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Abstract— H.264/AVC Scalable Video Coding (SVC) aims at 

providing high video quality to users in heterogeneous multimedia 
usage environments. In order to create an adapted bitstream in an 
optimal way, an adaptation decision-taking algorithm is needed. 
This algorithm has to take into account the capabilities and the 
constraints of the targeted usage environment, as well as the 
properties of the scalable bitstream. In this paper, description 
tools part of MPEG-21 Digital Item Adaptation (DIA) are used to 
characterize usage environments and scalable bitstreams, such as 
Usage Environment Description (UED), Universal Constraints 
Description (UCD), and Adaptation Quality of Service 
(AdaptationQoS). Further, we also propose an adaptation 
decision-taking algorithm for the exploitation of Medium Grain 
Scalability (MGS) in SVC. This algorithm was implemented in an 
Adaptation Decision-Taking Engine (ADTE). Our experimental 
results demonstrate the efficiency of the proposed adaptation 
decision-taking algorithm for the exploitation of MGS in SVC. 
 

Index Terms—ADTE, MGS, MPEG-21 DIA, SVC 
 

I. INTRODUCTION 
Quality of Service (QoS) is a major goal when creating a 

Universal Multimedia Access (UMA) environment [1]. To 
guarantee QoS in diverse usage environments, video adaptation 
is an essential technique. H.264/AVC Scalable Video Coding 
(SVC) [2] is the most recent example of a One-Source 
Multi-Use (OSMU) based video coding method: it allows 
creating compressed video bitstreams that can be adapted in 
multiple ways to meet the capabilities and constraints of diverse 
usage environments. Further, an Adaptation Decision-Taking 
Engine (ADTE) can be used to determine a feasible adaptation 
strategy, taking into account the scalability properties of a 
particular bitstream and the capabilities and constraints of a 
particular usage environment [3], [4], [5]. 

 In order to communicate the properties of a usage 
environment to an ADTE, description tools part of MPEG-21 
Digital Item Adaptation (DIA) can be used [6], such as Usage 
Environment Description (UED), Universal Constraints 
Description (UCD), and Adaptation Quality of Service 
(AdaptationQoS). The use of these description tools has been 
described before in [7], [8], and [9]. 

SVC supports three forms of scalability: spatial, temporal, 
and Signal-to-Noise Ratio (SNR) scalability. Spatial scalability 
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is realized by coding the video data at multiple spatial 
resolutions, where information from lower spatial layers is 
reused to code information at higher spatial layers. Temporal 
scalability is achieved through the use of hierarchical B pictures 
[10], while SNR scalability consists of three tools: Coarse 
Grain Scalability (CGS), Medium Grain Scalability (MGS), 
and Fine Grain Scalability (FGS) [11], [12]. Compared to FGS 
and CGS, MGS can provide a feasible number of extraction 
points at a relatively low complexity. Note that FGS is not 
incorporated in the current edition of the SVC standard, due to 
its high complexity. 

In this research, we propose an adaptation decision-taking 
algorithm for exploiting scalability in SVC-compliant 
bitstreams, putting the focus on the use of MGS. In order to 
investigate the efficiency of the proposed adaptation 
decision-taking algorithm, we have constructed a test bed that 
contains an MPEG-21-based ADTE. Our experimental results 
show that the proposed adaptation decision-taking algorithm is 
able to create video bitstreams for diverse usage environments 
with a feasible quality. 

This paper is organized as follows: Section II discusses a 
number of background technologies that help to understand the 
proposed adaptation decision-taking algorithm. Section III 
describes the proposed adaptation decision-taking algorithm in 
more detail. Experimental results are presented in Section IV, 
while Section V concludes this paper. 

II. BACKGROUND TECHNOLOGIES 
This section outlines a number of technologies that help to 

understand our proposed adaptation decision-taking algorithm. 

A.  MGS 
Initially, SNR scalability was only made possible by FGS 

and CGS. FGS allows exercising a fine-grained control of the 
extraction points at the cost of a high complexity, offering a 
high number of extraction points. As for CGS, the number of 
extraction points is significantly lower compared to FGS, while 
coming with a complexity that remains relatively low. 

MGS utilizes a similar coding method as CGS. In particular, 
MGS can be seen as an enhanced version of CGS, introducing 
modified high-level signaling and the concept of key pictures. 
Modified high level signaling enables switching between 
different MGS layers in any access unit. The concept of key 
pictures enables an appropriate tradeoff between drift and 
enhancement layer coding efficiency for hierarchical prediction 
structures. In short, by making use of MGS, it is possible to 
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achieve an increased flexibility in terms of bit rate adaptation at 
the cost of a limited complexity. 

B. Description of the Usage Environment 
For describing the properties of usage environments and 

scalable bitstreams, the UCD, UED, and AdaptationQoS 
description tools can be used. UED describes a usage 
environment in terms of terminal and network characteristics, 
natural environment properties, and user preferences [6]. For 
instance, UED makes it possible to express that the device of an 
end-user is a laptop, having support for SVC and connected to a 
network with an average bandwidth of 500 Kbps. UCD allows 
specifying additional constraints on top of a usage environment 
description (see further). Finally, AdaptationQoS provides 
detailed information on the way a scalable bitstream can be 
adapted, and how this influences the QoS [14]. 

 

 
 

Fig. 1. A simplified AdaptationQoS description. 
 

Fig. 1 shows an example of a simplified AdaptationQoS 
description. Bit rate, spatial scalability, temporal scalability, 
and priority id are described for each extraction point. As for 
spatial and temporal scalability, the scalability values described 
in the actual NAL unit header can be obtained by subtracting 
the scalability values described in the AdaptationQoS 
description from the maximum scalability values used in the 
bitstream. Therefore, contrary to the scalability values 
described in a NAL unit header, the scalability values described 
in AdaptationQoS represent a higher quality (higher resolution, 
higher frame rate) as they approach 0. Further, it is important to 
know that the perceptual video quality increases as the value of 
priority id increases. 

Fig. 2 shows an example of a simplified UCD description, 
constraining the spatial resolution, the frame rate, and the value 
of priority id. In particular, the device of a particular end-user is 
restricted to CIF resolution, a frame rate of 30 Hz, and a 
maximum value for priority id of 40. Due to space limitations, 
other constraints are omitted in Fig. 2. 

C. Adaptation decision-taking for SVC 
As shown in Fig. 3, bitstreams compliant with SVC can be 

adapted in various ways in order to take into account different 
network conditions, device resolutions, and supported frame 
rates. Fig. 3 demonstrates the use of an ADTE. An ADTE is 

capable of determining an optimal adaptation method [8], using 
information stored in the different MPEG-21 descriptions about 
the characteristics of a usage environment and the properties of 
a scalable bitstream.  

 

 
 

Fig. 2. A simplified UCD description. 
 

 
Fig. 3. Scenario illustrating the adaptation and consumption of SVC bitstreams. 
 

Our ADTE consists of an XML parser and an adaptation 
decision-taking algorithm, as illustrated in Fig. 4. The XML 
parser extracts information about the usage environment and 
the scalable bitstream from the MPEG-21 descriptors [6]. 
Using this information, an adaptation decision is taken, which 
is then signaled  to the extractor. The decision takes the form of 
scalability coordinates [D, T, P], where D, T, and P denote 
spatial scalability, temporal scalability, and priority id, 
respectively. Finally, the extractor creates an adapted bitstream, 
taking the scalability coordinates and the original bitstream as 
an input. Since the ADTE uses information about the usage 
environment of each end-user, personalized consumption of 
multimedia content can be made possible. 
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Fig. 4. Internal modules of our ADTE. 

III. ADAPTATION DECISION-TAKING 

A. Proposed Adaptation Decision-Taking Algorithm 
In order to extract a bitstream that is suited for a particular 

usage environment, an ADTE requires an algorithm that 
determines a number of feasible extraction points based on a 
description of the usage environment. Fig. 5 represents a flow 
chart for our proposed adaptation decision-taking algorithm. In 
Fig. 5, D', T', and P' respectively represent spatial scalability, 
temporal scalability, and priority id, as communicated in the 
AdaptationQoS description. Further, D'req, T'req, and P'req 
denote the minimum spatial scalability, temporal scalability, 
and maximum priority id described in the UCD description, 
while T'max denotes the minimum temporal scalability. 

 

  
 

Fig. 5. Flow chart for the adaptation decision-taking algorithm. 
 

As explained in the previous section, the scalability values 
signaled in the AdaptationQoS description are the opposite of 

the values communicated in a NAL unit header. Finally, Bavail 
represents the available network bandwidth, while Bcur 
represents the bit rate at the current extraction point with 
scalability coordinates D', T', and P'. 

The proposed adaptation decision-taking algorithm takes 
into account the spatial resolution, the frame rate, and the visual 
quality. Our algorithm first gives priority to the spatial 
resolution, and subsequently allows selecting perceptual 
quality over temporal resolution, or vice versa, dependent on 
the preferences of the end-user. Since the Human Visual 
System (HVS) is the most sensitive to spatial scalability, 
among the three conventional types of scalability, the highest 
priority is given to preserving the spatial resolution [15]. In 
addition, the bandwidth of the network, i.e. the bit rate per 
second, is also used as an input. In Fig. 5, D', T', and P' are set to 
the quality values as described in the UCD. 

The end-user may prefer a higher perceptual quality over a 
high frame rate, or vice versa. Let us assume that the end-user 
gives a higher priority to the perceptual quality. In a next step, 
the bit rate at the initial scalability coordinates D', T', and P' is 
compared to the available network bandwidth. If the Bitratecur 
is higher than the Bitrateavail, the quality requested by the 
end-user cannot be supported under the current network 
conditions. In that case, the frame rate is decreased till the bit 
rate of the bitstream meets the given network bandwidth. If this 
constraint cannot be met, the picture quality is decreased as 
well. Finally, using the AdaptationQoS description, the values 
obtained for D', T', and P' are converted to appropriate NAL 
unit header values. The converted values f(D', T', P') represent 
the final decision taken by our ADTE. 

B. ADTE Processes 

 
Fig. 6. Processes within our ADTE. 

 
Fig. 6 outlines the different processes within our ADTE. 

First, initial values for the spatial resolution, frame rate, priority 
id, and the network bandwidth are computed by analyzing the 
UED and UCD descriptions. After comparing the acquired 
information with the information in the AdaptationQoS 
description, the final values for spatial scalability, temporal 
scalability, and priority id are determined using the adaptation 
decision-taking algorithm discussed in the previous section. 
The extractor then adapts the original bitstream, based on the 
scalability coordinates received from the ADTE. At this point 
in time, the extractor decides whether a NAL unit should be 
kept or not by checking the scalability coordinates in the header 
of all NAL units of the original bitstream. Finally, the extracted 
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bitstream is transmitted to the end-user and the terminal 
decodes the received bitstream. 

The proposed system utilizing an ADTE for the adaptation of 
scalable bitstreams is depicted in Fig. 7. The server contains an 
ADTE for determining the feasible extraction points. The 
server also contains an adaptation module, which is responsible 
for the actual bitstream extraction. 

 
  

 
 

Fig. 7. Overview of the proposed system. 

IV. EXPERIMENTS 
In order to verify the usefulness of the proposed adaptation 

decision-taking algorithm, we compared the use of MGS to the 
use of CGS. For our experiments, we encoded the Football test 
sequence with JSVM 8.9 [16], using the settings in Table I. 

 
TABLE I 

ENCODING PARAMETERS. 
 

Spatial Temporal QP 
QCIF 3.75, 7.5, 15 40, 34 
CIF 3.75, 7.5, 15, 30fps 43, 37 

 
In a first experiment, we compared the use of extraction 

points in CGS and MGS, assuming that an end-user wants CIF 
resolution video at a frame rate of 30 fps, while having to meet 
a network bandwidth of 900 kbps. Furthermore, the end-user 
wants to have a minimal perceptual quality, by giving priority 
id a value of 40. 

 The red line in Fig. 8 represents the network bandwidth. The 
bit rates obtained at the different extraction points are also 
visualized in Fig. 8. The X-axis in the graph indicates the 
different extraction points as offered by MGS and CGS, while 
the Y-axis indicates the accumulated bit rates. In CGS, 
extraction points are determined by dependency id, temporal 
level, and quality level. On the other hand, for MGS, extraction 
points are determined by dependency id, temporal level, and 
priority id. 

As shown in Fig. 8, CGS only supports one extraction point 
that is below the network bandwidth constraint of 900 kbps. In 
particular, CGS is able to produce a video bitstream with CIF 
resolution, a frame rate of 30fps, and a bit rate of 477.66 kbps. 
On the other hand, MGS supports three extraction points when 
taking into account the network bandwidth constraint of 900 

kbps. In particular, for MGS, the system produces a video 
bitstream with CIF resolution, a frame rate of 30fps, and a bit 
rate of 893.44 Kbps. The corresponding PSNR values also 
prove that MGS with 29.27 dB provides a better video quality 
than CGS with 25.44 dB. In CGS, the flexibility in terms of bit 
rate adaptation is restricted due to a limited number of available 
extraction points. However, for MGS, the number of extraction 
points is higher, offering more flexibility in terms of bit rate 
adaptation. 

 

 
 

Fig. 8. Bit rates according to the available extraction points. 
 

Fig. 9 shows the bit rate of the extracted bitstream according 
to a varying network bandwidth. More precisely, the bandwidth 
is gradually increasing from 470 Kbps to 1000 Kbps in a 
non-monotonous way.  

 
(a) 

 
(b) 

 
Fig. 9. Bit rate of extracted bitstreams: (a) CGS and (b) MGS. 
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In Fig. 9, the X-axis in the graph indicates the MGS and CGS 
extraction points, while the Y-axis indicates the obtained bit 
rates. In order to better differentiate between the graph of the 
network bandwidth and the experimental results, the range of 
the Y-axis in Fig. 9(a) is different from the range of the Y-axis 
in Fig. 9(b).  

Comparing both results illustrates that MGS is better suited 
to deal with network bandwidth variations. Indeed, as for CGS, 
the extracted bitstreams are not able to fully use the available 
network bandwidth. Since the amount of bits used by an 
extracted bitstream is directly related to the perceptual quality 
of a picture, MGS is typically able to provide users with better 
video quality than CGS for a given network bandwidth. 

Overall, our experimental results show that our proposed 
adaptation decision-taking algorithm, in combination with 
MGS, allows creating adapted bitstreams with a high quality, 
and where the bitstreams are suited for use in diverse usage 
environments. 

V. CONCLUSION 
In this paper, we proposed an adaptation decision-taking 

algorithm that is suited for the adaptation of scalable video 
using MGS. In order to demonstrate the usefulness of the 
adaptation-decision taking algorithm, we constructed a test bed 
containing an MPEG-21-based ADTE. The capabilities and 
constraints of the usage environment are described by 
MPEG-21 DIA description tools, as well as the properties of the 
scalable bitstreams. Information about both the usage 
environment and the scalable bitstream that is to be adapted is 
taken into account during the adaptation decision-taking. 

The usefulness of the adaptation decision-taking algorithm is 
verified by two methods: the first method compares the 
extraction points in CGS and MGS, while the second method 
compares the bit rate of the extracted bitstreams with respect to 
a varying network bandwidth. The experimental results show 
that the proposed decision-taking algorithm is able to 
efficiently adapt bitstreams in order to take into account a 
varying network bandwidth. Since MGS is a coding technique 
that is able to solve the shortcomings of FGS and CGS, the 
proposed adaptation decision-taking algorithm can be 
efficiently used to adapt SVC video bitstreams, coded with 
MGS and thus offering diverse extraction points, while the 
encoding complexity remains relatively low. 
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