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Abstract—The newly adopted scalable extension of H.264/AVC
video coding standard (SVC) demonstrates significant improve-
ments in coding efficiency in addition to an increased degree
of supported scalability relative to the scalable profiles of prior
video coding standards. Due to the complicated hierarchical
prediction structure of the SVC and the concept of key pictures,
content-aware rate adaptation of SVC bit streams to intermediate
bit rates is a nontrivial task. The concept of quality layers has
been introduced in the design of the SVC to allow for fast con-
tent-aware prioritized rate adaptation. However, existing quality
layer assignment methods are suboptimal and do not consider
all network abstraction layer (NAL) units from different layers
for the optimization. In this paper, we first propose a technique
to accurately and efficiently estimate the quality degradation
resulting from discarding an arbitrary number of NAL units
from multiple layers of a bitstream by properly taking drift into
account. Then, we utilize this distortion estimation technique to
assign quality layers to NAL units for a more efficient extraction.
Experimental results show that a significant gain can be achieved
by the proposed scheme.

I. INTRODUCTION

ITH the drastic improvements and developments of the

network infrastructures, multimedia applications for a
variety of devices with different capabilities have become very
popular. These devices range from cell phones and PDA s with
small screens and restricted processing power to high-end work-
stations with high-de nition displays. These devices are mainly
connected to different types of networks with various bandwidth
limitations and loss characteristics. Addressing this vast hetero-
geneity is a considerably tedious task. A highly attractive solu-
tion which has been under development for the past two decades,
is known as Scalable Video Coding (SVC). The term scala-
bility here means that certain parts of a SVC bitstream can be
removed in order to adapt it to the various requirements of end
users as well as to varying network conditions or terminal capa-
bilities.

The new SVC standard [1] was developed based on
H.264/AVC [2] by the Joint Video Team (JVT) in collaboration
with the International Telecommunication Standardization
Sector (ITU-T). In fact, SVC was approved as Amendment 3
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of the Advanced Video Coding (AVC) standard, with full com-
patibility of base layer information so that it can be decoded
by existing AVC decoders. In addition, SVC allows for spatial,
temporal, and quality scalabilities [3]. The SVC design enables
the creation of a video bitstream that is structured in layers, con-
sisting of a base layer (BL) and one or more enhancement layers
(ELs). Each enhancement layer either improves the resolution
or the quality of the video sequence. The superb adaptability of
the SVC and its high coding ef ciency make SVC a suitable
candidate for many video communication applications, such as,
multicast, video surveillance, and peer-to-peer video sharing.
In this paper the term SVC is used interchangeably for both
the concept of scalable coding in general and for the particular
design of the scalable extension of the H.264/AVC standard.

Temporal scalability is made possible by partitioning pic-
tures into a temporal base layer and one or more temporal en-
hancement layers. To each layer then a temporal identi er is
assigned starting from zero for the base temporal layer. The
process of motion-compensated prediction is then restricted to
reference pictures with temporal identi ers less than or equal to
the temporal identi er of the picture to be predicted. In SVC,
temporal scalability is provided by the concept of hierarchical
B-pictures [4]. Spatial scalability, on the other hand, is achieved
by encoding each supported spatial resolution into one layer. In
each spatial layer, motion-compensated prediction and intrapre-
diction are employed similarly to H.264/AVC. Nonetheless, in
order to further improve coding ef ciency, additional interlayer
prediction mechanisms are incorporated [3].

Quality scalability can be seen as a special case of spatial
scalability with identical picture sizes for base and enhancement
layer. The same prediction techniques are utilized except for the
corresponding upsampling operations (prediction from lower
resolution representations). This type of quality scalability is re-
ferred to as coarse-grain quality scalable coding (CGS). Since
CGS can only provide a discrete set of decoding points, a varia-
tion of the CGS approach, which is referred to as medium-grain
quality scalability (MGS), is included in the SVC design to in-
crease the exibility of bit stream adaptation. The main differ-
ences between MGS and CGS include a modi ed high level sig-
naling, which allows switching between different MGS layers
at any access unit, and the so-called key picture concept, which
allows the tradeoff adjustments between drift and enhancement
[3]. The exibility of MGS can be further improved by split-
ting the re nements of the transform coef cients associated with
each block of the enhancement layer into several layers each
identi ed with a quality id [5]. Fig. 1 portrays the structure of a
single resolution SVC bit stream.

Similarly to H.264/AVC, the coded video data of the SVVC are
organized into packets with an integer number of bytes, called
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Fig. 1. Structure of a single resolution SVC bit stream.

Network Abstraction Layer (NAL) units. Each NAL unit, be-
longs to a speci c spatial, temporal, and quality layer. More-
over, a set of NAL units from all spatial layers having the same
temporal instant constitute an Access Unit (AU).

In order to extract a substream with a particular average bit
rate and/or resolution, a bit stream extractor is employed. How-
ever, there usually exist a huge number of possibilities (specially
for MGS coding) in combining NAL units that result in, approx-
imately, the same bit rate. A very simple and inef cient method
would be to randomly discard NAL units until the desired bit
rate is achieved. Nonetheless, the ef ciency of the bit extractor
can be substantially improved by assigning a priority identifier
to each NAL unit during the encoding or a postprocessing op-
eration [6]. The priority identi er is directly related to the con-
tribution of the NAL unit to the overall quality of the video se-
quence. Therefore, the bit stream extractor, can rst discard the
NAL units with the lowest priority and reach the target bit rate
with a higher average reconstructed quality.

Optimal adaptation strategies and solutions in various con-
texts for ne-grained scalability (FGS) of MPEG-4 video has
been the focus of many research works. A performance com-
parison of some of the rate-distortion (RD) models proposed in
the literature for FGS rate adaptation is presented in [7]. The au-
thors in [8] considered rate adaptation of MPEG-4 FGS video
where the bitstream contains only one spatial layer. For the case
of multiple spatial layers, the optimization goal may be to max-
imize the quality at a particular resolution as in [9], or to maxi-
mize the overall/collective quality of the spatial layers [10]. On
the other hand, only a limited number of research works have
speci cally considered the scalable extension of the H.264/AVC
standard. A basic, content independent bit stream extractor is
provided in the software implementation of the SVC, referred to
as the Joint Scalable video Model (JSVM) [11]. An alternative
rate-distortion optimized extraction method, also implemented
in JSVM, is presented in [6]. This technique, utilizes the quality
layers concept and improves the performance of the JSVM basic
extractor since it orders the packets based on their contribution
to the global quality improvements. However, the quality im-
provements are calculated only within a quality plane, i.e., it is
assumed that the quality increments of all temporal layers with
lower quality id are included rst. Thus, when packets are or-
dered based on this measure, their true impact on the global
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quality will be different resulting in a sub-optimal extraction.
Although this technique is mainly designed for the singe-res-
olution case, it can be applied to multiresolution bit streams as
well, providing some performance gain over the basic extractor.
The authors in [12] proposed an extension to [6] for the multires-
olution case by optimizing for the top spatial layer. According
to it, some lower spatial layer quality NAL units that are not that
useful in an RD optimal sense are discarded even though they
might be used in the interlayer prediction process.

In none of the existing RD optimized extraction techniques,
NAL units are progressively added according to their accurately
computed importance measure while taking into account the
NAL units already included. The main challenge is that the
process of motion-compensated prediction (MCP) in SVC, un-
like MPEG-4 visual, is designed such that the highest available
picture quality is exploited for the prediction of other pictures in
the GOP. As a result, the distortion of a picture (except for the
key frames) also depends on the enhancement layers of the pic-
tures from which it has been predicted. Consequently, each time
the set of selected re nement packets changes, multiple frame
decodings are required before the quality of the sequence can be
evaluated. Since there is a huge number of possibilities in the se-
lection of the re nement packets and the quality evaluation of
each selection is highly computationally intensive, optimal se-
lection of the packets is considered an unmanageable task. In
this paper, we propose a method to accurately and ef ciently
approximate the distortion of the sequence for any subset of the
available NAL units. Then, using the proposed distortion model,
we introduce a framework for rate-distortion optimized quality
layer assignment and bit extraction. The rest of this paper is or-
ganized as follows. In Section Il we provide an overview of the
problem considered and its required components. Subsequently,
in Section 111 we present our distortion calculations. The solu-
tion algorithm is then provided in Section V. Experimental re-
sults are shown in Section V and nally conclusions are drawn
in Section VI.

Il. PROBLEM FORMULATION

A. Quality Layers

The concept of quality or priority layers is employed to as-
sign a prioritization order to the various elements constituting
the whole scalable bit stream. This prioritization exhibits the
hierarchical distinctions or strati cation among various parts of
the bit stream to be used for stream adaptation. The priority in-
formation may be conveyed in two ways: either in the NAL unit
header, utilizing the syntax element priority id, or using an op-
tional Supplemental Enhancement Information (SEI) message.
Quality layers are computed and assigned by the encoder or a
postprocessing operation at the encoder side. Nonetheless, pri-
oritized bitstream adaptation can take place at any point of the
transmission, i.e., at the encoder side, in the network, or at the
receiver before decoding.

B. Bit Extraction Process

There usually exists a large number of possibilities to adapt
a scalable bit stream to a particular average bit rate. The target
average bit rate can be acquired by discarding different quality
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Fig. 2. Priority order for NAL units using the basic extractor.

re nement NAL units. Therefore, the reconstructed video se-
quence that corresponds to the given target bit rate depends on
the used extraction method. The basic extraction process de ned
in the SVC utilizes the high-level syntax elements dependency
id, temporal id, and quality id for prioritization. Fig. 2 illustrates
the prioritization order used in the basic extraction process. Each
block in Fig. 2 represents a layer (set of pictures with a spe-
ci c resolution/quality) denoted by L(Dy,T;, Q) Where Dy
indicates the spatial resolution, 7} the temporal level, and @,
the quality level. The application/device for which the video is
being decoded usually determines the target spatial and tem-
poral resolutions. Therefore, the base layer of each spatial and
temporal resolution lower or equal to the target spatial and tem-
poral resolutions have to be included rst. Next, for each lower
spatial resolution, NAL units of higher quality levels are ordered
in increasing order of their temporal level. Finally, for the target
spatial resolution, NAL units are ordered based on their quality
level and are included until the target bit rate is reached.

A major drawback of the basic extraction method is that its
prioritization policy is independent of the video content. Since
the distortion of a frame depends on the content of the frame, in
addition to the quantization parameter used, re nement packets
have different importance values as seen by the decoder even
if they belong to the same layer. Thus, only a content-aware
prioritization policy can ensure optimal extraction. Considering
the fact that the standard does not specify the extraction process,
one can devise a more ef cient alternative extraction process.

C. System Model

As a substitute to the content-independent packet priori-
tization of JSVM, a rate-distortion optimized priority-based
framework can be employed. In such a framework, a priority
is computed for a NAL unit which represents a frame or a
portion of a frame (i.e., residual frame) at a given spatio/tem-
poral/quality level. Note that in this scheme, unlike the basic
extraction scheme, all pictures of a given layer do not neces-
sarily follow the same prioritization order. In order to ef ciently
assign quality layers, NAL units have to be ordered according
to their contribution to the overall quality of the video sequence.
When the correct order is obtained, one can assign the quality
layers to the NAL units either based on a quantization of their
indices [13] or based on an iterative merging algorithm [14].
In the iterative merging algorithm, at each iteration the two
adjacent quality increments with the minimum increase in the
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Fig. 3. Example of a selection map for a single resolution bit stream.

area below the R-D curve are selected and merged into one
until the target number of quality layers are achieved.

Assuming an optimal order of the NAL units exists, it can
be obtained if for any bit rate R,in < R < Rpmax an optimal
subset of the available NAL units can be extracted. Here R,
and R,,.x denote the minimum and maximum possible bit rates
of the scalable bit stream, respectively. As a result, in this paper
we consider the problem of optimal extraction of a substream
at a provided bit rate R. Once the solution to this problem is
obtained, one can easily order packets and assign quality layers.

Let 7(n,d, q) represent the NAL unit associated with frame
n at spatial resolution d and quality level ¢ (¢ = 0 represents
the base quality). Then, any consistent subset of quality in-
crements, P, can be uniquely identi ed by a selection map ¢
de ned by

¢(n,d) = [Q(n, d)] 1)

where Q(n,d) := {q : m(n,d,q) € P} and the notation |.|
represents the cardinality of a set. The term consistent here
refers to a set whose elements are all decodable by the scal-
able decoder (children do not appear in the set without parents).
Note that ¢(n,d) = 0 indicates that no NAL unit for frame n
at resolution d has been included in the set. In this case, if d
represents the base resolution, we infer that the base layer has
been skipped, and, therefore, the dependent frames are undecod-
able. Note that any selection map is not necessarily a consistent
map. An example of the selection map for a single resolution bit
stream is illustrated in Fig. 3.
The problem of optimal selection of the quality increments
with a target rate of Rt can be formulated as
¢ =arg min D(¢), s.t. R(¢) < Fr )
where ¢ is a vector with elements ¢(n, d) for all possible » and
d. Furthermore, R(¢) and D(¢) denote the average bit rate and
distortion of the video sequence computed using the substream
associated with selection map ¢. Here, ® represents the set of
all possible selection maps for which the resulting substream
is decodable. In this work, the distortion D is calculated using
the mean squared error (MSE) metric with respect to the fully
reconstructed video sequence (maximum quality). Note that for
most applications, bit extraction is a postprocessing operation,
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and, thus, the original video signal is not available for quality
evaluation.

In principle, a solution to (2) can be found using a nonlinear
optimization scheme. Nevertheless, in order to converge to a so-
lution many evaluations of the objective function D(¢) are nec-
essary. Unfortunately, because of various spatio/temporal de-
pendencies, each evaluation of D(¢) requires performing mo-
tion compensation operations on several images (due to the hier-
archical prediction structure) in addition to the computation cost
for nding the MSE. Furthermore, motion compensation oper-
ations are known to be highly computationally intensive [15].
Therefore, the computational burden of this optimization is un-
manageable in practice. In order to overcome this dif culty, we
propose a computationally ef cient model that provides an ac-
curate estimate of the source distortion for any selection map
¢ e .

I1l. SOURCE DISTORTION CALCULATIONS

As discussed in Section I1-C, fast evaluation of the average
sequence distortion plays an essential role in solving the opti-
mization problem of (2). In this section we develop an approx-
imation method for the computation of this distortion. As men-
tioned earlier, our main focus in this work is on a single-resolu-
tion SVC stream. Nonetheless, our calculations can be directly
applied to the more general multiresolution case if we impose
the constraint that all quality NAL units associated with lower
resolution spatial layers are included before the base quality
of a higher resolution. This constraint reduces the degrees of
freedom associated with the selection function by one. Hence, it
can be denoted by ¢(n) since the spatial resolution d in ¢(n, d)
is xed. Note that regardless of the number of spatial layers
in the SVC bitstream, a target resolution has to be speci ed in
order to evaluate the quality of the reconstructed sequence. The
quality increments from spatial layers lower than the target reso-
lution need to be up-sampled to the target resolution to evaluate
their impact on the signal quality. Once again it shall be men-
tioned that throughout this work, the video quality is measured
with respect to the fully reconstructed signal.

The base layer of a picture usually contains motion vectors
and a coarsely quantized version of its residual signal required
for the construction of (at least) a low quality representation of
the picture. In addition, for this reconstruction, the decoder also
requires the base layer of the pictures used in the prediction of
the current picture. Hence, we propose the following two dif-
ferent distortion models based on the status of the base layers.
Model 1: when the base layer of the frame is available and de-
codable by the decoder. Model 2: when the base layer is either
not available or undecodable due to loss of a required base layer.
In this case, an error concealment strategy is employed which
requires some special considerations.

A. Frames With Decodable Base-Layer

Since for MGS coding of SVC, motion compensated pre-
diction is conducted using the highest available quality of the
reference pictures (except for key frames), propagation of drift
has to be taken into account whenever a re nement packet is
missing. Let f and f, denote a vector representation of the
reconstructed nth frame using all of its quality increments in
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presence and absence of drift, respectively. Note that although
all quality increments of frame n are included for the reconstruc-
tion of both f, and £, f¢ # £, since in general some quality
increment of the parent frames may be missing in the recon-
struction of f%. Moreover, let e, (¢) represent the error vector
introduced by the inclusion of ¢ < @ quality increments for the
nth frame when no drift exists. We refer to this error as the EL
truncation error. Here, @ represents the total number of quality
levels (in all layers), hence, e,,(Q) = 0. The total distortion of
frame n due to drift and EL truncation (i.e., D) with respect to
f ., is obtained according to

Di(q) =|f, — fi+ea(0)|
=D+ Di(g) +2(f, — f) enld) @)

where DZ and D¢ (q) represent respectively the distortion, i.e.,
sum of squared errors (SSE), due to drift and EL truncation (as-
sociated with the inclusion of ¢ quality increments). The symbol
|||l here represents the lo-norm. Since the Cauchy-Schwartz in-
equality provides an upper bound for (3) we can approximate
the total distortion D!, as

D}, (q) ~ D + Di(q) + 25/ D/ Di(0)
<D+ D) +2/DiVDie) (@

where « is a constant in the range 0 < x < 1 obtained experi-
mentally from test sequences. Consequently, in order to calcu-
late the total distortion, we need the drift and EL truncation dis-
tortions, D¢ and D¢ (q), respectively. Fortunately, the error due
to EL truncation, D¢ (q), can be easily computed either at the
encoder when performing the quantization of the transform co-
ef cients or by a postprocessing operation. The drift distortions,
on the other hand, depend on the computationally intensive mo-
tion compensation operations and propagate from a picture to
its descendants.

Let the set S = {so,s1,...,sn} represent the V pictures
in the GOP plus the key picture of the preceding GOP denoted
by so as portrayed in Fig. 4 (for N = 4). As illustrated by the

gure, picture s- is considered a child of pictures sy and s, since
itis bi-directionally predicted from them. Therefore, a distortion
in any of the parent frames, will induce a distortion in the child
frame. Let A,, represent the set of parent frames associated with
frame s,,. Hence, the set A,,, is either empty (for key frames) or
has exactly two members, referred to as s, and s2. For instance,
the parent set for frame s, in Fig. 4 equals Ay = {sg,s4}.
Further, let D! represent the total distortion of a parent frame
of s,, i.e.,7 € A,. Then, we can assume that the drift distortion
inherited by the child frame, denoted as D? or simply D¢,
is a function of parent distortions, i.e., D¢ = F(D, ,Dt,).
Therefore, an approximation to D’ can be obtained by a second
order Taylor expansion of the function F' around zero

Dimy+ > aiDi+ Y > Bi,;DID5 (5)

1€A, €A, JEA,

Here the coef cients «; and 3;; are rst and second order
partial derivatives of £’ at zero and are obtained by tting a 2-D
quadratic surface to the data points acquired by the decodings
of the frames with various qualities. The constant term v = 0
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Fig. 4. Parent-child relationship for a GOP of size 4.

since there is no drift distortion when both reference frames are
fully reconstructed, i.e., D! , ¢ = 1,2. Note that tech-
nically, F(D!,, D) is not a function since the mapping
{Dt,, D} 5 D4 is not unique because distortions may be
due fo various error distributions. Therefore, (7) can only be jus-
ti ed as an approximation since the errors arising from missing
high frequency components are usually widespread throughout
the image and follow similar distributions. Fig. 5 demonstrates
an example of this parent-child distortion relation for a frame
of the Foreman sequence. The coef cients of this equation for
all frames except key frames, can be obtained by several decod-
ings of different substreams extracted from the global SVC bit
stream. Nevertheless, different methods for choosing the data
points may exist. For instance, a suitable set of data can be com-
puted using the following steps.
For each temporal layer 7', discard a random set of the
quality increments from frames in temporal layers 7" and
lower, while keeping all quality increments of the higher
layers (to eliminate EL truncation distortion).
Decode the resulting bit stream and collect all data points:
distortion of each frame n in a temporal layer higher
than 7' along with the distortion of the parent frames
(which belong to layers T' or lower) form a data point
{DZd D', D, } for that frame.

Once the coef cients «; and 3;; are computed for each frame
(except for key frames), the drift distortion of the child frame D4
can be ef ciently estimated for various distortions of the parent
frames. The total distortion D! is then computed according to
(4). In the next step, the computed distortion of this frame is
used (as a parent frame) to approximate the drift distortion of
its children. Therefore, the distortion of the whole GOP can be
estimated recursively starting from the key frame which is not
subject to drift distortion. Fig. 6 shows a comparison between
the estimated versus the actual distortion for a random selection
map of the Foreman CIF sequence.

1) Frames With Missing Base-Layer: In the framework
considered in this paper, in addition to the enhancement layer
NAL units, we allow base layer NAL units to be skipped when
resources are limited. Moreover, base layer NAL units may
be damaged or lost in the channel and, therefore, become un-
available to the decoder. In this scenario, all descendants of the
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Fig. 5. Example of a parent-child distortion relationship with a quadratic sur-
face t.

Fig. 6. Estimated versus actual distortion for a random selection map.

frame to which the NAL unit belongs to are also discarded by
the decoder. Consequently, the decoder utilizes a concealment
technique as an attempt to hide the lost information from the
viewer. In this work a simple and popular concealment strategy
is employed: the lost picture is replaced by the nearest temporal
neighboring picture. To be able to determine the impact of a
frame loss on the overall quality of the video sequence, the
distortion of the lost frame after concealment needs to be
computed.

Let D¢or denote the distortion of a frame n concealed using
frame 7 with a total distortion of D?. Since Dpe does not vary
greatly with respect to D, we assume that a linear relationship
exists between them, i.e.,

D;LO:I ~ i + v; D! (6)
where u; and v; are constant coef cients calculated for each
frame with all concealment options (different is). For example,
in Fig. 4, the concealment options for frame s3, in the preferred
order, are {s2, s4, So}. The coef cients in (6) are obtained by
conducting a linear regression analysis on the actual data points.
Note that these data points are acquired by performing error
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concealment on frames reconstructed from decodings explained
in Section I11-A. Hence, no extra decoding is required for this
process.

During optimization, whenever a frame is skipped or missing,
the precalculated coef cients u; and v;, associated with the
nearest available temporal neighbor 4 (which has a distortion
DY), are used according to (6) to estimate the distortion of the
missing frame.

IV. SOLUTION ALGORITHM

The main challenge in solving the problem considered in this
work is the ef cient evaluation of the sequence average quality
for a provided selection function ¢(n) [see (2)] as discussed in
Section I1l. Once the sequence average quality for any selec-
tion function ¢(n) is known, in theory, a nonlinear optimization
scheme can be applied in order to nd the best packet extraction
pattern. In practice, however, careful consideration of the opti-
mization method is necessary due to the coarse-grain discrete
nature of ¢(n) and its highly complex relation to the overall
distortion. In this work we propose a hill-climbing algorithm
in order to ef ciently nd a solution to this problem. Neverthe-
less, utilizing the proposed distortion model, once can devise a
different optimization method. Another useful feature of this al-
gorithm is that it provides the optimized selection map for the
speci ed rate as well as all possible lower rates by properly or-
dering the packets. Therefore, the optimized order of the packets
can be obtained by applying this algorithm and setting the target
rate to the maximum possible rate.

The optimization can be performed over an arbitrary number
of GOPs, denoted by M. Trivially, increasing the optimization
window may result in a greater performance gain at a price of
higher computational complexity. In this algorithm, the base
layers of the key pictures are given the highest priority and,
therefore, are the rst packets to be included. Then, packets are
added one at a time based on their global distortion gradient. In
other words, initially, the selection function ¢(n) = 1 if s, is
a key frame, otherwise ¢(n) = 0. Then, at each time step 4, a
packet w(n}, ¢(n})) is added and ¢(n}) is incremented by one
where n} is obtained by

oD(9)

94(n)
OR:($) | Y

9p(n)

* -
n; = argmax

Here, Rs(¢) represents the source rate associated with the cur-
rent selection function ¢. This process continues until the rate
constraint R is met or all available packets within the optimiza-
tion window (i.e., M GOPs), are added to the ordering queue.
The next M GOPs are then processed similarly. Note that, es-
pecially for short sequences, a global packet ordering can also
be acquired by expanding the optimization window to include
the entire sequence.

V. EXPERIMENTAL RESULTS

In this section, we evaluate the performance of our proposed
optimized bit extraction scheme for the H.264/AVC scalable ex-
tension. The simulation is implemented in the JSVM 9.10 refer-
ence software. Various test video sequences with CIF and QCIF
display resolutions are considered at 30 fps in our experiments.

2027

The sequences are encoded into two layers, a base layer and a
quality enhancement layer, with basis quantization parameters
QP = 36 and QP = 24, respectively. Furthermore, the en-
hancement layer is divided into 5 MGS layers.

We compare our proposed source extraction scheme to
two existing extraction approaches: 1) The JSVM optimized
extraction with quality layers [6], referred to as JSVM QL .
2) The content-independent JSVM basic extraction refereed
to as JSVM Basic . For a fair comparison, packets in JSVM
QL are ordered based on their actual importance measure as
explained in [6] not based on a quantized assigned quality
layer. Furthermore, in the proposed scheme, we used the same
number of decodings as with the JSVM QL technique, thus
making the execution time of both systems roughly equal.
Figs. 7 and 8 show the performance of the three extraction
approaches for different test sequences/resolutions. As demon-
strated by these gures the proposed scheme outperforms the
JSVM QL extraction scheme by a maximum of over 1.0 dB
and the JSVM Basic scheme by a maximum of over 2.0 dB.
The provided gain of the proposed scheme is mainly due to
the accurate estimation of the distortion for any substream,
which allows us to freely select NAL units with the highest
contribution to the video quality. The JSVM QL extraction, on
the other hand, calculates the impact of the re nement packets
assuming all lower level quality planes are included. This
results in inaccurate evaluation of the distortion reductions and,
therefore, suboptimal extraction. The basic extraction scheme
performs the worst as expected since it only uses the high level
syntax elements of the NAL units to order them, and, thus, it is
unaware of their impact on the quality of the sequence.

It is worth mentioning that error concealment and the model
described in Section I11-A-1 do not play a substantial role in the
above experiments since our focus was on medium to high qual-
ities (i.e., 30 40 dB). If the bit rate is not suf cient to send all
base layers, the proposed extractor will use the distortion model
of Section I11-A-1 to drop the base layers with the least impact
on the sequence quality while taking dependencies into account.
The basic extractor, on the other hand, selects the base layers
using their positions in the GOP and independently from their
contents. Fig. 9 demonstrates the performance of the two sys-
tems for the Mobile CIF sequence for bit rates below 400 kbps.
Note that the JISVM QL extractor does not provide an alterna-
tive solution to the basic extraction in this scenario and, hence,
has the same performance.

VI. CONCLUSION

In this paper, we presented a distortion modeling scheme that
allows us to accurately approximate the distortion of a sub-
stream resulting from discarding an arbitrary set of NAL units
from a global SVC bit stream. This scheme requires the com-
putation of a set of parameters per frame whose values are ob-
tained from analyzing a number (usually between 10 to 20) of
lower quality representations of the bit stream. Each represen-
tation is reconstructed from the decoding of a different sub-
stream extracted from the original bit stream. Our extensive sim-
ulations show that the distortion estimation error is on the av-
erage less than 2%. The presented distortion model can be em-
ployed for ef cient adaptation and/or robust transmission of the
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Fig. 7. Performance of three extraction methods for various CIF resolution test

sequences: (a) Mobile, (b) Tempete, (c) Table.
Fig. 8. Performance of three extraction methods for various QCIF resolution
test sequences: (a) Mobile, (b) Stefan, (c) Coastguard.

SVC streams over lossy networks using optimal packet sched-

uling and unequal error protection (UEP). In this paper, using a

simple hill-climbing algorithm, we demonstrated how this dis-  layer assignment and eventually extraction for rate adaptation.

tortion model can be exploited to perform optimized quality —Simulation results showed signi cant gains compared to the
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