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Fig. 1. Coding structure example with two spatial layer.

II. SVC OVERVIEW

SVC was designed as an extension of H.264/AVC, and thus
most components of H.264/AVC are used as speciÞed in the
standard. This includes all key components like motion-com-
pensation, intra prediction, transform and entropy coding, the
deblockingÞlter, or the Network Abstraction Layer (NAL) unit
packetization. While temporal scalable coding is already sup-
ported in H.264/AVC, new tools are added to enable spatial
and quality scalability. Similar to the scalable proÞles of the
previous video coding standards MPEG-2 Video, H.263, and
MPEG-4 Visual, the basic SVC design is mainly determined by
the concept for supporting spatial scalable coding and can be
classiÞed as a layered video codec. In general, the coder struc-
ture as well as the coding efÞciency depends on the scalability
space that is required by an application. For illustration, Fig. 1
shows a typical coder structure with two spatial layers.

The supported spatial resolutions are coded in a set of layers
which are identiÞed by a dependency identiÞer . The base
layer has a dependency identiÞer , and the spatial reso-
lution must not decrease with increasing layer identiÞer . For
each dependency layer , a reference layer can be
selected for inter-layer prediction. It is possible to have various
layers with identical spatial resolution, but different reconstruc-
tion quality. This case is also referred to as CGS. In each spatial
or CGS layer, the basic concepts of motion-compensated predic-
tion and intra prediction are employed as in single-layer H.264/
AVC. The redundancy between different layers is exploited by
additional inter-layer prediction concepts that include predic-
tion mechanisms for macroblock modes and motion parameters
as well as texture data (intra and residual). A base quality repre-
sentation of each layer is obtained by transform coding similar
to that of H.264/AVC. The reconstruction quality of this rep-
resentation can be improved by coding additional quality re-
Þnement [signal-to-noise (SNR) reÞnement] NAL units. These
quality reÞnement NAL units inside a layer are differentiated by

a quality identiÞer , which is equal to 0 for the base quality rep-
resentation and increases with every additional quality reÞne-
ment representation. In contrast to the layers, the spatial res-
olution must not change between successive quality reÞnements

. However, the prediction mode as well as the applicable
motion vectors may be modiÞed between successive quality re-
Þnements. While a switching between layers is only speciÞed
at deÞned switching points, switching between different quality
representations is possible at any point in time. Hence, a quality
scalable bit stream can beßexibly adapted by removing the ap-
propriate quality reÞnement NAL units. This concept is also re-
ferred to as medium-grain quality scalable coding (MGS).

During the development of SVC, another approach for quality
scalable coding was investigated, which was based on so-called
progressive reÞnement NAL units. In contrast to all other slice
data NAL units, these NAL units could be truncated at any byte-
aligned position. Due to its increased computational complexity
and the fact that the simple MGS concept already provides a
sufÞcient granularity for quality scalable coding and a similar
coding efÞciency [10], this approach wasÞnally removed from
the SVC speciÞcation [11].

Although temporal scalability is already supported in stan-
dard H.264/AVC, an additional identiÞer for labeling tem-
poral layers is introduced in the SVC high-level syntax.is
equal to 0 for pictures of the temporal base layer and is increased
by 1 from one temporal layer to the next.

An important feature of SVC is the provision of scalability
at the bit stream level. Bit streams for reduced spatial/temporal
resolution and/or bit rate can be simply obtained by discarding
NAL units from a global SVC bit stream. Additionally, if only
quality scalability is employed and a speciÞc mode of inter-layer
prediction is used, the SVC speciÞcation enables a lossless and
low-complexity rewriting of an SVC stream into a nonscalable
H.264/AVC bit stream. The base layer of an SVC bit stream
is always coded in compliance with a nonscalable proÞle of
H.264/AVC. In an SVC bit stream, the base layer NAL units are
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Fig. 2. Hierarchical coding structures for providing temporal scalability.
(a) Hierarchical B-pictures. (b) Low-delay coding structure.

preÞxed by special SVC NAL units that specify SVC speciÞc
parameters for the base layer NAL units including the ,
and values.

The SVC speciÞcation deÞnes three scalable proÞles. The
Scalable Baseline ProÞle speciÞes that the base layer must con-
form to the restricted Baseline ProÞle and that only restricted
spatial scalability conÞgurations are supported. With the Scal-
able High ProÞle, a High ProÞle compliant base layer and fully
ESS are supported. The Scalable High Intra ProÞle includes the
same tools as Scalable High, but is restricted to the coding of
IDR pictures.

In the following, a brief overview of the basic concepts in
SVC for supporting temporal, spatial, and quality scalable
coding is given. For more detailed information the reader is
referred to the draft standard [11] and the overview in [12].

A. Temporal Scalability

H.264/AVC provides highßexibility in the assignment of ref-
erence pictures for motion compensated prediction. Temporal
scalable coding can be efÞciently provided by using hierarchical
coding structures with B- or P-pictures [13], [14] as illustrated
in Fig. 2. The pictures of the temporal base layer are only pre-
dicted from previous pictures of this layer. The enhancement
layer pictures can be bidirectionally predicted by using the two
surrounding pictures of a lower temporal layer as references. A
picture of the temporal base layer and all temporal reÞnement
pictures between the base layer picture and the previous base
layer picture build a group of pictures (GOP).

In addition to enabling temporal scalability, the hierarchical
prediction structures usually also provide an improved coding
efÞciency compared to classical IBBP coding. The coding delay
of the hierarchical structures can be controlled by restricting the
motion-compensated prediction from pictures of the future. As
an example, Fig. 2(b) shows a hierarchical coding structure that
provides the same degree of temporal scalability as the one in
Fig. 2(a), but with a structural delay of 0. Furthermore, hierar-
chical prediction structures are not restricted to dyadic temporal
scalability, and they can also be combined with the multiple ref-
erence picture concept of H.264/AVC. In general, the GOP size
or even the prediction structure can be varied over time if in-
tended, e.g., in order to increase the coding efÞciency. However,
this might restrict the degree of temporal scalability supported
by the stream.

B. Spatial and Coarse-Grain Quality Scalability

As illustrated in Fig. 1, spatial scalability is achieved by
using a multilayer approach. The pictures of different spatial
layers are coded with layer-speciÞc prediction information
and motion parameters. In order to improve the enhancement
layer coding efÞciency in comparison to simulcast, switchable
inter-layer prediction mechanisms have been introduced. An
encoder can freely choose which information of the reference
layer is exploited for efÞcient enhancement layer coding.

With SVC, each layer can be decoded with a single mo-
tion-compensation loop. The employed inter-layer prediction
ensures that the computationally complex operations of
motion-compensated prediction and deblocking (with the ex-
ception of intra-coded blocks) only have to be applied in the
target layer, which corresponds to the output pictures. With
the exception of intra-coded macroblock that are used for
inter-layer prediction, decoded samples of lower layers do not
need to be reconstructed. The single-loop decoding feature of
SVC is especially important for the case of successive layers of
equal spatial resolution (CGS/MGS).

Similar to MPEG-2 Video and MPEG-4 Visual, SVC sup-
ports spatial scalability with arbitrary resolution ratios. It is also
possible that the enhancement layer only consists of a selected
part of the reference layer picture at higher spatial resolution, or
that in the enhancement layer additional parts beyond the bor-
ders of the reference layer picture are added. This cropping can
even be modiÞed on a picture basis.

1) Inter-Layer Motion Prediction:In order to employ mo-
tion data from a lower layer for the coding of spatial enhance-
ment layers, a new macroblock type is introduced. This mac-
roblock type is also referred to as reference layer skip mode and
it speciÞes that the prediction data are completely derived from
the reference layer and that only a reÞnement of the residual
signal is encoded. When the derived prediction mode speciÞes
inter-picture coding, the macroblock partitioning is determined
by up-sampling and realigning the partitioning of the reference
layer region that covers the same picture area as the macroblock
to be coded. For the simple example of dyadic spatial scalability
without cropping, each enhancement layer macroblock corre-
sponds to an 8 8 submacroblock in the reference layer, and
thus the enhancement layer macroblock partitioning is obtained
by scaling the partitioning of the 8 8 base layer block by a
factor of 2 in both vertical and horizontal directions.

In addition to this new macroblock mode, SVC allows to
switch between the usual spatial motion vector predictor and
an inter-layer motion vector predictor for conventional motion-
compensated macroblock coding types. The choice is signaled
by a ßag that is transmitted on a macroblock partition basis.
When inter-layer motion vector prediction is used, the reference
frame indexes for the macroblock partition are not transmitted,
but derived from the reference layer.

2) Inter-Layer Residual Prediction:The usage of inter-layer
residual prediction is signaled by aßag that is transmitted on
a macroblock basis. When thisßag is true, the corresponding
reference layer residual signal is up-sampled and used as a pre-
diction for the residual signal of the current macroblock, so that
only the corresponding difference signal is coded. The up-sam-
pling of the reference layer residual is done on a transform block
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set of quality refinement NAL units characterized by the
parameters and , the following applies.

a) Let be the bit rate of the set of quality refine-
ment NAL units with quality identifier and tem-
poral identifier of the spatio–temporal resolution

.
b) If is less or equal to , the corresponding

quality refinement packets are included into the
extracted bit stream and the target rate is modified
by . Otherwise, all nonprocessed
quality refinement NAL units are discarded and the
extraction process is terminated.

In order to meet to target rate more accurately, an appro-
priate set of quality refinement packets of the first set for
which is greater than can be additionally included in
the extracted bit stream until the target rate is met.

B. Bit Stream Extraction Using Priority Information

The bit streams that are obtained using the simple extrac-
tion method described above are usually characterized by a sub-
optimal rate-distortion performance, since the extraction algo-
rithm does not take into account the rate-distortion impact of
discarding a NAL unit on the remaining bit stream. While the al-
gorithm naturally provides good rate-distortion performance at
full quality layers, i.e., when only complete sets of refinement
NAL units with the same quality identifier are discarded, it
performs suboptimal for intermediate rates. The rate-distortion
efficiency of extracted bit streams can be improved when the im-
pact of discarding a NAL unit on the rate-distortion efficiency
of the remaining bit stream is taken into account. An approach
for optimized bit stream extraction using priority information
similar to the quality layers in JPEG-2000 [23] is presented in
[24]. In SVC, quality layers can be indicated either by making
use of the NAL unit header syntax element priority id or by in-
dication via a separate supplemental enhancement information
(SEI) message. Both signaling methods allow up to 64 quality
layers to be present in an SVC stream.

The extraction of a spatio–temporal resolution is similar to
the method described in Section IV-A. The remaining bit rate
budget is compared to the bit rate of a set of refinement NAL
units. But instead of processing the sets of quality refinement
NAL units with the same values of and , sets of quality
refinement packets with the same value of the priority identifiers

are processed.
The rate-distortion efficiency of the bit streams that are ob-

tained with the priority-based extraction is determined by the
algorithm that is used for assigning the priority identifiers to the
NAL units of an SVC bit stream. Several algorithms for deter-
mining priority values that provide a good rate-distortion effi-
ciency for all extractable bit rates have been proposed [24]–[26].

V. JSVM CONFIGURATION OPTIMIZATION

Since the encoder decision on prediction modes and motion
parameters may apply for multiple quality refinement layers, the
configuration of the applicable residual quantization parameter
denoted as RQP is decoupled from the configuration of the La-
grangian multiplier for rate-distortion optimization. For easy

configurability, the Langrangian multiplier that is employed
for motion estimation and mode decision is controlled via a
mode quantization parameter, which is denoted as MQP. The
Lagrangian multiplier and the parameter MQP are connected
via the relationship given in [17].

In the following a simple quantizer selection method is pre-
sented that provides optimized quantizer configurations for the
testing conditions employed in this paper. The method provides
constant quantizer settings for the whole sequence, and no adap-
tation over time is employed. As stated before, the method re-
lies on a bottom-up approach, as the optimization of the settings
is performed successively for each layer starting with the base
layer.

A. Coarse-Grain Scalability and Spatial Scalability

If no quality refinement slices are used in a configu-
ration, the encoder is operated similar to single-layer encoding
[17]. The only difference of the JSVM encoder control in com-
parison to single-layer coding using Lagrangian bit allocation
techniques is that the mode decision for each layer considers the
additional SVC macroblock modes with inter-layer prediction
in addition to the regular H.264/AVC modes. The Lagrangian
multiplier is determined depending on the layer quantizer pa-
rameter QP using the same relationship as for
the single-layer case [17].

For each layer, the quantization parameter QP is determined
to meet the target bit rate as specified in the testing conditions.

B. Quality Scalability

If a testing scenario employs quality refinement layers, the
rate-distortion performance over a range of bit rates has to be
considered and the determination of a suitable Lagrangian mul-
tiplier or the corresponding mode quantization parameter is not
straightforward. In the following, a simple search algorithm is
presented which was employed to determine the mode quantiza-
tion parameter MQP for the quality scalability scenarios: With
such a configuration, a defined set of rate points needs to
be supported for a spatial resolution .

1) Set the minimum bit rate for the spatial resolution .
2) Using a setting with :

a) find the value of such that the min-
imum achievable rate is met;

b) measure the PSNR values achieved by this configura-
tion at the defined rate points of the current layer

.
3) For :

a) set and find the value of RQP
such that the required minimum rate is met for the
current ;

b) measure the PSNR values achieved by this configura-
tion at the defined rate points of the current layer

.
4) Determine the best MQP of the set by deter-

mining which value of MQP provided the maximum PSNR
over all considered rate points .

5) Assign the best MQP and the corresponding RQP to the
layer .






