 
This is further illustrated in the figure 2.3. The set of pictures within two Key pictures 
(pictures in black) are known as GOP and are coded either by intra slice type, i.e. without 
any past reference or by predictive slice type i.e. with reference to a previous picture. The 
frames exhibit a hierarchy level equal to four that are denoted by four different colors. The 
pictures in blue are predicted using forward or backward prediction and represent the highest 
temporal level. The pictures in green represent a next temporal level in decreasing order, 
which follows a hierarchical order from the key pictures. The pictures in red represent the 
lowest temporal level and hence are designated to the lowest temporal id. So, depending on 
the level of temporal extraction specified by the encoder, the corresponding pictures are 
being extracted. Temporal extraction of full set of pictures in the GOP represents the best 
motion prediction. The collection of pictures belonging to lower temporal level extracts only 
pictures belonging to lower hierarchy levels.  
 
                         The flexibility supported in SVC is independent in the order of prediction for 
pictures between the GOP. As seen in Figure 2.3, the prediction strategy follows a particular 
order and is known as dyadic structure, which is followed in AVC. Flexible prediction 
methods are employed in SVC temporal prediction structure in terms of order of coding and 
direction of prediction making it an easily adaptable solution for efficient coding. 
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 Fig 2.3 Hierarchical prediction of B frames  
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2.4 Quality Scalability 
 
 Quality scalability, also known as the SNR scalability, represents a scenario 
where a single video stream can be divided into several layers, each layer representing a 
different quality level or SNR, while the spatial and temporal resolutions are maintained 
constant from the base to the enhancement layer. This is achieved using a similar structure 
employed in spatial scalability where the picture size is maintained constant in all the layers. 
It supports two types of scalability modes known as the medium grain scalability (MGS) and 
coarse grain scalability (CGS). 

    CGS is achieved using the macroblock-based prediction of pictures from the 
reference layer, which is referred to as the interlayer prediction. Each value of the 
dependency id for CGS layer differs and is denoted by D [19]. It differs from spatial 
scalability in the method of prediction, as the upsampling methods are not employed due to 
the picture sizes being the same [13]. The residual signal is re-quantized in this mode with a 
quantization step size less than the preceding CGS layer. The maximum number of CGS 
layers supported is 8 including one Base layer and 7 Enhancement Layers, which enables 8 
access points to be extracted [5]. CGS faces challenges in the area of number of scalable bit 
streams due to the limitation in the bit rate adaption. Only a limited number of bit streams 
are adapted, which enables only few layers to be generated. CGS provides quality scalability 
by dropping a complete Enhancement Layer and hence does not achieve a good 
reconstruction quality [13].  

      MGS provides more flexibility compared to CGS in bit stream adaption by 
enabling high level signaling while switching between layers. The value of each MGS layer 
differs from one level to another and is denoted by Q. The information of quality existing in 
a particular quantization step size is distributed over several NAL units corresponding to 
various quality refinement layers and hence achieves a finer degradation in quality levels 
when switching from one bit stream to another. To accomplish finer degradations, each of 
the pictures corresponding to an Enhancement Layer are divided into 16 MGS layers or 
quality layers by splitting the transform coefficients into different groups, where each group 
belongs to a particular layer. Thus, increasing the number of finer quality levels in MGS 
increases the video quality in the Enhancement Layer.  

 To obtain a larger number of extraction points in bit rate MGS coding is 
preferred. Another mode of quality scalability known as fine grain scalability, which was 
included in the recent past has been removed due to its coding complexity and has been 
under research considerations [21]. 
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2.5 Video Quality Assessment 
 
  Video Quality Assessment (VQA) has been an area with increasing research 
interest. A wide range of quality metrics that include peak signal-to-noise ratio (PSNR), 
mean squared error (MSE), structural similarity index (SSIM), subjective video quality 
assessment and objective video quality assessment have been employed to minimize the 
error of prediction in video quality [22]. VQA is broadly classified into two methods, 
known as the subjective video quality measurement and objective video quality 
measurement. Subjective measurements provide reliable results but consume enough time 
and the test conditions must follow ITU-T recommendations [23]. Objective video quality 
assessment includes measurement methodologies based on full reference, reduced 
reference, and no reference methods [24]. Full reference algorithm takes a reference video 
and assesses the video quality of the test video based on the reference video. Reduced 
reference takes partial reference of the reference video and makes the assessment based on 
partial or reduced reference. No reference VQA makes the measurement based on the 
samples in the test video. The values of peak signal to noise ratio (PSNR), structural 
similarity index (SSIM) and mean square error (MSE) come into the category of objective 
video assessment. 

 
              There are numerous tools available in the market to evaluate the objective video 
quality, in which Perceptual Evaluation of Video Quality (PEVQ) is recommended by ITU-
T [26]. Evalvid is a recently developed quality assessment tool that employs a full 
reference algorithm and makes the VQA exploiting PSNR and SSIM [25]. Perceptual 
Evaluation of Video Quality (PEVQ) uses a full reference algorithm and makes the 
measurement in terms of mean opinion scores (MOS), Y-PSNR, U-PSNR, V-PSNR, frame 
freezes and delay, providing an elaborated overview of the result [26]. MOS is the mean 
value for different individual scores considered for testing a specific sequence and has a 
range of 1 to 5 representing poor and excellent quality respectively. The sequences that are 
tested with PEVQ range from video conferencing, movies, sports, music content etc. It can 
yield inaccurate results if the video content has inappropriate frame sizes, or by comparing 
different video contents. As the first step of comparison, it trains the sequences by aligning 
the test and the reference sequences in spatial and temporal order. It also checks for 
temporal shifts in the test sequence and also differences in spatial alignment. The color 
differences or shifts in the test and the original sequence are given last priority. The second 
step includes the evaluation of perceptual difference between the two signals. The best 
MOS that can be achieved is approximately 4.759 as the transmission system and the video 
content have some impact on the MOS score [26]. The static delays, blocking, jerkiness 
and frame freezes in the video sequence are also calculated and displayed as a part of the 
result along with the PSNR values. Perceptual Evaluation of Video Quality (PEVQ) 
achieves high prediction accuracy and correlation to the subjective tests at least as long as 
larger freezes are avoided [30]. 
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3       IMPLEMENTATION 
 
3.1 Configuration of the JSVM Software 
 

The Joint Scalable Video Model (JSVM) with version 9.19.10 (beta) is the 
reference software employed in the thesis work and is the standard video model 
recommended by Joint video team (JVT) for scalable video coding [27]. The source code 
is written in C++ programming language. The software cannot be downloaded from the 
internet and has to be accessed from a server by a command-line CVS client. The server 
is set up at Rheinisch-Westfälische Technische Hochschule Aachen (RWTH) and allows 
only read access to the parameters. The command line CVS used in our work is Smart 
CVS for Mac OS 10.5. The software was built in a Linux environment. The package 
consists of several libraries and is needed to build to configure the JSVM software 
properly. One of the key directories is the bin directory, which is found on the local path. 
This contains the make file, needed to build the software in Linux environment. The 
software can also be built in windows environment using a Microsoft Visual Studio v8 or 
v9. It is recommended that the software be built and used in a debug mode that can point 
out the errors in source code while running the command prompt. The necessary tools for 
encoding and decoding are built in both debug and non-debug mode.  
 
  Table 3.1: Executable tools for JSVM 
 

Executable Description 

DownConvertStatic Resampling tool 

H264AVCEncoderLibTestStatic Encoding supporting AVC/SVC 

H264AVCDecoderLibTestStatic Decoding the bitstreams 

BitStreamExtractorStatic Extracting bitstreams 

QualityLevelAssignerStatic Assigning quality levels 

PSNRStatic Computes PSNR 
 

The most important executable libraries are DownconverterStatic, 
H264AVCEncoderLibTestStatic, H264AVCDecoderLibTestStatic, AVCRewriter, BitStr
eamExtractorStatic, and PSNRStatic. DownconvertStatic is a resampling tool to 
upsample or downsample the video sequence spatially or temporally. It constructs an 
output video based on methods and parameters passed into the command. Important 
parameters to be specified are the width of the input sequence <win>, output sequence 
<wout>, and the height of input and output sequences represented by <hin> and <hout> 
respectively. The name of the output file is specified in YUV container. The methods of 
sampling are fundamental elements in determining the spatial and temporal aspects of the 
output file. If the parameters <wout> and <hout> are more than <win> and <hin> then the 
upsampling of image is done depending on various filters and algorithms and the method 
is set to 1 on command prompt. If the values specified above are less than the width and 
height of the output video then the downsampling of image is done and is recommended 
to specify the number of downsampling stages, which is specified by method 1. The value 
of 1 indicates the reduction of frame rate by a factor 2 and increases by a factor of 2 when 
the temporal downsampling stages are increased. BitStreamExtractorStatic is a very 
important tool employed for extracting the encoded bitstream. This defines the 
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possibilities and options of how a scalable bitstream is extracted. A detailed description 
and usage is found in chapter 3.3. H264AVCEncoderLibTestStatic is needed to encode 
the video by taking the configuration file as the input and all the parameters needed for 
encoding are run by choosing values on the configuration files. This tool is responsible 
for producing videos in both AVC and SVC mode. AVCDecoderLibTestStatic is used to 
decode the bitstream and produce the output bitstreams in YUV container. AVCRewriter 
provides the option of rewriting the scalable bitstreams into a nonscalable bit streams or 
in an AVC compatible mode. The comparison of two video streams to check the values of 
PSNR can be achieved using a PSNRStatic tool, which takes the two input streams in 
YUV container and also the reference bitstream of the sequence to be compared. This 
estimates the output bitrate and PSNR in Y, Cr and Cb.  
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3.2 Experimental Set up  
 
 The videos subjected to experiment are collected from the standard test 
media [28]. Four videos are considered for the experiment in CIF and are referred to as 
Bus, Foreman, Soccer, and Mobile. Bus and Soccer have considerably high temporal 
details while Mobile has the least temporal details but highest spatial details. The 
sequences to be tested have to be located on the /user/bin path. All the raw data is in 
YUV container and CIF format has been taken as the primary resolution on which QCIF 
is being constructed by downsampling. To construct a downsampled video, 
DownconvertStatic tool has been used by specifying one temporal downsampling stages 
and by applying the downsampling method 1. This enables Dyadic downsampling 
method by applying a scaling factor of 0.5 in both horizontal and vertical direction, which 
employs MPEG-4 downsampling filter. Enough care should be taken while 
downsampling as downsampling to inappropriate picture sizes would result in shifts in 
phase components and hence differences in color components at the boundaries of the 
video sequence. The constructed downsampled video serves as input file for the Base 
layer, which has lower video quality. 
 
 In order to encode a raw video, the configuration files have to be specified, 
which are the key aspects that define the parameters and the structure of coding. 
Inappropriate configuration files could result in errors or variations in the resulting 
encoded video. The configuration files are referred to as the main configuration file 
(main.cfg) and layer configuration file (lay.cfg). The main configuration file provides an 
overview of the important coding parameters and the underlying layer configuration files. 
The command (Appendix) calls the main.cfg file and executes the parameters line by line 
by picking up the values mentioned in each parameter. The layer configurations that are 
defined at the end of main configuration file are read in the main.cfg file and the control 
jumps into the path specified on main.cfg to the lay.cfg. Our experiment is carried on 
with 2 layer configuration files, one for Base Layer and other for Enhancement Layer. 
Layer0 correspond to the Base Layer and layer1 to the Enhancement Layer. The main 
configuration file employed for the videos is shown in Table 3.2. The two configuration 
files that are mentioned at the bottom of Table 3.2 are detailed in Table 3.3 and Table 3.4, 
respectively.   
                      
 The output file, as a result of the encoding process is a bitstream file and is 
obtained in a 264 container. The frame rate defines the maximum number of frames per 
second [Hz] contained in the bit stream. MaxDelay specifies the maximum structural 
delay that can be achieved in-between the pictures. Structural delay is the delay caused 
during the encoding process if the difference between the coding order and display order 
is large in number [31]. Forcing the encoder for less structural delay in encoding the 
current frame would decrease the coding efficiency in an attempt to achieve the target 
delay. The reconstructed file displays the output video in a YUV container that contains 
all the scalable layers. The coding structure consists of GOPSize that defines the number 
of pictures in between the key pictures. This number might vary from the Base to the 
Enhancement Layer depending on the frame rate out of layer configuration files and is 
equal to the power of 2. NumberReferenceFrames indicate the number of reference 
picture used for motion prediction. The value of NonRequiredEnable is set to 1 that 
indicates the inclusion of Supplemental Enhancement Information (SEI) that provides 
additional information of the picture number while encoding the stream. SymbolMode 1 
enable Context Adaptive Binary Arithmetic Coding (CABAC) to achieve good quality at 
lower bit rates. Search mode 4 defines a fast motion based search for pictures and 0 
indicates slow motion search. Search range specifies the searching technique for motion 
vectors within the enhancement layer regions. If this is specified as default then all the 
neighboring luma samples in the neighboring macro blocks are searched for motion 
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prediction. The layer definitions include the number of layers and the location where the 
layers are found. 
 
 
 
 
  
 

 
 
Fig 3.1 Bus sequence 
 

 

 
 
 
Fig. 3.2 Foreman sequence 
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Fig. 3.3 Football sequence 
 
 
 
 
 

 
 
 
Fig. 3.4 Mobile sequence 
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Table 3.2 Main configuration file “main.cfg” 
 
# JSVM Main Configuration File 
 
#======================General=========================== 
 
Outputfile                    /Users/local/outputfile.264          
# Bitstream file 
 
FrameRate                          30                                         
# Maximum Frame rate 
 
Frames to be encoded          300                                       
# Number of frames 
 
MaxDelay                           1200                                          
#Max structural delay [ms] 
 
ReconFile                           /Users/local/rec.yuv               
#Reconstructed output file 
 
#======================Coding============================ 
 
GOPSize                                 16                              
#GOP size at maximum frame rate 
 
NumberReferenceFrames         1                           
#Number of reference frames 
 
BaseLayerMode                      2                           
# AVC with subsequent SEI 
 
NonRequiredEnable                   1                          
# Include SEI messages 
 
CgsSnrRefinement                                        0 
#1 for SNR/Quality Scalability 
SymbolMode                         1                          
#0 =CAVLC, 1= CABAC 
 
#======================Motion Search===================== 
 
SearchMode                              4                      
# Defines mode of search 
 
SearchRange                              32                    
# Search range (Full pel) 
 
#====================== Layer Definition================= 
NumLayers                              2                       
# Number of layers 
LayerCfg                          /Users/local/layer0.cfg         
# Base Layer 
LayerCfg                          /Users/local/layer1.cfg        
# Enhancement Layer 
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Table 3.3 Layer configuration file “layer0.cfg” 

 
# JSVM Base layer configuration file 
 
#=======================Input/Output===================== 
 
InputFile                /Users/local/Downsampled_QCIF.yuv    
# Input 
 
SourceWidth                          176                              
#Width of the input sequence 
 
SourceHeight                      144                              
# Height of input sequence 
 
FrameRateIn                       30                              
#Maximum input framerate 
 
FrameRateOut                    30                              
#output frame rate 
 
#=======================Coding=========================== 
 
Quantization Parameter                       32            
# specifies the quantization parameter 
 
BaseLayerID                                 0             
# For Base layer  
 
InterLayerPred                               0             
# No inter layer pred is used 
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Table 3.4 Layer configuration file “layer1.cfg” 
 
# JSVM Base layer configuration file 
 
#===========================Input/Output================ 
 
InputFile                  /Users/local/Original_CIF.yuv  
# Input 
 
SourceWidth                       176                              
#Width of the input sequence 
 
SourceHeight                      144                              
# Height of input sequence 
 
FrameRateIn                       30                              
#Maximum input framerate 
 
FrameRateOut                    30                              
#output frame rate 
 
#============================Coding===================== 
 
Quantization Parameter                    32            
# specifies the quantization parameter 
 
BaseLayerID                               1             
# For Enhancement layer 
 
InterLayerPred                            2             
# To predict inter layer 

 
After writing the configuration files, H264AVCEncoderLibTestStatic tool 

is used to encode the video in SVC mode, which is the default mode supported by the 
encoder unless an AVC mode is specified in the configuration file. The encoder is run on 
command prompt by issuing the command given below.  

 
In case of a SNR scalable scenario, the parameter CgsSnrRefinement is set 

to 1 in the main.cfg. This enables MGS (medium grain scalability). Parameter 
MGSVectorMode is added in main.cfg and set to 0 for Base Layer and 1 for 
Enhancement Layer. If the parameter MGSVectorMode is increased then the number of 
quality levels increase. In this work only one scalable quality layer has been employed to 
evaluate the impact of additional quality level. This defines the additional quality layers 
for SNR scalable streams. Quantization parameter is set to 32 to achieve uniform bitrate 
allocations for all the layers.  
 

The commands for executing the encoder in combined and quality scalable 
modes are given in Appendix. When the command for spatial and temporal scalable mode 
is run on the shell, it takes the parameters specified in the configuration files. The coding 
order employed is IPPBBBBBBBBBBBBP for a GOP of 16 pictures, which illustrates 
the hierarchal B pictures used in between the key pictures. The summary of the Bus 
sequence is shown in Table 3.5. 
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Table 3.5 Summary of Bus sequence 
 

Layer 
number Resolution 

Frame 
rate 

[Fps] 
Bitrate 
[Kbps] 

Y-
PSNR 
[dB] 

U-
PSNR 
[dB] 

V-
PSNR 
[dB] 

0 176x144 1.875 78.2050 36.7326 40.9702 42.2471 

1 176x144 3.75 106.1917 35.0545 40.6935 41.9437 

2 176x144 7.5 139.9917 33.8958 40.5227 41.8084 

3 176x144 15.0 178.8617 32.9710 40.4761 41.7277 

4 176x144 30.0 222.3200 32.2137 40.4166 41.6591 

5 352x288 1.875 295.4817 37.2285 41.6101 43.3472 

6 352x288 3.75 398.1683 35.7930 41.2085 43.0771 

7 352x288 7.5 518.0717 34.8015 40.9972 42.9101 

8 352x288 15.0 658.0567 34.0476 40.8584 42.7917 

9 352x288 30.0 819.4783 33.4818 40.7169 42.6677 
 
The table displays the various scalable levels supported by the encoder. Each layer 
corresponds to particular spatial temporal resolution and bitrate. The values Y-PSNR, U-
PSNR, and V-PSNR for each layer are also computed.  
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3.3 Bit Stream Extraction 
   
 The bit stream that is scalable in various aspects of spatial and temporal 
resolution is extracted by employing the BitStreamExtractorStatic tool. This tool provides 
various options for extracting the bit stream based on a specific target bit rate or a specific 
layer or a particular spatial-temporal resolution. The various options supported by the tool 
are given in the table below. 
 
 Table 3.3.1 BitStreamExtractorStatic Tool  
 
 
sh#  /bin/BitStreamExtractorStaticd <in> <out> <options> 
 
<in> = Input file 
<out> = Output file  
<options> = -l, -t, -f, -b, -sl, -e AXB@C:D 
 
-l L = Extract all the layers less than or equal to dependency id “L”. 
 
-t T = Extract all the layers less than or equal to temporal id “T”. 
 
-f F = Extract all the layers less than or equal to quality id “F”. 
 
-b B = Extract all the layers less than or equal to target bit rate “B”. 
 
-sl K = Extract all the layers less than the scalable layer “K”. 
 
-e AXB@C:D = Extract all the layers less than the spatial resolution with Width “A”, 
height “B”, frame rate “C” and bitrate “D”.  
  
–l L –t T –f  F = Used together to extract all the layers less than combination of 
dependency id, temporal id and quality id denoted by L, T and F respectively. 

 
 
The scalable profiles supported for the file output.264, specified in the main.cfg file can 
be known by running the executable, BitstreamExtractorStaticd with inputfile as 
output.264. The scalable structure for the Bus sequence is shown in table 3.3.2. 
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Table 3.3.2 Scalable layer structure for Bus sequence 
 

Layer Resolution Frame rate [Fps] Bitrate [Kbps] (D,T,Q) 

0 176x144 1.875 78.2 (0,0,0) 

1 176x144 3.75 106.2 (0,1,0) 

2 176x144 7.5 140.0 (0,2,0) 

3 176x144 15.0 178.9 (0,3,0) 

4 176x144 30.0 222.3 (0,4,0) 

5 352x288 1.875 295.5 (1,0,0) 

6 352x288 3.75 398.2 (1,1,0) 

7 352x288 7.5 518.1 (1,2,0) 

8 352x288 15.0 658.1 (1,3,0) 

9 352x288 30.0 819.5 (1,4,0) 
 

 
The stream is scaled into 10 layers in which layers from 0 to 4 represent 

the Base layer and layers from 5 to 9 represent the Enhancement Layer; the latter 
represents a higher spatial resolution equal to CIF. The DTQ notation is important to 
extract the layer by using the option –l L –t T –f F. The term D denotes the dependency id 
for a specific layer, i.e. 0 for Base layer and 1 for Enhancement Layer. The values of T 
denote the temporal level of the specific layer that varies from 0 to 4 for both Base and 
the Enhancement layer. The value of Q denotes the quality; as the stream in not scalable 
qualitywise, the value remains constant and is zero for all the layers.  

 
Table 3.3.3 Layer structure for spatial and temporal scalable sequence. 
 

Base Layer 
(0,0,0)

L0 
(0,1,0) 

L1 
(0,2,0) 

L2 
(0,3,0) 

L3 
(0,4,0) 

L4 

Enhancement 
Layer 

(1,0,0) 
L5 

(1,1,0) 
L6 

(1,2,0) 
L7 

(1,3,0) 
L8 

(1,4,0) 
L9 

 
The above table denotes the structure of spatial and temporal scalable 

sequence where the co-ordinates (x,y,z) represent the spatial and temporal resolutions and 
the suffix Lx denotes the layer numbers in which ‘x’ takes the values starting from 0 to 9. 
The layers corresponding to the first and the second row are considered as the Base and 
the Enhancement Layers respectively. It can be observed that the entire stream is scaled 
in two domains, known as the spatial and temporal domain. The lowest spatial resolution 
is attained in the base layer (D equal to zero) and it increases to one in the Enhancement 
Layer. For instance, to extract a scalable layer 8, the D, T and Q values are used that 
corresponds to L, T and F values respectively. The option –l 1 –t 3 –f 0 specified in the 
BitStreamStatic tool extracts all the layers that are less than or equal to the DTQ values 1, 
3, 0 respectively. Hence, all the layers until layer 8 are extracted with exception of layer 
4, which has a higher temporal id (4>3).  
Similarly the extraction process for layers from 9 to 1 is done i.e. from the Enhancement 
Layer to the Base Layer resulting in 9 different sub streams which are separately 
decodable forming a valid bit stream and are stored in a H.264 container. 
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The stream containing all the layers, which is layer 9 is also extracted, and is referred to 
as the full-layered stream that holds the maximum quality.  
 

 
Table 3.3.4 Quality scalable layer structure for Bus sequence 
 

Layer Resolution Frame rate [Fps] Bitrate [Kbps] DTQ 

0 352x288 1.875 278.8 (1,0,0) 

1 352x288 3.75 379.5 (1,1,0) 

2 352x288 7.5 487.5 (1,2,0) 

3 352x288 15.0 624.4 (1,3,0) 

4 352x288 30.0 770.9 (1,4,0) 

5 352x288 1.875 361.1 (1,0,1) 

6 352x288 3.75 486.9 (1,1,1) 

7 352x288 7.5 633.2 (1,2,1) 

8 352x288 15.0 816.7 (1,3,1) 

9 352x288 30.0 1019.4 (1,4,1) 
 
 

Table 3.3.4 gives an overview of the layers in Quality scalability or SNR 
scalability. It is observed that the value of D (resolution) is maintained constant 
throughout the scalable layers. The parameter Q (quality identifier) is scaled to two 
values (0 and 1). The quality mode used is Medium Grain Scalability (MGS). Constant 
Lagrangian parameter (lgp = 30 and 24) is used for all the sequences to achieve uniform 
bitrate allocation. Lagrangian parameter is used to achieve uniform rate distortion within 
the encoding process [32].  

 
 
Table 3.3.5 Layer structure for quality scalable sequence. 

 

Base layer 
(1,0,0) 

L0 
(1,1,0) 

L1 
(1,2,0) 

L2 
(1,3,0) 

L3 
(1,4,0) 

L4 
Enhancement 

Layer 
(1,0,1) 

L5 
(1,1,1) 

L6 
(1,2,1) 

L7 
(1,3,1) 

L8 
(1,4,1) 

L9 
 

From table 3.3.5 the quality scalable sequence takes on three values 
namely spatial, temporal and quality identifiers denoted by (D,T,Q) respectively. All the 
layers corresponding to enhancement layer has an additional quality level and is denoted 
by identifier 1. The layer extraction in this case is done on bitrate allocations. Each layer 
has an extraction point and hence there are ten extraction points for ten different layers. In 
this case, the extraction is done on bitrate allocation for each scalable layer, where as the 
layer extraction was done based on the D,T,Q identifiers in combined scalability. For e.g. 
to extract layer 9 with the D,T,Q values (1,4,1) from the Table 3.3.4, the extraction was 
based on the bitrate that is equal to 1019.4 Kbps. The comparisons were done between 
the layers (1,x,0)  and (1,x,1) where x  is the  temporal  level ranging  from 0  to 4.  The   
option -e AXB@C:D (from Table 3.3.1) has been employed. 
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3.4 Challenges with decoding 
 

The resulting 10 streams known as the sub streams are located in a H.264 
container, which are to be decoded into a raw format to make it compatible to the video 
player and PEVQ for further subjective and objective analysis. In order to decode these 
streams H264AVCDecoderLibTestStatic tool is employed. This tool takes the input 
stream in a 264 container and converts each stream into a YUV container. The decoded 
video stream in the YUV format cannot be viewed by the user and has to be converted to 
the AVI container, which is the final step of decoding. The scalable structure 
of SVC for combined scalability (spatial and temporal) follows a specific order in which 
each picture in the video sequence is assigned to a particular dependency identifier (D) or 
temporal identifier (T) and a constant quality identifier (Q) denoted in the table 3.3.2. So 
extracting a particular layer (Lx from table 3.3.3) generates only the pictures that are 
assigned to that specified dependency and temporal identifiers. A layer containing a 
temporal identifier less than 4 is known as temporally downsampled layer and a layer 
with dependency id less than 1 is known as the spatial downsampled layer. For instance, 
extracting and decoding the scalable layer 8 from table 3.3.2 having (D,T,Q) values of 1,3 
and 0 respectively using H264AVCDecoderLibTestStatic tool results in bitstream that has 
only the pictures allocated to the specified D,T,Q values. This explicitly discards the rest 
of the pictures that are not allocated to the spatial and temporal identifiers. Hence, the 
pictures corresponding to higher temporal id with T = 4 (Layer 9 from 3.3.2) are not 
decoded, when the layer with T (temporal id) less than 4 is requested. This in turn results 
in loss of pictures corresponding to a higher temporal identifier (T belonging to 4). This 
scenario arises in case of extracting a temporally downsampled layer. While moving onto 
the base layer (L0 to L4) both the spatial and the temporal domains have chances of 
getting affected. When a scalable layer (Lx) where x is less than 4 is extracted, the 
pictures belonging to the identifiers (D,T,Q) is extracted. This has an effect on spatial and 
temporal domains and necessary interpolations are to be performed in order to 
compensate for lost pictures. Hence, a downsampled layer in the region of enhancement 
layers needs only temporal interpolation whereas a downsampled layer in the base layer 
region requires spatial and/or temporal interpolations. 

 
 While focusing on the quality scalable coding illustrated in table 3.3.4, the 
dependency identifier (D) is maintained constant whereas the temporal identifiers and 
Quality identifiers (T,Q from table 3.3.5) are varied. Video quality assessment was done 
in specific method in which the impact of additional quality layer for a specific temporal 
identifier (T) is measured. Only the layers corresponding to a same temporal id are 
compared using the PEVQ tool. For instance layer 9 acting as a reference stream is 
compared with layer 4 as the test stream. This ensures that interpolations (both spatial and 
temporal) that were challenging in combined scalability were not considered for the 
objective video quality tests.  
   
 The concept of hierarchal allocation of pictures in-between the key 
pictures provides the scope for temporal scalability, which was discussed in the section 
2.3. A GOP size of 16 provides five temporal levels equal to 0,1,2,3 and 4. Hence by 
extracting a temporally downsampled layer (T less than 4) reduces the number of pictures 
by a factor of 2. The pictures in between the key pictures are assigned to a particular 
hierarchal order resulting in a specific temporal level. Extracting the layer with temporal 
identifier equal to 3 results in a reduction of the number of pictures by 2n where n is the 
number of downsampled layers. Similarly, extracting a layer with temporal id equal to 2 
results in reduction of number of pictures by a factor 22. The number of pictures 
decreases with the decrease in temporal id and thus the least number was obtained at 
temporal level 0 which was reduced by a factor of 16. Spatial downsampling occurs when 
the layers with the dependency id less than 1 are decoded. Hence, the resulting 
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downsampled videos were not compatible with the original stream due to the reduction in 
the number of pictures. Necessary interpolations had to be made for making the video 
compatible with video quality assessments. 
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3.5 Interpolations 
 
 To make the video compatible in temporal and spatial domains with respect to 
the reference video, the decoded streams collected from H264AVCDecoderLibTestStatic 
have to be interpolated both temporally and spatially. Temporal interpolation includes 
replacing the missing frame by another picture to compensate for the missing frame. The 
replacement of frames would make the video sequence smoother and also compatible with 
the reference or the test video that contains all the layers. There are several methods in which 
motion interpolation can be done. The missing frames can be compensated either by frame 
duplication or by constructing an intermediate frame using motion interpolation techniques. 
Motion interpolation requires algorithms to extract the image information from the I-frames 
(Intra frames) and the B-frames (Bi-prediction frames) to replace the missing frame. Hence, 
this particular method invokes a different video encoding strategy and introduces a new 
hierarchal structure of pictures. To overcome this, frame duplication is performed which 
duplicates the frames to the necessary temporal level. In order to do this each frame in the 
temporally downsampled sequence is doubled to fit into the places of missing streams. For a 
decoded stream from temporal layer 3, the frames are duplicated twice. For the streams of 
temporal layer 2, the frames are duplicated four times and the highest number of duplication 
occurs for the decoded stream with temporal id zero, which is sixteen times. Matlab script is 
employed for temporal interpolation, which can be found at the appendix. 
 

 
 
 Fig. 3.6 Missing frames due to temporal downsampling 
 

 
  
 Fig.3.7 Frame interpolation 
 
 Figure 3.6 illustrates the effect of temporal downsampling, which results in 
reduction of pictures indicated by the frames 2, 4, 6, 8 and 10. Figure 3.7 illustrates the 
frame duplication technique to replace the missing frames with the previous frames. This 
technique ensures that the reconstructed method contains pictures only from the decoded 
sequence. For spatially upsampling the image FFMPEG tool was used, that upsamples the 
pictures to desired size. Hence the decoded video stream from a lower dependency id was 
upsampled to produce a CIF stream. Spatially upsampling was performed by libavfiter in 
FFMPEG [29]. 
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3.6 Video Quality Testing 
 
 Objective video quality assessment has been employed to measure the 
amount of quality degradation for each layer. In order to do this the reconstructed 
streams, which are upsampled both spatially and temporally equal to CIF at 30 frames per 
second (Hz) are taken as the test files. The objective measurements are performed using 
the PEVQ tool. Full reference metric has been employed, which implies that each 
decodable bit stream that was reconstructed is compared to the stream containing all the 
layers. Hence 9 streams are compared with the reference stream and each stream is 
compared separately with the reference stream. Necessary conversions had to be made in 
order to proceed with the video quality measurement. The test streams that are upsampled 
spatially or temporally or both have to be in an AVI container and also in rawcodec form. 
PEVQ employs its strategy for VQA and exploits the quality metrics to display the result. 
All the four sequences named as Bus, Foreman, Soccer, and Mobile have been tested. 
Video Quality Analysis was carried out for each scalable layer and for different test 
sequences that have varying amount of temporal and spatial details. 
  
 Subjective measurement tests were performed to evaluate the QoE from 
the user’s perspective. The test conditions were based on ITU-T recommendations and 
the users are asked to evaluate the video quality based on their acceptability of the test 
video with reference to the original video. The MOS scores are not taken into account 
whereas the questioner is employed in which the subjects answer on their acceptance of 
the test video with reference to the original video. Twenty samples had been considered 
and the samples vary in age and location. The Absolute Category (ACR) method has been 
employed to evaluate the user experience. The ratings were given on a scale of “Yes” or 
“No” criteria. If the user is satisfied with the video sequence in comparison with the 
reference sequence, the rating is recorded as “Yes” and if not, the rating is recorded as 
“No”. In this category, the subjects experience a reference video and the series of test 
videos follow the reference video. The test videos are examined for perceptual video 
quality in accordance with the original video the subject has experienced before. The Bus 
and the Foreman sequences with different scalable layers were the test cases considered 
for subjective analysis. The users were asked to look for video quality and disturbances in 
both spatial and temporal domains. Two test cases have been employed in which one is 
based on the downsampled versions in spatial and/or temporal domains and the other are 
based on the sequences that are upsampled both spatially and temporally. 
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4        RESULTS 
 
 
4.1 Plot of Objective Scores 
 
  This section represents the plots for objective video quality assessments 
performed over PEVQ for all the scalable layers. The test sequences that are subjected to 
both objective and subjective video quality tests yielded results that characterize the 
effect of scaling on objective video quality. Objective tests are categorized into three 
plots, namely MOS vs. Layers, MOS vs. Bitrate and PSNR vs. layers. The test criteria for 
the objective measurements include test streams that are reconstructed spatially and/or 
temporally.  
 
         

 
 
 Fig. 4.1.1 Plot of MOS vs. Layers for all sequences. 
 
 

Figure 4.1.1 shows plot of the Mean Opinion Scores (Mean Opinion Score) 
versus various identifiers for Bus, Foreman, Football, and Mobile sequences. Each point on 
the x-axis denotes the spatial, temporal and quality identifiers represented in three co-
ordinates. The y-axis denotes the MOS obtained from PEVQ and the curve indicates the 
MOS as a function of different spatial, temporal and quality identifiers for all the sequences. 
From the first section of the figure, MOS vs. Layers in Fig. 4.1.1, it can be observed that the 
curves exhibit a linear relationship until the Layer 5. The MOS drops for Enhancement and 
Base regions, as the temporal identifiers are decreased (i.e. less frames per second are 
shown). E.g. the MOS drops from 5 to 2 as the temporal resolution is reduced. Similar 
behavior in case of the Base layer region with the exception that the highest MOS starts from 
3 can be observed as the MOS drops down from (0,4,0) to (0,0,0). This is due to upsampling 
in spatial domain that has yielded for lower MOS.    
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4.1.2 Plots of MOS versus Bitrate 
 

 
 
 Fig. 4.1.2.1 MOS vs. Bitrate for Bus sequence 
 
 Figure 4.1.2.1 shows plot of MOS versus bitrate (Kbps) for the Bus 
sequence. The x-axis denotes the bitrate in Kilobits per second and the y-axis denotes the 
MOS obtained from PEVQ. The curve gives the MOS as a function of bitrate for both 
Enhancement and Base Layers. It can be observed that there is a strong correlation between 
the bitrates corresponding to temporal identifiers and the MOS. Layers containing higher 
temporal identifiers for e.g. (1,4,0), (0,4,0) achieve higher MOS compared to lower temporal 
identifiers. Layers containing higher bitrate may not necessary produce higher quality unless 
the temporal levels are high.  
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 Fig. 4.1.2.2 MOS vs. Bitrate for foreman sequence 
 
 Figure 4.1.2.2 shows plot of the MOS versus the Bitrate for the Foreman 
sequence. The x-axis denotes bitrate in kilobits per second and the y-axis denotes the MOS. 
It can be noticed from the curves that lower bitrates at (0,4,0) compared to (1,0,0) can 
achieve good MOS due to higher temporal identifier. This sequence indicates a similar 
behavior compared to figure 4.1.2.1, which illustrates the importance of temporal levels in 
achieving better MOS. It is interesting to see that all sequences with (0,x,0) yield a MOS less  
than or equal to 3. This is due to the effect of spatial upsampling.  
 

 
  
 Fig. 4.1.2.3 MOS vs. Bitrate for Football sequence 
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 Figure 4.1.2.3 denotes the plot of Bitrate versus MOS for Football 
sequence. A similar behavior observed in Figure 4.1.2.1 and Figure 4.1.2.2 can be 
noticed. 
  
 

 
  
 Fig. 4.1.2.4 MOS vs. Bitrate for Mobile sequence 
 
  Figure 4.1.2.4 shows plot of the MOS versus the Bitrate for the Mobile 
sequence. The x-axis denotes bitrate in kilobits per second and the y-axis denotes the 
MOS. It can be observed that the curve exhibits two different behaviors, i.e. within the 
Base Layer region (0,x,0) and within the Enhancement Layer regions (1,x,0). It is 
interesting to observe that the MOS scores are very low for the Base Layers. These layers 
are not recommended for use due to lower MOS. This behavior is due to upsampling the 
video sequence in spatial domain, which is more sensitive to spatial resolution. It can be 
noticed that all the sequences except Mobile exhibit linearity with few drops at the lower 
spatial and temporal levels. 
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4.2 PSNR Plots 
 
 In the section 4.2, fidelity for all the sequences is plotted on two graphs for 
both Base Layer and Enhancement Layers. 
 

 
 
 Fig. 4.2.1 Plot of PSNR vs. Layers for all sequences. 
 
 Figure 4.2.1 indicates the plot of Peak Signal to Noise (PSNR) versus 
spatial, temporal, and quality identifiers for Bus, Foreman, Football, and Mobile 
sequences respectively. The x-axis denotes spatial, temporal, and quality identifiers and 
the y-axis denotes PSNR. This indicates that the fidelity values for different identifiers 
have high correlation with the MOS scores observed in figure 4.1.1. The MOS score 
drops as the temporal identifiers are reduced. The values of PSNR for Mobile, Bus 
sequence and Foreman sequence overlap with each other for most part of the 
Enhancement Layer while there is a noticeable gap moving in to the Base layer. This 
illustrates high dependency of Mobile sequence on the Base Layer which was also 
noticed from the section 4.1. This observation is due to the lower temporal identifiers, 
which affect the video quality.  
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4.3 User opinions 
  
 The users were asked to judge the video streams with respect to their 
acceptability. In test 1, the streams that were reduced spatially and/or temporally have 
been shown. Test criteria 2 include the test streams, which are reconstructed both 
spatially and temporally. Participants are asked to observe for the spatial and temporal 
variations through the course of the test. 
 
 Table 4.3.1 Test 1  
 

Video 
sequence Quality 

Acceptability 
[%] 

 
Bus 

Spatially reduced 
(0,4,0) 

 
75.0 

 
Bus 

Temporally reduced 
(1,3,0) 

 
40.0 

 
Bus 

Spatially and temporally reduced 
(0,3,0) 

 
40.0 

 
Foreman 

Spatially reduced 
(0,4,0) 

 
90.0 

 
Foreman 

Temporally reduced 
(1,3,0) 

 
0.0 

 
Foreman 

Spatially and temporally reduced 
(0,3,0) 

 
0.0 

 
 Table 4.3.1 shows the results for the ratings of Test 1, where the 
downsampled versions obtained from JSVM encoder have been shown. The first column 
denotes the type of sequence that has been compared with the reference sequence, the 
second column denotes the quality level employed and the third column denotes the 
percentage of subjects that accept the particular quality level. Twenty test subjects have 
been considered for the subjective video quality assessments. It can be observed that the 
users were very sensitive to temporal changes. The results show that temporally 
downsampled achieve lower acceptance. Users are not too much bothered with the spatial 
changes. Users preferred watching spatially reduced cases for both the sequences. The 
percentage of acceptability was high in both the cases. This is clearly evident with the 
percentage of acceptance for Spatially reduced case for both sequences.  
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 Table 4.3.2 Test 2 
 

Video sequence Layers Acceptability [%] 

Bus (1,3,0) 65.0 

Bus (1,2,0) 40.0 

Bus (1,1,0) 10.0 

Bus (1,0,0) 0.0 

Bus (0,4,0) 80.0 

Bus (0,3,0) 75.0 

Bus (0,2,0) 30.0 

Bus (0,1,0) 5.0 

Bus (0,0,0) 0.0 

Foreman (1,3,0) 80.0 

Foreman (1,2,0) 40.0 

Foreman (1,1,0) 0.0 

Foreman (1,0,0) 0.0 

Foreman (0,4,0) 85.0 

Foreman (0,3,0) 70.0 

Foreman (0,2,0) 40.0 

Foreman (0,1,0) 5.0 

Foreman (0,0,0) 0 
 
 Table 4.3.2 shows the ratings for Test criteria 2 for Bus and Foreman 
sequence, where upsampled versions of all the spatial, temporal levels have been 
presented to the subjects in reference to the sequence containing all the spatial, temporal 
levels. The results show a strong correlation with the figure 4.1.1 that shows the MOS vs. 
layers. This correlation is due to the importance of higher temporal levels in achieving a 
better MOS in either subjective or objective cases. It can be observed that, as the numbers 
of temporal levels increase the objective or subjective MOS increase for both Base and 
Enhancement Layers. Layers with index (1,4,0) and layers with index (0,4,0) achieved 
significantly high acceptance as the layers with lower temporal levels in both 
Enhancement and Base Layers have highest degree of rejection.  Temporal changes in the 
video had a serious impact on the QoE where as spatial changes had minor impact, which 
was noticeable from the tables for test 2. Results obtained from the user tests have high 
correlation with the objective scores for most layers that validate our analysis. 
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4.4 Savings versus quality 
 
 This section shows the trade-off between the Savings versus the Quality 
for all the sequences that are scaled spatially and temporally. The term savings expresses 
the percentage of Bitrate that can be saved while transmitting a layer with lower spatial 
and/or temporal level. Retained-quality specifies the amount of quality expressed in terms 
of MOS that can be retained when a specific downsampled layer in spatial and/or 
temporal level is transmitted instead of a layer with MOS. Bandwidth Utilization 
specifies the amount of bitrate required for the layer in comparison with the maximum 
bitrate the stream can have.  
  
 Table 4.4.1 Terminology used for formulae 
 
 

 Ln = Layer number for Combined Scalability 

 Lq = Layer number for Quality Scalability 

         Where n and q = [0-4] for Base layer and [5-9] for Enhancement layer. 

 !   = (!,!,!) 

 !  = Vector identifier. 

D = Dependency identifier for Ln and Lq. 

T = Temporal identifier for Ln and Lq. 

Q = Quality identifier for Ln and Lq. 

M = MOS estimated. 

Q = Quality retained. 

R = Bitrate  

U = Bandwidth Utilization. 

S = Savings 
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 Table 4.4.2 Formulae   
 

 
Index 

 
Variable 

 
Combined Scalability 

 
Quality Scalability 

  
1 

 
L 

 
Ln = 5! + ! 

 
Lq =  5! + ! 

 
2 

 
Q     ! !   =   

! !   − 1
! (1,4,0) − 1

       ! !   =   
! !   − 1

! (1,4,1) − 1
 

 
3 

 
U ! !   =   

! !  
! 1,4,0

 ! !   =   
! 1,!, 0
! 1,!, 1

 

 
4 

 
            S 

 

! !    =1 – ! !    
 

! !    =1 – ! !    
 
 Table 4.4.2 shows the terminology used for formulating the layer numbers 
from the D, T, Q identifiers. Formulae for Quality-retained, Bandwidth Utilization and 
Savings for combined scalability and quality scalability are given in the rows 2,3, and 4 
respectively.  
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 Table 4.4.3 Trade-off between Savings and Quality 
  
Video sequence ! ! !     [%] ! !     [%] ! !     [%] (! + !) !     [%] 

Bus (0,0,0) 9.5 90.5 26.8 117.3 
Bus (0,1,0) 12.9 87.1 22.9 110 
Bus (0,2,0) 17.0 83.0 35.1 118.1 
Bus (0,3,0) 21.7 78.3 40.8 119.1 
Bus (0,4,0) 27.1 72.9 44.2 117.1 
Bus (1,0,0) 36.0 64.0 28.3 92.3 
Bus (1,1,0) 48.5 51.5 32.8 84.3 
Bus (1,2,0) 63.2 36.8 44.0 80.8 
Bus (1,3,0) 80.3 19.7 73.6 93.3 
Bus (1,4,0) 100 0 100 100 

Foreman (0,0,0) 10.1 89.9 21.9 111.8 
Foreman (0,1,0) 14.5 85.5 28.9 114.4 
Foreman (0,2,0) 18.9 81.1 37.7 118.8 
Foreman (0,3,0) 23.4 76.6 46.3 122.9 
Foreman (0,4,0) 28.0 72.0 49.3 121.3 
Foreman (1,0,0) 41.2 58.8 22.6 81.4 
Foreman (1,1,0) 53.4 46.6 40.8 87.4 
Foreman (1,2,0) 67.9 32.1 55.9 88 
Foreman (1,3,0) 83.3 16.7 74.8 91.5 
Foreman (1,4,0) 100 0 100.0 100 
Football (0,0,0) 6.6 93.4 24.2 117.6 
Football (0,1,0) 10.2 89.8 26.5 116.3 
Football (0,2,0) 15.7 84.3 30.8 115.1 
Football (0,3,0) 22.7 77.3 40.5 117.8 
Football (0,4,0) 30.0 70.0 47.9 117.9 
Football (1,0,0) 21.7 78.3 24.7 103 
Football (1,1,0) 33.0 67.0 28.0 95 
Football (1,2,0) 53.4 46.6 38.0 84.6 
Football (1,3,0) 74.0 26.0 69.1 95.1 
Football (1,4,0) 100.0 0 100 100 
Mobile (0,0,0) 9.8 90.2 21 111.2 
Mobile (0,1,0) 11.8 88.2 25.7 113.9 
Mobile (0,2,0) 14.4 85.6 29.5 115.1 
Mobile (0,3,0) 16.7 83.3 30 113.3 
Mobile (0,4,0) 18.7 81.3 26.2 107.5 
Mobile (1,0,0) 46.5 53.5 25.5 79 
Mobile (1,1,0) 56.9 43.1 35.5 78.6 
Mobile (1,2,0) 70.7 29.3 54.2 83.5 
Mobile (1,3,0) 86.0 24.0 86.5 110.5 
Mobile (1,4,0) 100.0 0 100 100 
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 Table 4.4.3, shows trade-offs between Savings and Quality for all the video 
sequences. The first column indicates the name of video sequence. Second column indicates 
Spatial, temporal and Quality (D,T,Q) identifiers. Third column indicates percentage of 
bandwidth utilization that indicates the consumption in bitrate in comparison with the 
maximum consumed bitrate. Fourth column indicates percentage of quality retained. Fifth 
column indicates the sum of savings and quality. Sixth column indicates the sum of savings 
and quality in percentage. It can be observed that, with the increase in percentage of savings, 
the retained quality  ! !    decreases. It can be noticed from the Bus sequence that a good 
trade-off between the savings and quality retained is achieved in layers (0,2,0), (0,3,0), 
(0,4,0),  (1,1,0,) and (1,2,0). From the fifth column, it can be observed that substantial video 
quality around 40-50 (%) is retained even though the savings are considerably high around 
40 to 80 (%). From the sixth column (S+Q), all the layers with the values greater than 100 
are considered as the region of interest in determining the trade-off in savings and quality. It 
can be noticed that all the sequences have values greater than 100 within the Base Layer 
range i.e. from (0,0,0) until (0,4,0). This occurrence is due to higher bandwidth utilization 
yielding sufficiently higher quality. Where as, the layers with the values of S+Q less than or 
equal to 100 do not retain sufficient quality with respect to the increase in the savings. In 
case of layers in the Enhancement region, the trade-off is not as effective as in the Base 
layers. Similar quality achieved in Base Layer is maintained at an expense of higher 
bandwidth utilization. Transmission of streams within the Base Layer region would retain 
sufficient quality at lower transportation cost (in terms of bandwidth). This interprets a good 
trade-off in savings and quality for the Base Layer region for all the sequences.  
 
 

 
  
 Fig. 4.4.1 Trade-off between savings and quality for Bus sequence. 
 
 Figures 4.4.1, 4.4.2, 4.4.3, and 4.4.4 show the Trade-off between the 
savings and quality for Bus, Foreman, Football, and Mobile sequences. The x-axis stands for 
the number of layers and the y-axis gives the comparison in pairs i.e. S denotes savings and 
Q denotes quality retained. The layers are numbered in 0 to 9, which corresponds to the 
D,T,Q identifiers from (0,0,0) to (1,4,0) respectively.  Mapping between the layer numbers 
and the corresponding codes are given in the Table 4.4.2. A general observation from the 
bars can be inferred that an acceptable trade-off is obtained at layers 2,3,4, and 6 that 
correspond to the identifiers (0,2,0), (0,3,0), (0,4,0), (1,1,0). This identification is due to the 
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increase in the temporal levels within the Base Layer. Optimum bitrate allocation for the 
layers 2,3,4,5 and 6 has yielded a good trade-off between Savings and Quality, where the 
gain in quality is more when savings are on higher side as well. Layer (1,1,0) that belongs to 
the Enhancement Layer exhibits good trade-off due to the rise in the Dependency identifier 
(D) from 0 to 1 even though the temporal id is 1. Rise in the dependency id compensates for 
the lower temporal id (1) for layer 6. Thus a good trade- off can be seen at layer 6 due higher 
dependency id.  
 

 
 
 Fig. 4.4.2 Trade-off between savings and quality for Foreman sequence. 

 

 
 
 Fig. 4.4.3 Trade-off between savings and quality for Football sequence. 
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 Fig. 4.4.4 Trade-off between savings and quality for mobile sequence. 
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4.5 Plots of Quality versus bandwidth for combined scalability 
 

 
  
 Fig. 4.5.1 Bandwidth vs. quality for all layers of Bus sequence  
 
 Figures 4.5.1, Figure 4.5.2, Figure 4.5.3 and Figure 4.5.4 shows the plot 
for percentage of bandwidth utilization (U) versus percentage of quality retained (Q) for 
Bus, Foreman, Football and Mobile sequences respectively. The x-axis denotes percentage 
of Bandwidth Utilization and the y-axis denotes the percentage of Quality retained for all 
the figures. The curves indicate the percentage of Bandwidth Utilization (U) as a function 
of the spatial, temporal and quality identifiers, which are denoted from 0 to 9. Layer 
number 0 corresponds to (0,0,0), layer number 1 corresponds to (0,1,0) and so on where 
layer 9 corresponds to (1,4,0) respectively. From the curves, it can be observed that a 
linear relationship is maintained among the sequences Bus and Foreman for all the layers 
in the regions corresponding to the Base and the Enhancement Layers. The general trend 
observed from the dependencies shows that the vectors (0,4,0), (0,3,0), (1,1,0), and (1,2,0) 
achieve acceptable quality by utilizing only 30 to 70 percent of bandwidth that correlates 
with the observations found in Figure 4.4.1. It can also be noticed at the index (1,0,0), that 
increase in Bandwidth Utilization has not retained enough quality due to lowest temporal 
level 0. This identification can infer that a good trade-off can be obtained if the temporal 
identifiers are greater than 2 in Base Layer regions and if the temporal identifiers are 1 and 
2 in Enhancement Layer region.  
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 Fig. 4.5.2 Bandwidth vs. quality for all layers of Foreman sequence  
 
 It can be observed from Figure 4.5.2 that the curve has high similarity with 
the Bus sequence. The behavior of the dependencies (D,T,Q) follows a similar trend as 
observed in case of Figure 4.5.1. 
 
 

 
  
 Fig. 4.5.3 Bandwidth vs. quality for all layers of Football sequence  
  
 It can be observed from the figure that optimal Bandwidth Utilization 
occurs in the layers (0,3,0), (0,4,0), (1,2,0) and (1,3,0). There is a high difference in Q due to 
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the difference in the temporal levels i.e. from (0,4,0) to (1,0,0). A more detailed discussion is 
given in chapter 5.  
 

 
 
 Fig. 4.5.4 Bandwidth vs. quality for all layers of Mobile sequence  

  
 Figure 4.5.4 shows a different behavior compared to the Figures 4.5.1, 
4.5.2, and 4.5.3. The curve as a function of layers varies from the previous figures. It can be 
noticed that the Base Layer region has retained lower quality of about 20 to 30 percent even 
though the Bandwidth utilization has increased. This states that the dependency identifier 
(D) has important role in retaining the video quality. The layers (1,1,0), (1,2,0) has retained 
higher quality at 70 to 80 percent Bandwidth utilization. This is due to D, which is raised 
from 0 to 1.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  47 

4.6 SNR Scalability 
 
 In this section, an overview of SNR scalable streams in terms of savings vs. 
quality is provided. This section presents the streams that contain two quality layers (0 and 
1). Comparison is made with the stream containing additional quality layer with the stream 
containing no quality layer. Streams that have same temporal levels are compared. For 
instance the stream with the DTQ values (1,4,1) are compared with (1,4,0). The tabular 
representation shows overview of the savings and the retained quality. 
  
 Table 4.6.1 Savings vs. quality for SNR scalable streams 
 

Video sequence !(1,T,0) !(1,T,1) ! !     [%] ! !     [%] ! !    [%] 
! + ! !    

[%] 

Bus (1,0,0) (1,0,1) 31.9 68.1 74.3 142.4 

Bus (1,1,0) (1,1,1) 30.8 69.2 76.9 146.1 

Bus (1,2,0) (1,2,1) 32.5 67.5 76.9 144.4 

Bus (1,3,0) (1,3,1) 34.2 65.8 25.6 91.4 

Bus (1,4,0) (1,4,1) 36.1 63.9 25.6 89.5 

Foreman (1,0,0) (1,0,1) 15.5 84.5 53.8 138.3 

Foreman (1,1,0) (1,1,1) 13.8 86.2 56.4 142.6 

Foreman (1,2,0) (1,2,1) 13.6 86.4 64.1 150.5 

Foreman (1,3,0) (1,3,1) 13.1 86.9 64.1 151 

Foreman (1,4,0) (1,4,1) 13.2 86.8 28.2 115 

Football (1,0,0) (1,0,1) 32.9 67.1 58.9 126 

Football (1,1,0) (1,1,1) 30.8 69.2 58.9 128.1 

Football (1,2,0) (1,2,1) 29.6 70.4 58.9 129.3 

Football (1,3,0) (1,3,1) 27.7 72.3 58.9 131.2 

Football (1,4,0) (1,4,1) 26.0 74.0 25.6 99.6 

Mobile (1,0,0) (1,0,1) 22.2 77.8 71.7 149.5 

Mobile (1,1,0) (1,1,1) 20.6 79.4 76.9 156.3 

Mobile (1,2,0) (1,2,1) 22.9 77.1 76.9 154 

Mobile (1,3,0) (1,3,1) 22.1 77.9 76.9 154.8 

Mobile (1,4,0) (1,4,1) 23.4 76.6 25.6 102.2 
 
 Table 4.6.1 shows the percentage of bandwidth utilization (U), percentage 
of bandwidth savings for layers without quality levels, and also their respective retained 
quality (Q) for Bus sequence. Column 1 stands for the video sequence name, column 2 and 
column 3 stands for D,T,Q identifiers.  Column 4,5 and 6 stands for percentage of utilization 
in bandwidth, percentage of savings in bandwidth and the percentage of retained quality (Q) 
respectively. Column 7 indicates the sum of savings and quality in percentage. It can be 
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observed from column 5, that Q is high (around 80 %) for the layers with temporal levels 
0,1, 2. From the seventh column, it is interesting to notice that all the sequences except Bus 
sequence have values (S+Q) greater than 100 for the identifiers (1,0,0), (1,1,0) and (1,2,0) 
and (1,3,0). Values in-between 100 to 156 can be observed for the layers 0,1,2 and 3 for 
Foreman, Football, and Mobile sequences. This occurrence is due to substantial video 
quality being retained even though the savings are also on the higher side as well. This is an 
important observation that not much quality is lost even though a lower quality layer is 
transmitted, where as the savings are on the higher side. This observation is due to fidelity in 
terms of Y-PSNR, U-PSNR, and V-PSNR not being affected when a downsampled version 
in quality domain is extracted. This is a very interesting case, which infers that transmitting a 
higher quality layer does not gain a lot in quality but consumes lot of bandwidth.    
 
   

 
   
 Fig. 4.6.1 Trade-off between savings and quality for Bus sequences. 
 
 Figures 4.6.1, Figure 4.6.2, Figure 4.6.3 and Figure 4.6.4 show the trade-off 
between savings and quality for Bus, Foreman, Football and Mobile sequences. The x-axis 
denotes the percentage of savings and the y-axis denotes percentage of quality retained. The 
curves show the quality achieved for the savings in bandwidth as a function of layers 
without quality levels (0,T,0). It can be observed from Fig. 4.6.1 that the Bus sequence 
retained low quality at temporal levels 0 and 1. All the rest of the sequences retained low 
quality of around 25 to 30 percent at lowest temporal levels observed at the index (1,0,0). 
This occurrence is due to the reduction of frames in lower temporal levels, which leads to a 
high deviation in Y-PSNR, U-PSNR, and V-PSNR. It can be noticed that the savings are on 
the higher side of around 60 to 80 and the quality retained is also on the higher side around 
60 to 70 percent for Foreman, Football and Mobiles incase of the temporal identifier (T) 
greater than 0. This occurrence is due to the higher temporal levels.   
 
 
 
  



  49 

 
 
 Fig.4.6.2 Trade-off between savings and quality for Foreman sequence. 

   
 It can be observed that the Figure 4.6.2 follows similar trend as observed in 
Figure 4.6.1 for the indexes (1,2,0), (1,3,0), (1,4,0). In this case, a good video quality of 
around 60 percent is retained for the layer (1,1,0), which has not been the case in the Bus 
sequence. This is due the video content (Foreman) that is less sensitive to temporal changes.  
 
 

 
 
 Fig. 4.6.3 Trade-off between savings and quality for Football sequence. 

 
 The curve for Figure 4.6.3 follows a similar trend as observed in Figure 
4.6.2.  
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 Fig. 4.6.4 Trade-off between savings and quality for Mobile sequence. 

 
 Figure 4.6.4 it can be noticed that the layer (1,0,0) has retained lowest 
quality compared to all the other layers. This behavior also follows the trend for Foreman 
and Football sequences. From the trade-off curves, it can be inferred that the layers with 
identifiers (1,1,0), (1,2,0), (1,3,0) and (1,4,0) retain good quality without a quality layer and 
are recommended for transmission.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  51 

4.7 Plots of bandwidth versus quality for SNR scalability 

 
 

 
 
 Fig. 4.7.1 Bandwidth vs. quality for Bus sequence  
 
 Figures 4.7.1, 4.7.2, 4.7.3, 4.7.4 show the plot of Bandwidth utilization 
versus the retained quality (Q) for Bus, Foreman, Football and Mobile sequence 
respectively. The x-axis denotes percentage of bandwidth utilization; the y-axis denotes 
percentage of quality retained. The curve indicates the quality retained for percentage of 
bandwidth utilization as a function of the identifiers from (1,0,0) to (1,4,0) (from the table 
3.3.4). The comparison is done between layers without quality identifier (1,T,0) and the 
layers with quality identifier (1,T,1). A very good trade-off between the bandwidth and the 
retained quality for all the sequences can be seen. It can be observed that the quality drops at 
the points (1,1,0) and (1,0,0) for the Bus sequence and at (1,0,0) for all other sequences. This 
behavior shows high correlation with Fig. 4.6.1, Fig.4.6.2, Fig. 4.6.3, and Fig. 4.6.4, which 
infer that lower temporal levels with value of T equal to 0 or 1 in quality scalability are not 
preferred for transmission even though the bandwidth utilization is less.  
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 Fig. 4.7.2 Bandwidth vs. quality for Foreman sequence  
  
 From the Figure 4.7.2, it can be noticed that quality drops only at the index 
(1,0,0) due to lower temporal level. All the other four layers have retained sufficiently high 
quality by utilizing only 13 to 16 percent of the bandwidth.   
 

 
 
 Fig. 4.7.3 Bandwidth vs. quality for Football sequence  
 
 From the Fig. 4.7.3, the curve follows a similar behavior compared to Fig. 
4.7.2.   
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 Fig. 4.7.4 Bandwidth vs. quality for Mobile sequence  
 
 
 It can be noticed that in Fig. 4.7.4, the dependencies follow similar 
characteristics as observed in Fig. 4.7.2 and Fig. 4.7.3.  
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5       INTERPRETATION 
  
 Considering the objective scores in section 4.1, the drop in MOS scores at the 
identifiers (1,4,0) and (1,0,0) is due to the reduction of temporal levels. There is only one 
temporal level at (1,0,0) and (0,0,0) and hence the video quality peaks downwards to a large 
extent. While focusing on the Base Layer region, the MOS score is raised at the point (0,4,0) 
as it has all the temporal levels. Finally at the lowest spatial and temporal level 
corresponding to point (0,0,0) the least MOS score is observed due to lower spatial and 
temporal components at the particular point. Upsampling in spatial domain results in a lower 
MOS score when compared to the Enhancement Layers. While moving into the reference 
layer (Base Layer) there are differences in the shape of curves between Mobile sequence and 
the rest of the sequences. Mobile sequence exhibits a noticeable difference with the other 
sequences. This is due to the effect of upsampling the Mobile sequence that had lot of 
information in spatial domain. Moving into the Enhancement Layer, Mobile sequence 
exhibits highest MOS from layer (1,4,0) to layer (1,2,0) where as Foreman sequence has 
highest MOS score between the layers 5 to 7. This observation is due to presence of less 
temporal details in Mobile sequence, which has less effect even if the temporal layers are 
reduced. As the Football sequence has more temporal details it undergoes sharp reduction of 
quality at lower temporal levels (1,1,0) and (1,0,0) on the Enhancement Layer. Whereas the  
Football sequence re-gains the quality at layer (0,4,0) due to higher temporal identifier (4). 
In the Base Layer regions, spatial content of the sequence is upsampled. The MOS for Bus 
and Foreman sequences lies in between Football and Mobile in both Enhancement and Base 
Layer due to the even nature of their spatial and temporal domains. The nature of the curves 
illustrate that sequences having more information on temporal domain exhibit drops on MOS 
in the Enhancement layer, where as the sequences with more information on spatial domain 
exhibit more losses on the Base Layer. 
 
 While paying attention for the resource allocation (in terms of bitrate) for 
the four sequences specified, a linear relationship for all the sequences can be observed 
within Base and Enhancement Layers. Mobile sequence maintains constant MOS for the 
bitrates in the Base Layer irrespective of increase in bitrates, which was noticeable from the 
curves. This is due to the impact of spatial upsampling that had more information on spatial 
domain. While moving into the region of higher bitrates, Mobile sequence re-gains its 
quality. All the sequences undergo drops in MOS at both Base and Enhancement Layer at 
lower temporal levels irrespective of a higher resources (Bitrates) being allocated. Allocation 
of bitrates depends on the amount of spatial and temporal details contained in the video 
content. Soccer has been allocated with highest bit rate due to the amount of temporal 
information contained in the sequence. Foreman has least range of Bitrate due to spatial and 
temporal dependencies contained in the video. Unless the temporal levels are high, 
extracting a substream with higher bitrates would not necessarily deliver a good quality. 
  
 While focusing on section 4.2, PSNR and MOS exhibit correlations except 
for the case of Football, which follows a linear relationship all through the curve. The drop 
in MOS is not as sharp as it was in the case of fig. 4.1.1 for the Football sequence. Foreman 
sequence suffered with the highest loss of fidelity in the Enhancement Layer while Mobile 
had undergone highest drop out in the Base Layer that was noticeable in both sections 4.1 
and 4.2. This phenomenon of occurrences incase of PSNR values validates the results 
obtained in MOS vs. number of layers.   
 
 From section 4.3, subjective interpretation can be made based on the 
acceptability of the video sequences, Bus and Foreman. While focusing on the quality of 
temporally reduced layers, there was a high degree of rejection even though the Bus 
sequence achieved some acceptance. Foreman sequence had a different content in which 
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users are focused on to the psycho visual artifacts occurred while temporal reduction and 
hence yielded no acceptance in this case. In case of both spatial and temporal reduction the 
results were also similar but exception in the Bus sequence, where the people were unable to 
capture the movements on a low spatial resolution. The video content plays a vital role in 
grabbing user attention, which was quite evident from the two different kinds of sequences. 
  
 Considering the test2 case, the percentage of acceptability was high in case 
of Foreman, when moving on to one lower temporal level. Bus sequence had more temporal 
details and users are spontaneous to react to the temporal changes in Bus sequence rather 
than the Foreman sequence that had psycho visual experience on the users. Another case of 
user perception was noticeable when moving on the base layers that were upsampled both 
spatially and temporally. There was a certain degree of compensation for temporal details 
being lost in the Base Layer.  
 
 Considering the section 4.4, in case of the Bus sequence, Foreman, and 
Football sequences, all the layers in the Base Layer region have a good trade-off between the 
cost and quality. In case of Mobile sequence, reasonable trade-off is also obtained at the 
Enhancement Layer region at (1,3,0). This is due to nature of the content, which is not as 
sensitive to temporal changes as the rest of the video sequences. All the sequences except 
Mobile sequence have best trade-off at the identifier (0,4,0). It is interesting to interpret that 
Mobile sequence has best trade-off between savings and quality at (0,2,0) instead of (0,4,0). 
Considering the layer with lowest temporal id (0), the quality by a factor of 0.4 times the 
original quality is still maintained even though the bandwidth reduction is 90 percent. This is 
due to the bitrate allocation for Base and the Enhancement Layers. Higher bitrates are 
allocated to the Enhancement Layers compared to the Base Layer. In a congested network 
state, transmitting a stream containing the Base Layers would retain acceptable video 
quality. A similar behavior in trade-offs for the other three sequences is observed.   
 
 From the section 4.5, curves for Bus and Foreman sequences are similar to 
each other where as the curves for Football and Mobile vary in comparison with all other 
sequences. In case of the Football sequence, non-linear behavior at the indexes (0,4,0) for 
each variable bandwidth and quality is noticed. This is due to the non-uniform bitrate 
allocations for each of the sequences. Mobile sequence exhibits constant quality factor 
irrespective of gain in the bandwidth from 20 to 50 percent. In the region of Enhancement 
Layers there exist a linear relationship among the variables. Incase of Football sequence the 
quality level drops down at layer 5 having the D,T and Q identifiers as 1, 0 and 0 
respectively. This phenomenon is due to the lower temporal levels at layer 4. It can be 
observed in all the cases that there is non-linearity occurring among variables at the points 
(0,4,0) and (1,0,0) as the temporal identifiers are decreased from 4 to 0. This is the transition 
point from the base to the Enhancement regions that makes an impact on video quality 
irrespective of increase in bandwidth. Among all the sequences except the Mobile sequence 
there is a good trade-off between bandwidth and quality at point (0,4,0) that has all the 
temporal levels. 30 percent utilization in bandwidth yields approximately 60 percent of 
quality. This is not the same in Mobile sequence as the quality of only 40 percent is retained 
for bandwidth utilization of 20 percent. This occurrence is due to upsampling in spatial 
domain. As the nature of the content is more sensitive to the spatial domain, upsampling it in 
spatial domain had obvious impact.   
 
 While moving onto the quality scalable scenario, the quality is retained by a 
factor of 0.6-0.7 times the original quality, even though the bandwidth reduction is 80-85 
percent. There is a very good trade-off between the savings and the quality except temporal 
level 0 for Foreman, Football, and Mobile sequences. In case of Bus sequence, there is a 
good trade-off between savings and quality for temporal levels 2, 3, and 4. Transmitting a 
stream without a quality layer also maintains a good video quality and also optimizes the 
bandwidth utilization. All the sequences exhibit drop in video quality at temporal level 0 and 
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is not recommended for transmission. This is due to the lower temporal identifier that does 
not yield desired PSNR.  
  
 While moving onto section 4.7, a quality factor of 0.8 is being maintained 
where as the usage of bandwidth is only 30 percent. So, transporting a stream without a 
quality identifier not only retains quality but also preserves a lot of bandwidth. There is not 
so much difference in the behavior of quality degradation for the sequences Foreman, 
Football, and Mobile. Among all the sequences, stream containing the index (1,0,0) is 
considered poor in terms of video quality, even though it saves bandwidth.  
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6         CONCLUSION 
 
6.1 Conclusions and future scope 
 
 The research work addresses the scalability aspects of video coding and 
gives an overview on the structure of SVC with insights into the spatial, temporal and quality 
scalabilities. The research work starts with the necessity of scalability to support robustness 
in a network scenario. The impact of scaling a video stream and its effect on video quality to 
an end user is measured in both objective and subjective contexts. A methodology was 
implemented that illustrates the possibilities of scaling a single stream into several layers. 
Recommendations to the client about the degradations when moving from the Enhancement 
layer to the Base layer were provided in a systematic way. This work explores the tradeoffs 
between quality and resource consumption in terms of bitrate allocation for each substreams.  
 
 A detailed insight into the hierarchal prediction structures was given and 
the necessary interpolations required for compatibility in video testing were provided. The 
method of extracting a bit stream to support a target application or device has been projected 
in chapter 3 of our research work. Two test cases are considered, which investigate the effect 
of sampling the videos in both spatial and temporal domains in the objective scenario and 
also on the end-user QoE. A test methodology was employed that illustrates the necessary 
configurations required to encode a video into scalable mode. Challenges faced when 
decoding a temporally downsampled layer and the techniques to overcome challenges in 
temporally downsampled layers were discussed.  
 
 Our results throw light into the quality degradations corresponding to 
different scalable layers and give recommendations to the client to decode a specific layer 
depending on the limitations in the network scenario or the capability of the decoding device. 
Implications on how the users react when moving on to different layers have been 
investigated in our research work. The factors that influence the QoE from the users 
perspective have been investigated. The method of allocating resources based on the traffic 
conditions makes efficient utilization of network resources and also maintains desired 
Quality of Experience (QoE). Most importantly, the research work also addresses the layers 
that meet the demands of user QoE at lower resource consumption. 
 
 Details on the quality layers and the methodology to compare video quality 
streams when quality scalable structures are employed have been given. The plots of savings 
versus quality and also bandwidth versus retained quality give insight into the trade-off 
occurring among the variables. Recommendations on layers to be transported to achieve 
good perceptual video quality at lower bandwidth consumption have been discussed. On the 
other side, layers that do not meet the demand in QoE are also illustrated.  
 
 Our work can be extended to the internet environment by investigating the 
impact of scaling on the network scenario through imposing the video streams to network 
disturbances like delay or packet loss at the network layer. The scalable streams can be 
collected at a client by streaming over a server and the collected streams can be checked for 
video quality. Thus, the impact of transmitting downsampled layer in an erroneous network 
condition can be examined.  
  
 The experiment is carried out with default settings of video coding 
parameters. Changing the video coding parameters like coding order and GOP can lead to 
interesting results. Smoothening the quality degradation curve would in turn map for much 
better QoE and video quality assessment can be performed by varying the encoding 
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parameters. The research work is limited to CIF format and for single Enhancement layer. 
Further work can be done for 4CIF formats with varying GOP sizes and Enhancement layers.  
 
 
6.2 Answers to the research questions 
 
 The research questions from section 1.3 and the answers are given below. 
 
1. When a spatially or temporally downsampled bit stream is not upsampled in either spatial 
or temporal domain, what impact does it have on subjective video quality? 
A: If the temporal downsampled bit stream is not upsampled then the subjective video 
quality degrades to large degree depending on the video content. For a video stream 
containing higher temporal details, the degradation is not as high as the one with lower 
temporal details. When a spatial downsampled layer is not upsampled, it exhibits less 
degradation on the subjective video quality compared to a temporal downsampled layer and 
is validated from the user opinions where the spatial downsampled video has achieved 
significant acceptance. 
 
2. When a downsampled bit stream in SNR scalability is not upsampled, what impact does a 
SNR downsampled layer have on objective video quality? 
A: When a downsampled stream corresponding to SNR (Quality) is extracted, the resulting 
substream maintains a good video quality in comparison with the stream that contains a 
quality layer. The downsampled stream in the quality domain retains a good perceptual video 
quality when compared with the stream containing one additional quality level. Degradations 
in MOS are only observed at lower temporal levels (1,0,0) and (1,1,0).  
 
Q3. What is the impact of removing and reconstructing a spatial and temporal downsampled 
layer on both subjective and objective video quality? 
A: When the scalable layers are removed and reconstructed starting from the Enhancement 
Layers, the objective video quality decreases in a linear fashion until the Base Layer and the 
video quality is regained at the layer with index (0,4,0). Non-linear behavior occurs while 
switching from the Enhancement Layer to the Base Layer. In case of subjective video 
quality, the degradation is similar to the objective scores on the Enhancement Layer range. 
Where as on the Base Layer range, the degradation is not as high as degradations in objective 
video quality. 
   
Q4: Which scalable layers would meet the QoE demands at lower resource consumption for 
both objective and subjective ratings? 
A: On the Enhancement Layer range, the scalable layer with index (1,3,0) consisting of 
second highest temporal level meets the requirements of sufficiently high QoE. Layers 
consisting of higher temporal levels meet QoE requirements for usage. On the Base Layer 
range, scalable layer with index (0,4,0) containing all the temporal levels achieves acceptable 
QoE. Similar behavior is followed in subjective context on the Enhancement Layer range. 
Minor differences are observed on the Base Layer range. Base Layers achieved higher 
acceptance in the subjective context in comparison with the objective one. Scalable layer 
with index (0,4,0) achieved higher acceptance than the objective case.  
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Appendix 
 
1.FFMPEG Commands: 
 
A. To convert a CIF video in YUV container to an AVI container using raw codec. 
 
sh# ffmpeg –s 352X288 –i input.yuv –sameq –vcodec rawvideo –r 30 –s 352x288 output.avi 
 
B. For spatial upsampling of QCIF to CIF  
sh# ffmpeg –i inputQCIF.avi –sameq –vcodec rawvideo –r 30 –s 352x288 outputCIF.avi 
 
2. JSVM commands: 
 
A. To run the main configuration file: 
sh# /User/local/jsvm/bin/ H264AVCEncoderLibTestStaticd –pf main.cfg 
 
B. To run the main configuration file in SNR scalable mode: 
 sh# /User/local/jsvm/bin/ H264AVCEncoderLibTestStatic –pf main.cfg -lqp 0 30 -rqp 0 
32 -lqp 1 24 -rqp 1 26 
 
 
3. Matlab script for frame duplication: 
   
test.m % Test file which indicates the video sequence to be duplicated 
clear all 
close all 
clc 
Inmov= mmreader('decwith5layers.avi'); %using the function to read the AVI   
 
%N Number of Intermediate views or duplicates between frames  
 
N=4; % varies for each temporal level 
 
Dupmov = duplicate(Inmov,4); %calls the function      
 
duplicate.m 
function Dupmov = duplicate(Inmov,N) 
 
%N=Number of intermediate frames  
 
nFrames = Inmov.NumberOfFrames; 
Indexstart=1;   
 
for k = 1: nFrames 
 
    Indexend=k*N; %using the duplication factor N 
    Indexrange=Indexstart:Indexend; 
    Indexstart=Indexend+1; 
    for i=1:N 
    [mri(:,:,:,Indexrange(i))] = read(Inmov, k); 
     end 
 
end 
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Dupmov = immovie(mri); 
 
movie2avi(Dupmov, 'DuplicateMovie.avi', 'compression', 'None', ‘fps’, ‘30’); 
 
 
4. Plots of Quality versus Time for all the layers corresponding to spatial and temporal 
scalability obtained from PEVQ tests. 
 
  Fig.1 Bus sequence with 9 layers 
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Fig. 2  Bus sequence with 8 layers 
  

 
 
  
 
 Fig.3 Bus sequence with 7 layers 
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 Fig.4 Bus sequence with 6 layers 
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 Fig.5 Bus sequence with 5 layers 
 

 
 
  
 
 
 
 
 Fig.6 Bus sequence with 4 layers 
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 Fig. 7 Bus sequence with 3 layers 
 

 
  
 
 
 
 
 
 
 
 Fig. 8 Bus sequence with 2 layers 
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 Fig .9 Bus sequence with 1 layer 
 

  
 
 
 
 
 
 Fig . 10 Bus sequence with layer 0 
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 Fig. 11 Foreman sequence with all layers 
 

 
 
 
 
 
 
 
 
 Fig. 12 Foreman sequence with 8 layers 
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Fig. 13 Foreman sequence with 7 layers 
 

 
 
 
 
 
 
 
 
 Fig. 14 Foreman sequence with  6 layers 
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 Fig. 15. Foreman with 5 layers 
 

 
 
 
 
 
 
 
 Fig. 16 Foreman sequence with 4 layers 
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 Fig. 17 Foreman sequence with 3 layers 
 

 
 
 
  
 
 

Fig. 18 Foreman sequence with 2 layers 
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 Fig. 19 Foreman sequence with 1 layer 
 

 
 
 
 
 
  
 

Fig. 20 Foreman sequence with layer 0 
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 Fig. 21 Football sequence with all layers 
 

 
 
 
 
 
 
 
 
 Fig. 22 Football sequence with 8 layers 
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 Fig. 23 Football sequence with 7 layers 
 

 
 
 
 
 
 
 
 
 Fig. 24 Football sequence with 6 layers 
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 Fig. 25 Football sequence with 5 layers 
 

 
 
 
 
 
 
 

Fig. 26 Football sequence with 4 layers 
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 Fig. 27. Bus sequence with 3 layers 
 

 
 
 
 
 
  

Fig. 28 Football sequence with 2 layers 
 

  
 



  75 

 Fig. 29 Football sequence with 1 layer 
 

 
 
 
 
 
 
 
  
 

Fig. 30 Football sequence with layer 0 
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Fig. 31 Mobile sequence with all layers 
 

 
 
 
 
  

Fig. 32 Mobile sequence with 8 layers 
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Fig. 33 Mobile sequence with 7 layers 
 

 
 
 
 
 
 
 
 Fig. 34 Mobile sequence with 6 layers 
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Fig. 35 Mobile sequence with 5 layers 
 

 
 
 
 
 
 
 
 
 
 Fig. 36 Mobile sequence with 4 layers 
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 Fig. 37 Mobile sequence with  3 layers 
 

 
 
 
 
 
 
 
 Fig. 38 Mobile sequence with 2 layers 
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 Fig. 39 Mobile sequence with layer 0 
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