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This work relates to the regions-of-interest (ROI) coding that is a desirable feature in future applications based on the scalable video
coding, which is an extension of the H.264/MPEG-4 AVC standard. Due to the dramatic technological progress, there is a plurality
of heterogeneous devices, which can be used for viewing a variety of video content. Devices such as smartphones and tablets
are mostly resource-limited devices, which make it difficult to display high-quality content. Usually, the displayed video content
contains one or more ROI(s), which should be adaptively selected from the preencoded scalable video bitstream.Thus, an efficient
scalable ROI video coding scheme is proposed in this work, thereby enabling the extraction of the desired regions-of-interest and
the adaptive setting of the desirable ROI location, size, and resolution. In addition, an adaptive bit-rate control is provided for the
region-of-interest scalable video coding.The performance of the presented techniques is demonstrated and comparedwith the joint
scalable video model reference software (JSVM 9.19), thereby showing significant bit-rate savings as a tradeoff for the relatively low
PSNR degradation.

1. Introduction

Recently, significant changes have taken places in the
content distribution network industry. The availability of
cheaper and more powerful devices (such as smartphones
and tablets, which have the ability to play, create, and
transmit video content on various mobile networks) places
unprecedented demands for high capacity and low-latency
communications paths. The reduction of cost of digital
video cameras, along with development of user-generated
video sites (e.g., Vimeo, YouTube), has stimulated the new
user-generated content sector. Growing premium content
coupled with advanced video technologies, such as the
Internet TV, will replace conventional technologies (e.g.,
cable or satellite TV) in the near future [1]. In this con-
text, high-definition, highly interactive networked media
applications pose challenges to network operators. The vari-
ety of end-user devices with different capabilities, rang-
ing from smartphones with relatively small displays and
restricted processing power to high-end PCs with high-
definition displays, has stimulated a significant interest

in effective technologies for providing video content in
various spatial formats, employing limited computational
complexity resources and operating under low bit-rates
[2].

Much of the attention in the field of video adapta-
tion is currently directed to the scalable video coding
(SVC) extension [3] of the H.264/MPEG-4 AVC standard
[4], since the bitstream scalability for video is a desir-
able feature for many multimedia applications. The above-
mentioned extension, which was officially issued as a scal-
able video coding standard in 2007, is further discussed in
Section 1.1.

1.1. Scalable Video Coding Extension of the H.264/MPEG-4
AVC Standard. The need for the scalability actually arises
from the need for various spatial formats (depending on
the particular end-user devices), bit-rates, and power [2]. To
fulfill these requirements, it would be beneficial to simultane-
ously transmit or store video in a variety of spatial/temporal
resolutions and qualities, leading to the video bitstream
scalability.
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Figure 1: Schematic representation of the SVC bitstream: the spatial
and/or temporal resolution is increased with the increase of a layer
index (the base-layer (Layer 0), Layer 1, Layer 2, etc.), while the Base-
Layer has the lowest bitstream resolution [3].

Major requirements for the scalable video coding are
to enable encoding of a high-quality video bitstream that
contains one or more subset bitstreams, each of which
can be transmitted and decoded to provide video services
with lower temporal or spatial resolutions or to provide
reduced reliability, while retaining reconstruction quality
that is highly relative to the rate of the subset bitstreams.
Therefore, the SVC standard provides functionalities, such
as the spatial, temporal, and SNR (quality) scalability [3].
These functionalities lead to an enhancement of the video
transmission and storage applications.The SVC standard has
achieved significant improvements in coding efficiency with
an increased degree of supported scalability relative to the
scalable profiles of prior video coding standards, such as
MPEG-2 [2].

One of the main purposes of the SVC-based systems
is to enable encoding of a high-quality video bitstream
that contains one or more subset bitstreams [3, 5]. Each of
such subset bitstreams can be transmitted and decoded to
provide video services with varying spatial resolutions (e.g.,
QCIF, CIF, 4CIF/SD, 720 p, 1080 p), temporal resolutions
(e.g., 15Hz, 30Hz), fidelity (SNR/quality) resolutions, or any
combination thereof, as schematically presented in Figure 1. It
should be noted that the reconstruction quality is also highly
relative to the bit-rate of the subset bitstreams, according to
various end-user heterogeneous devices (e.g., smartphones,
tablets, laptops, personal computers, etc.).

The SVC standard also supports a region-of-interest
(ROI) scalability, in addition to the main scalability types,
such as the temporal, spatial, and quality scalabilities, as
already noted above [3, 6]. The ROI is a desirable feature in
many future scalable video coding applications, for example,
with which a cell phone user may require extracting only
the ROI and tracking it smoothly. At the same time, other
users having a larger mobile device screen can be suggested
to extract other ROI in order to receive better video stream
resolution. Thus, to fulfill these requirements, it would be

Figure 2: Defining ROIs with different spatial resolutions (e.g., CIF,
SD/4CIF, 720 p resolutions) to be provided within a Scalable Video
Coding stream.

beneficial to simultaneously transmit or store a video stream
in a variety of ROIs, each of which can be selected as, for
example, presented in Figure 2.

The dramatically growing number of video applications,
programs, and distributed content (e.g., the Internet TV,
Mobile TV, video conferences, news, user-generated videos,
etc.) requires significant progress in the adaptation of scalable
video coding to support these new demanding services. Due
to a variety of heterogeneous end-user devices having dif-
ferent spatial and temporal resolution, the further significant
optimization of scalable video encoders is also required. One
use case for which there is likely to be a significant demand
is the joint content-adaptive and user-adaptive scalable video
coding which is based on video content analysis in the
compressed domain, considering a variety of different user
devices (a variety of decoders having different computational
capabilities) to view any desired video content being adapted
for each user device.

The challenges considered above are relatively new prob-
lems that have not been solved in the field.Nevertheless, some
approaches described in the literature are relevant and can
be used in an attempt to find a solution. There are two main
methods to solve the ROI detection and tracking problem:
(a) in the pixel domain approach and (b) in the compressed
domain approach. First, the pixel domain approach [7–11]
is, generally, more accurate than the compressed domain
approach but has relatively high computational complexity
and requires further additional computational resources for
decoding compressed video streams. In [7], the authors
demonstrate face detection using a skin-color model. The
model in [7] exploits the fact that the people skin-colors
have larger difference in the brightness/intensity and not
in color. In [8], a fast method for detection faces based
on simple features is proposed. The authors introduced a
novel image representation, called the “integral image” which
allows relatively quick computation of predefined features. In
addition, the authors use the AdaBoost algorithm [9] that
selects a relatively small number of critical visual features
from a larger set and then yields extremely efficient classifiers.
A visual attention system, inspired by the behavior and the
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neuronal architecture of the early primate visual system, is
presented in [10]. Multiscale image features are combined
into a single topographical saliency map. The features are
based on color, intensity, and orientation. One of the most
popular methods for tracking a region in pixel domain is
based on color histogram [11]. The algorithm searches, in
the current frame, a region with a color histogram similar to
the histogram of the ROI from the previous frame. Second,
the compressed domain approach exploits DCT coefficients,
motion vectors [12–14], or mode decisions instead of original
pixel data as resources, in order to reduce computational
complexity of ROI detection and tracking. The encoded data
is not credible enough or insufficient to detect and trackmov-
ing objects. In general, the compressed domain algorithms
include two methods, such as the clustering method and
the filtering method. The clustering-based methods attempt
to perform grouping and merging all blocks into several
regions according to their spatial or temporal similarity.
Then, these regions are merged with each other or classified
as background or foreground.Themost advanced clustering-
based method, which handles the H.264/MPEG-4 AVC
standard, is the region growing approach, in which several
seed fragments grow spatially and temporally by merging
similar neighboring fragments [15]. On the other hand,
the filtering-based methods extract foreground regions by
filtering blocks, which are expected to belong to background
or by classifying all blocks into foreground and background.
Then, the foreground region is split into several object parts
through a clustering procedure. Currently, there are three
algorithms, which handle H.264/AVC compressed videos:
the Markovian Random Field-based (MRF-based) algorithm
[16], the dissimilarity minimization algorithm [17], and the
Probabilistic Data Association Filtering (PDAF) algorithm
[18].

Following the brief overview above, the region-of-interest
coding in SVC is presented and explained in detail in the next
Section 1.2.

1.2. Region-of-Interest Coding in SVC. Region-of-interest
(ROI) coding is a very desirable feature in future SVC-
based applications, especially in applications employed over
limited-bandwidth networks. However, the H.264/MPEG-4
AVC standard does not explicitly teach how to perform the
ROI coding.

The authors of this paper evaluate the ROI coding by
using various techniques supported in the H.264/MPEG-4
AVC standard [19] and its scalable video coding extension
[20–23]. Some of these techniques include a quantization step
size control at slice and macroblock levels and are related
to the concept of slice grouping, also known as the flexible
macroblock ordering (FMO). The tradeoff and effectiveness
of the six fixed FMO types are analyzed, for example,
in [24], which proposes an adaptive FMO-type selection
strategy for different video scenes and applications. Also,
[25] handles the ROI-based fine granular scalability (FGS)
coding, in which a user at the decoder side requires to receive
better decoded quality ROIs, while the preencoded scalable
bitstream is truncated. In addition, [26] presents the ROI-
based spatial scalability scheme, concerning two main issues:

overlapping regions between ROIs and providing different
ROIs resolutions. However, [26] follows the concept of slice
grouping of H.264/MPEG-4 AVC, considering the following
two solutions to improve the coding efficiency: (a) supporting
different spatial resolutions for various ROIs by introducing
a concept of virtual layers and (b) avoiding duplicate coding
of overlapping regions in multiple ROIs by encoding the
overlapping regions in such a manner that the corresponding
encoded regions can be independently decoded. Further, [27]
presents ROI-based coarse granular scalability (CGS), using
a perceptual ROI technique to generate a number of quality
profiles, and in turn, to realize theCGS.According to [27], the
proposed ROI-based compression achieves better perceptual
quality and improves coding efficiency. Moreover, [12] relates
to extracting the ROIs (i.e., of an original bitstream by
introducing a description-driven content adaptation frame-
work). According to [12], twomethods for the ROI extraction
are implemented: (a) a removal of non-ROI portions of a
bitstream and (b) a replacement of the coded background
with corresponding placeholder slices. As a result, bitstreams
that are adapted by this ROI extraction process have a
significantly lower bit-rate than their original versions.While
this has, in general, a profound impact on the decoded video
sequence quality, this impact is marginal in case of a fixed
camera and static background. This observation may lead
to new opportunities in the domain of video surveillance
or video conferencing. According to [12], in addition to the
bandwidth decrease, the adaptation process has a positive
effect on the decoder due to the relatively simple processing
of placeholder slices, thereby increasing the decoding speed.

In this work, a novel dynamically adjustable and scal-
able ROI video coding scheme is suggested, enabling to
adaptively and efficiently define the desirable ROI location,
size, resolution, and bit-rate. This further enables to provide
in Section 4 an efficient ROI scalable video coding scheme
with an adaptive bit-rate control, enabling to adaptively
change the ROI visual quality and amount of bits allocated
for each ROI, while considering the above constraints and
considering various predefined settings (e.g., user’s display
spatial resolution, etc.).

This paper is organized as follows: in Section 2, an
approach for efficiently extracting and obtaining the desired
ROI scalability is presented. In Section 2.1, a method of
cropping ROI from the original image and performing the
inter-layer prediction is evaluated while also evaluating the
ROI scalability by using the flexible macroblock ordering
method in Section 2.2. Further, a proposed adaptive bit-rate
control for the ROI scalable video coding is presented in
Section 3.The experimental results are discussed in Section 4,
and conclusions are provided in Section 5.

2. Extracting the Desired ROI Scalability
according to User-Predefined Settings

In this section, an approach for efficiently extracting and
obtaining the desired region-of-interest scalability of the
SVC-based video stream is presented, thereby enabling to
provide an efficient adaptive bit-rate control (presented in
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Section 3). In such a way, the ROI scalable video coding
can be used for various purposes, such as for streaming
to heterogeneous end-user devices over either wireline or
wireless networks and for broadcasting high-definition (HD)
video content.

It should be noted that automatically determining and
tracking the ROI region can be performed according to
many conventional efficient techniques and algorithms [15–
18]. Therefore, this issue is out of the scope of this paper.
Hereinafter, it is supposed that theROI region is appropriately
determined prior to the extraction, based on various state-of-
the-art methods, such as visual attention models [10, 28].

For extracting the desired ROI from each frame of the
video sequence, the background region (e.g., which is defined
as a particular FMO slice) is removed, and then the header
information within the H.264/MPEG-4 AVC parameter sets
is updated accordingly to exclude the removed data. It should
be noted that the H.264/MPEG-4 AVC parameter sets con-
tain higher-level parameters. Generally, the H.264/MPEG-
4 AVC specification includes two types of parameter sets: a
sequence parameter set (SPS), which applies to a series of
consecutive coded video pictures (i.e., coded video sequence)
and stay constant for the duration of the sequence and a
picture parameter set (PPS), which applies to the decoding
of one or more individual pictures within the coded video
sequence and stay constant for the duration of each picture.
This means that an active sequence parameter set remains
unchanged throughout a coded video sequence, and an active
picture parameter set remains unchanged within a coded
picture. The sequence and picture parameter set structures
contain information such as picture size, optional coding
modes employed, and macroblock to slice group map. Thus,
the PPS is used for decoding its video coding layer (VCL)
data, while each slice references its corresponding picture
parameter set.

The information regarding a particular ROI can be
determined within the parameter set by first determining
the physical location of the ROI within a picture (e.g., by
determining upper-left and bottom-right macroblocks of a
rectangular ROI).

In Section 2.1, a method of cropping ROI from the
original image and performing the inter-layer prediction is
evaluated.

2.1. Cropping the ROI from the Original Image and Performing
SVC Inter-layer Prediction. According to the first evaluated
method for the ROI scalable video coding, and in order to
enable the obtaining of a high-quality ROI on devices with
relatively small displays, the ROI is first cropped from the
original image and then is used as a base-layer/Layer 0 during
the SVC encoding process, which is schematically illustrated
in Figure 3.

In addition, an inter-layer prediction can be performed
in similar sections of each frame/picture, that is, defined as
cropping areas. As a result, by using the inter-layer prediction
for encoding of the three SVC layers (i.e., providing a different
spatial resolution for each SVC layer, such as the QCIF, CIF,
and 4CIF/SD resolution, resp.), a significantly low bit-rate
overhead can be achieved. It should be noted that prior to

Layer 0

Layer 1

Layer 2

CIFQCIF

Intra/inter-prediction

Inter-layer prediction

Figure 3: Example of the ROI dynamic adjustment and scalability
(e.g., for mobile devices with different spatial resolution) by using a
cropping method.

cropping the image, the location of a cropping area in the next
layer of the image is determined (e.g., first in Layer 1, and then
in Layer 2, as shown in Figure 3). For this, an extended spatial
scalability (ESS) method [29] can be employed.

Figures 4(a) and 4(b) present additional examples of the
ROI dynamic adjustment and scalability for end-user devices
with various spatial resolutions. According to Figure 4(a), for
example, a “box” in theman’s hand has significant importance
to users, and therefore, such a “box” is defined as the ROI. On
the contrary, according to Figure 4(b), it is more important
to see the man’s face and man’s lips clearly, which can be
especially useful for deaf people.

Tables 1–3 present typical rate-distortion (R-D) experi-
mental results for different cropping spatial resolutions of
the “SOCCER” video sequence while using the inter-layer
prediction. It should be noted that in this particular example,
the coding parameters are as follows: the frame rate is 30 fps;
the overall length is 300 frames; the GOP size is 16; the
quantization parameters (QPs) are set to 22, 26, 30, and 34.
The cropping was performed by selecting the ROI at the
upper-left corner of each frame.

It is clearly seen from these tables that there is significantly
low bit-rate overhead when compared to the single layer
coding, which is especially important for transmitting over
limited-bandwidth networks (such as wireless networks).

Table 1 presents the R-D experimental results for the two-
layer coding versus single layer coding, by providing different
spatial resolutions for each of the above-mentioned two
layers. Specifically, the QCIF-resolution video sequence is
defined as the SVCbase-layer/Layer 0, and theCIF-resolution
video sequence is defined as the SVC enhancement Layer 1. In
addition, as already noted above, the QCIF-resolution video
sequence is cropped from the CIF-resolution video sequence,
and the single layer coding refers to the CIF-resolution video
coding. Also, the SVC inter-layer prediction is performed, as
already discussed with regard to Figure 4.

As illustrated in Table 1, the bit-rate overhead for encod-
ing two SVC layers by using the inter-layer prediction is very
low and is only up to 7%.Also, Table 2 presents theR-D exper-
imental results for the two-layer coding versus single layer
coding, while this time defining the CIF-resolution video
sequence as the SVC base-layer/Layer 0, and the 4CIF/SD-
resolution video sequence as the SVC enhancement Layer 1.
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Figure 4: Additional examples of the ROI dynamic adjustment and scalability by using a cropping method.

Table 1: Two-layer (QCIF-CIF) spatial SVC coding versus single layer (CIF) coding (“SOCCER” video sequence, 30 fps, 300 frames, GOP
size is 16).

Quantization parameters Single layer (CIF) QCIF-CIF Bit-rate overhead (%)
PSNR [dB] Bit-rate [kb/s] PSNR [dB] Bit-rate [kb/s]

22 40.9 1636.8 40.9 1713.5 4.5
26 38.6 917.2 38.6 968.8 5.3
30 36.5 544.0 36.5 578.1 5.9
34 34.4 332.9 34.4 357.5 6.9

The single layer coding in Table 2 refers to the SD-resolution
video coding, and all other test conditions are exactly the
same.

As it is observed from Table 2, the bit-rate overhead is
only about 6%, which is very similar to the bit-rate overhead
in Table 1. Further, Table 3 presents the R-D experimental
results for the three-layer coding versus single layer coding,
while defining the QCIF-resolution video sequence as the
SVC base-layer/layer 0, the CIF-resolution video sequence as
the SVC enhancement Layer 1, and the 4CIF/SD-resolution
video sequence as the SVC enhancement Layer 2. Also,
the QCIF and CIF-resolution video sequences are cropped
accordingly, as in the previous tables. As it is seen from
Table 3, the bit-rate overhead varies between 4.7% and 7.9%,
when compared to the single layer coding, which is in line
with the outcomes presented in Tables 1 and 2.

To summarize the evaluation results presented in this
section, it is clearly seen that when using the SVC inter-layer
prediction along with the cropping technique, the bit-rate
overhead is very small and is less than 10%, when compared
to the single layer coding.

In Section 2.2, a flexible macroblock ordering (FMO)
method is presented for improving the region-of-interest
SVC scalability.

2.2. ROI Scalability byUsing the FlexibleMacroblockOrdering.
The second evaluatedmethod refers to the ROI scalable video
coding by using the flexible macroblock ordering (FMO)
technique [4]. One of the basic elements of the H.264 video
sequence is a slice, which contains a group of macroblocks.
Each picture can be subdivided into one or more slices and
each slice can be provided with increased importance as the
basic spatial segment, which can be encoded independently

from its neighbors [30–33] (the slice coding is one of the
techniques used inH.264 for transmission). Usually, slices are
provided in a raster scan order with continuously ascending
addresses; on the other hand, the FMO is an advanced tool of
H.264 that defines the information of slice groups and enables
to assign different macroblocks to slice groups, according
to several predefined patterns (types), as schematically pre-
sented in Figure 5.

Each slice of each picture/frame is independently intra-
predicted, and themacroblock order within a slice must be in
the ascending order. In H.264/MPEG-4 AVC standard, the
FMO technique relates to seven slice group map types (Type
0 to Type 6), six of them are predefined fixed macroblock
mapping types (interleaved, dispersed, foreground, box-out,
raster scan andwipe-out), which can be specified through the
Picture Parameter Set (PPS), and the last one is a custom type,
which allows the full flexibility of assigning macroblocks to
any slice group.

The ROI can be defined as a separate slice in the FMO
Type 2 [24], which enables defining slices of rectangular
regions, and then the whole sequence can be encoded
accordingly, while making it possible to define more than
one ROI region (these definitions should be performed in
the SVC configuration files, according to the JSVM reference
software manual (JSVM 9.19) [22]).

As noted above, for the ROI scalable video coding, the
FMO Type 2 (Figure 5) can be used, where each ROI is
represented by a separate rectangular region and is encoded
as a separate slice.

Table 4 presents experimental results for the four-layer
spatial scalable video coding (with the FMO technique
enabled) versus six-layer spatial scalable video coding of the
“SOCCER” video sequence. It should be noted that the coding
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Table 2:Three-layer (CIF-SD) spatial SVC coding versus single layer (4CIF/SD) coding (“SOCCER” video sequence, 30 fps, 300 frames, GOP
size is 16).

Quantization parameters Single layer (4CIF/SD) CIF-SD Bit-rate overhead (%)
PSNR [dB] Bit-rate [kb/s] PSNR [dB] Bit-rate [kb/s]

22 41.0 5663.3 40.9 5870.7 3.5
26 38.8 3054.9 38.7 3190.6 4.3
30 36.8 1770.2 36.7 1860.2 4.8
34 34.8 1071.3 34.7 1137.0 5.8

Table 3: Three-layer (QCIF-CIF-SD) spatial scalability coding versus single layer (4CIF/SD) coding (“SOCCER” video sequence, 30 fps, 300
frames, GOP size is 16).

Quantization parameters Single layer (4CIF/SD) QCIF-CIF-SD Bit-rate overhead (%)
PSNR [dB] Bit-rate [kb/s] PSNR [dB] Bit-rate [kb/s]

22 41.0 5663.3 41.0 5940.6 4.7
26 38.8 3054.9 38.8 3248.1 6.0
30 36.8 1770.2 36.8 1894.9 6.6
34 34.8 1071.3 34.8 1163.6 7.9

parameters are exactly the same as mentioned in Section 2.1.
Also, the above-mentioned four SVC layers are represented
by one CIF-resolution layer and three 4CIF/SD-resolution
layers having the CIF-resolution ROI in an upper-left corner
of the image. By such a way, the ROI quality in each layer can
be controlled according to the user’s needs (for simplicity, in
these experiments, the ROI quality in each layer is the same
as the quality of the background, that is, the ROI QP is equal
to theQP of the background (non-ROI) region). On the other
hand, the above-mentioned six layers are represented by three
CIF-resolution layers and three 4CIF/SD-resolution layers.

According to Table 4, there are significant bit-rate savings
of up to 10% by using the FMO technique. Further, Table 5
presents R-D experimental results for the high-definition
(HD) video sequence “STOCKHOLM” (as presented in
Figure 6) by using four-layer scalable video coding versus
eight-layer scalable video coding. The above-mentioned four
layers are represented by one 640 × 360 resolution layer
and three 720 p resolution layers, which in turn have a ROI
predefined in the upper-left corner of each frame by using
the FMO technique. The ROIs resolutions are CIF and SD,
respectively (for simplicity, the ROI quality in each layer is
the same as the quality of the background; i.e., the ROI QP
is equal to the QP of the background (non-ROI) region). On
the other hand, the above-mentioned eight layers contain two
CIF-resolution layers, three SD-resolution layers, and three
720 p resolution layers, which have different quantization
parameters varying from 32 to 36 with an interval of 2.

As it is seen from Table 5, in this case the bit-rate savings
are up to 33.5% by using the FMO technique. Further,
Table 6 presents the R-D experimental results for the same
“STOCKHOLM” video sequence by using four-layer scalable
video coding versus six-layer scalable video coding. The
above-mentioned four layers are represented by one 640×360
resolution layer and three 720 p resolution layers (similarly to
the settings of Table 4), which in turn have a ROI predefined
in the upper-left corner of each frame by using the FMO

technique.The ROIs resolutions are CIF and SD, respectively
(for simplicity, the ROI quality in each layer is the same
as the quality of the background; i.e., the ROI QP is equal
to the QP of the background (non-ROI) region). On the
other hand, the above-mentioned six layers contain three SD-
resolution layers and three 720 p resolution layers, which have
different quantization parameters varying from 32 to 36 with
an interval of 2.

According to Table 6, when using the FMO technique in
this case, the bit-rate savings reach 39%. Also, it is noted that
when perfuming the SVC coding of higher spatial resolutions
(such as the 720 p resolution), the achieved bit-rate savings
are much more significant.

In Section 3, a proposed adaptive bit-rate control for the
ROI scalable video coding is presented.

3. Adaptive Bit-Rate Control ROI Scalable
Video Coding

The bit-rate control is crucial in providing desired compres-
sion bit-rates for theH.264/MPEG-4AVCvideo applications,
and especially for the SVC-based applications [3, 34].

The bit-rate control has been intensively studied in the
recent video coding standards, such as MPEG-2, MPEG-4,
and H.264/MPEG-4 AVC [2, 35]. According to the existing
single layer rate control schemes, the encoder employs the
rate control as a way to control varying bit-rate characteristics
of the coded bitstream. Generally, there are two objectives
of the bit-rate control for the single layer video coding: one
is to meet the bandwidth that is provided by the network,
and another is to produce high-quality decoded pictures [36].
Thus, the inputs of the bit-rate control scheme are (a) the
given bandwidth; (b) the statistics of the video sequence
(e.g., including the mean squared error (MSE) or mean
absolute difference (MAD) of colocated pixels/macroblocks
in consecutive frames prior to performing the quantization);
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∙ Type 0 ∙ Type 1

∙ Type 3 ∙ Type 4 ∙ Type 5

∙ Type 2

Figure 5: Six fixed types of the FMO (interleaved, dispersed, foreground, box out, raster scan, and wipe out), while each color represents a
slice group [24].

Table 4: FMO: four-layer spatial scalability coding versus six-layer coding (“SOCCER” video sequence, 30 fps, 300 frames, GOP size 16).

Quantization
parameters

Four layers (CIF and three SD layers) by using the FMO Six layers (three CIF layers and three SD layers) Bit-rate
savings (%)PSNR [dB] Bit-rate [kb/s] PSNR [dB] Bit-rate [kb/s]

32 36.0 2140.1 36.0 2290.1 6.6
34 35.1 1549.4 35.1 1680.1 7.8
36 34.0 1140.1 34.0 1279.4 10.9

Figure 6: The 720 p resolution frame of the “STOCKHOLM” video
sequence, which presents two ROIs having CIF and SD resolutions.

and (c) a header of each predefined unit (e.g., a basic unit
which contains one or more macroblocks (MBs), or which
is a frame or a slice). In turn, the outputs are a quantization
parameter (QP) for the quantization process and another
QP for the rate-distortion optimization (RDO) process of
each basic unit, while these two quantization parameters, in
the single layer video coding, are usually equal in order to
maximize the coding efficiency [37–39].

In the current JSVM reference software [22], there is no
rate control mechanism, besides the base-layer rate control,
which does not consider the enhancement layers. The target
bit-rate for each SVC layer is achieved by coding each layer
with a fixed QP, which is determined by a logarithmic search
[22, 40]. Of course, this is very inefficient and very time

consuming. For solving this problem, only a few works
have been published during the last years, thereby trying
to provide an efficient SVC-based rate control mechanism.
However, none of them handles scalable bit-rate control for
the region-of-interest (ROI) coding. For example, in [41], the
rate distortion optimization (RDO) involved in the step of
encoding temporal subband pictures is only implemented on
low-pass subband pictures, and rate control is independently
applied to each spatial layer. Furthermore, for the temporal
subband pictures obtained from the motion compensation
temporal filtering (MCTF), the target bit allocation and
quantization parameter selection inside a GOP makes a
full use of the hierarchical relations inheritance from the
MCTF. In addition, [40] proposes a switchedmodel to predict
the MAD of the residual texture from the available MAD
information of the previous frame in the same layer and
the same frame in its base-layer. Further, [42] describes a
constant quality variable bit-rate (VBR) control algorithm for
multiple layer coding. According to [42], a target quality is
achieved by specifying memory capabilities and the bit-rate
limitations of the storage device. In themore recentwork [43],
the joint optimization of layers in the layered video coding
is investigated. However, as already mentioned above, there
is currently no efficient bit-rate control scheme for the ROI
scalable video coding.

Below, a method for the efficient ROI scalable video cod-
ing is presented. This method employs the FMO technique,
which is evaluated in detail in Section 2.2. According to the
proposed method, a bit-rate close to the target bit-rate is
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Table 5: FMO: four-layer coding versus eight-layer coding (“STOCKHOLM”, 30 fps, 96 frames, GOP size is 8).

Quantization
parameters

Four layers
(one 640 × 360 layer, and three 720p layers)

by using the FMO

Eight layers
(two CIF layers, three SD layers, and three 720p layers) Bit-rate

savings (%)
PSNR [dB] Bit-rate [kb/s] PSNR [dB] Bit-rate [kb/s]

32 34.5 2566.2 34.5 3237.0 20.7
34 33.9 1730.2 33.9 2359.1 26.7
36 33.3 1170.0 33.3 1759.0 33.5

Table 6: FMO: four-layer coding versus six-layer coding (“STOCKHOLM”, 30 fps, 96 frames, GOP size 8).

Quantization
parameters

Four layers
(640 × 360, and three HD layers) by using the FMO Six layers (three SD layers, and three HD layers) Bit-rate

savings (%)
PSNR [dB] Bit-rate [kb/s] PSNR [dB] Bit-rate [kb/s]

32 34.5 2566.2 34.5 3330.7 19.3
34 33.9 1730.2 33.9 2412.0 29.7
36 33.3 1170.0 33.3 1784.0 39.9

achieved, as further presented in Section 4.Also, the desirable
ROI quality is achieved in terms of the peak signal-to-
noise ratio (PSNR), while adaptively varying the background
region quality according to the overall bit-rate.

In order to provide the different visual presentation
quality to at least one ROI and to the background region
(or other less important regions), each frame is divided into
at least two slices: one slice is used for defining the ROI
and one additional slice is used for defining the background
region, for which fewer bits should be allocated. If more
than one ROI is used, then the frame is divided into a larger
number of slices, such that for each ROI a separate slice is
used.

The method for performing the adaptive ROI SVC bit-
rate control for each SVC layer is as follows:

(a) Compute the number of target bits for the current
GOP and after that for each frame (of each SVC
layer) within the above GOP by using a hypothetical
reference decoder (HRD) [44]. The number of target
bits TBSVC Layer

𝑡
(𝑖) for frame 𝑖 should be a weighted

combination of the remaining bits for encoding the
remaining frames (within the current GOP), and the
target bits which were allocated for frame 𝑖; this is
formulated as follows:

TBSVC Layer
𝑡
(𝑖) = 𝛽 ⋅ TB̃SVC Layer

𝑟
(𝑖) + (1 − 𝛽) ⋅ TB̂

𝑡

SVC Layer
(𝑖) ,

(1)

where 𝛽 is a weight coefficient; TB̃SVC Layer
𝑟
(𝑖) is a

number of remaining bits for encoding the current
frame 𝑖 in each SVC layer; and TB̂SVC Layer

𝑡
(𝑖) is

a number of target bits allocated for frame 𝑖 in
the current GOP of each SVC layer. TB̃SVC Layer

𝑟
(𝑖)

and TB̂SVC Layer
𝑡
(𝑖) are represented by the following

expressions:

TB̃SVC Layer
𝑟
(𝑖) =

TBSVC Layer
𝑟

𝐹
𝑟

,

TB̂SVC Layer
𝑡
(𝑖) =

(TBSVC Layer
𝑟
/𝐹
𝑟
) ⋅ 𝜎
2
(𝑖)

(1/ (𝐹 − 𝐹
𝑟
))∑
𝐹−𝐹
𝑟

𝑗=1
𝜎2 (𝑗)

,

(2)

where 𝐹
𝑟
is a number of remaining frames; 𝐹 is

the total number of frames in the current GOP;
TBSVC Layer
𝑟

is the number of remaining bits for encod-
ing the remaining frames; 𝜎(𝑖) is the predicted MAD
of the current frame 𝑖; and 𝜎(𝑗) is the actual MAD
of the previous frame 𝑗. It should be noted that upon
determining a number of target bits TBSVC Layer

𝑡
(𝑖) for

frame (𝑖), the bits for each region within the frame
(i.e., one ormore ROIs and background) are allocated
according to the desired ROI QP, which is preset by a
user. Of course, if better visual quality is required at
the particular ROI, thenmore bits are allocated to that
region, and vice-versa.

(b) Allocate the remaining bits to all noncoded mac-
roblocks (MBs) for each predefined slice in the cur-
rent frame of the particular SVC layer.

(c) Estimate the MAD for the current macroblock in
the current slice by a linear prediction model [35,
45] using the actual MAD of the macroblocks in
the colocated position of the previous slices (in the
previous frames) within the same SVC layer and the
MAD of neighbor macroblocks in the current slice.
Suppose that the predicted MAD of current basic
unit in the current frame and the actual MAD of
basic unit in the colocated position of previous frame
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Table 7: Test conditions for performing the tests/evaluation.

Settings All tested video sequences
QP settings

Base-layer (Layer 0), which only contains the ROI 40

Enhancement layer (Layer 1), which contains both the ROI
and the background region

Is adaptively varied from 20 to 40, depending on the ROI QP:
for ROI QP = 20, the background region QP is varied from 20 to 40;
for ROI QP = 37, and the background region QP is varied from 37 to
40.
The ROI was selected at the middle of the frame for all sequences.

Spatial resolution
Base-layer (Layer 0) CIF (352 × 288)
Enhancement layer (Layer 1) 4CIF/SD (704 × 576)

Frame rate
Base-layer (Layer 0) 30 fps
Enhancement layer (Layer 1) 30 fps

Coding options used
Motion vector (MV) search range is 16; number of coded frames is
100 to 300; fast search is ON; number of reference frames is 1; GOP
size is 16; GOP type is IPPP.

CODEC JSVM 9.19

are denoted byMADCUR andMADPRED, respectively.
The linear prediction model is then given by

MADCUR = 𝐵1 ∗MADPRED + 𝐵2, (3)

where 𝐵
1
and 𝐵

2
are corresponding coefficients,

which are calculated regressively. The initial values
𝐵
1
and 𝐵

2
can be set, for example, to 0.85 and

0.15, respectively, based on empirical measurements.
These coefficients are updated after coding each mac-
roblock.

(d) Estimate a set of groups of coding modes (e.g., modes
such as Inter-Search16 × 8, Inter-Search8 × 16, Inter-
Search8 × 8, Inter-Search8 × 4, Inter-Search4 × 8,
Inter-Search4 × 4modes, and the like) of the current
macroblock in the current frame within the above
SVC layer by using the actual group of coding modes
for the macroblocks in the colocated positions of the
previous frame(s) and the actual group of coding
modes of neighbor macroblocks in the current frame.

(e) Compute the corresponding QPs by using, for exam-
ple, a quadratic model of [46, 47].

(f) Perform the rate-distortion optimization for eachMB
by using the QPs derived from the above Step (e) [45,
48].

(g) Adaptively adjust the QPs (increase/decrease the QPs
by a predefined quantization step size), according to
the current overall bit-rate.

In Figure 7, a block-diagram for performing the pro-
posed adaptive bit-rate control for the scalable video coding
is presented. For simplicity, only two layers are shown—
base-layer (Layer 0) and enhancement layer (Layer 1). The
block-diagram of Figure 7 contains the SVC adaptive bit-
rate controller, which continuously receives data regarding

the current buffer occupancy, actual bit-rate, and quantiza-
tion parameters.

It should be noted that Step (f) above can be performed
by using amethod [45, 48] for determining an optimal coding
mode for encoding each macroblock. According to [45, 48],
the RDO for each macroblock is performed for selecting an
optimal codingmode byminimizing the Lagrangian function
as follows:

𝐽 (orig, rec,MODE | 𝜆MODE)

= 𝐷 (orig, rec,MODE | QP)

+ 𝜆MODE ⋅ 𝑅 (orig, rec,MODE | QP) ,

(4)

where the distortion 𝐷(orig, rec,MODE | QP) can be the
sum of squared differences (SSD) or the sum of absolute
differences (SAD) between the original block (orig) and the
reconstructed block (rec); QP is themacroblock quantization
parameter;MODE is amode selected from the set of available
prediction modes; 𝑅(orig, rec,MODE | QP) is the number
of bits associated with selecting MODE; and 𝜆MODE is a
Lagrangian multiplier for the mode decision [49].

According to a buffer occupancy constraint, due to the
finite reference SVC buffer size, the buffer at each SVC layer
should not be full or empty (overloaded or underloaded,
resp.). The formulation of the optimal buffer control (for
controlling the buffer occupancy for each SVC layer) can be
given by

min{
𝑁

∑

𝑖=1

𝑒 (𝑖)} , subject to 𝐵Layermax ≥ 𝐵
Layer
(𝑖) ≥ 0,

for 𝑖 = 1, 2, . . . , 𝑁,

(5)

where 𝑒(𝑖) is a distortion for basic unit 𝑖 (the basic unit can
contain one or more macroblocks, or to be a frame or a slice);
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Figure 7: The block-diagram for performing the presented adaptive spatial bit-rate control for the scalable video coding (for simplicity, only
two layers—Layer 0 and Layer 1—are presented).

𝐵
Layer
(𝑖) is a buffer size for basic unit 𝑖; and 𝐵Layermax is the

maximal buffer size. The state of the buffer occupancy can be
defined as

𝐵
Layer
(𝑖 + 1) = 𝐵

Layer
(𝑖) + 𝑟

Layer
(𝑖) − 𝑟

Layer
out , (6)

where 𝑟Layer(𝑖) is the buffer input bit-rate with regard to each
SVC layer, and 𝑟Layerout is the output bit-rate of buffer contents.
Theoptimal buffer control approach is related to the following
optimal bit allocation formulation:

min{
𝑁

∑

𝑖=1

𝑒 (𝑖)} , subject to
𝑛

∑

𝑖=1

𝑟
Layer
(𝑖) ≤ 𝑅

Layer
,

for 𝑖 = 1, 2, . . . , 𝑁,

(7)

where𝑅Layer is a target bit-rate for each SVC layer.Theoptimal
buffer control approach is further schematically presented in
Figure 8.

In order to overcome the buffer control drawbacks
and overcoming buffer size limitations, preventing under-
flow/overflow of the buffer, and significantly decreasing the
buffer delay, the computational complexity (such as a number
of CPU clocks) and bits of each basic unit within a video

sequence can be dynamically allocated, according to its
predicted MAD. In turn, the optimal buffer control problem
(5) can be solved by implementing the C-R-D analysis of [49–
52] for each SVC layer.

For simplicity, in this paper, the experimental results for
the bit-rate control of only two layers are shown: base-layer
(Layer 0) and enhancement layer (Layer 1), while the ROI
region is provided in both Layer 0 and Layer 1, and the
background region is provided only in Layer 1, as illustrated in
Figure 9. According to the presented adaptive bit-rate control
method, different initial quantization parameters (QPs) are
predefined for each layer: for example, for the whole Layer 0
an initial quantization parameter can be set to be equal to 40;
on the other hand, for the ROI region provided in Layer 1, an
initial quantization parameter can be set to be equal to 20, and
then the QP of the remaining background region in Layer 1
is determined adaptively by the proposed bit-rate control. It
should be noted that the detailed test conditions are further
provided in Table 7.

By such away, the desired quality of the region-of-interest
can be obtained, according to the overall network bandwidth
(either constant or variable bandwidth).

As a result, by encoding the video sequence with different
QPs, the optimal presentation quality of the predefined ROI
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by the proposed bit-rate control; (b) CIF ROI is used as base-layer (Layer 0), and 4CIF (SD) is used as an enhancement layer (Layer 1). The
intra/inter-prediction is used for reducing the overall bit-rate.

region is obtained, thereby enabling to reduce the quality of
the background, as presented, for example, in Figure 10 for
the “SOCCER” video sequence (25 fps, SD resolution).

Further, the detailed experimental results are presented in
Section 4.

4. Experimental Results

In this work, six conventional test sequences were evaluated,
including “PARKRUN,” “HIELDS,” “CREW,” “CITY,” “HAR-
BOR,” “ICE,” and “SOCCER,” while all tests/experiments were
conducted in similar test conditions, as presented in Table 7.

The used test platform is Intel Core 2DuoCPU, 2.33GHz,
2GB RAMwithWindows XP Professional operating system,
version 2002, and Service Pack 3.

It should be noted that the performed experimental
results mainly refer to the spatial SVC scalability evalu-
ation and the quality SVC scalability evaluation [3] (i.e.,
the medium grained scalability (MGS) and coarse grain
scalability (CGS) evaluation), which are presented in Sections
4.1 and 4.2, respectively.

4.1. Spatial Scalability Evaluation. Figure 11 illustrates a frame
(number 90) of the “PARKRUN” video sequence, which
contains the ROI region in the middle of the frame—the
man with an umbrella. The quantization parameter of the
background region is determined adaptively in order to
achieve optimal video presentation quality (depending on the
particular video content and on the desired ROI QP value,
which is preset by a user). As it is seen from Figure 11(b), the
QP of the background region is much higher than the QP of
the ROI region (particularly, for this example, the ROI QP is
equal to 20, and the QP of the non-ROI region (i.e., of the
background region) is about 40).

Further, Figure 12 presents another frame (number 4)
of the “SHIELDS” video sequence, which also contains the
ROI region in the middle of the frame—a man’s head and
hand pointing to the shields. The quantization parameter of
the background region is determined adaptively according
to the adaptive bit-rate control. Similarly to Figure 11(b), in
Figure 12(b) the QP of the background region is much higher
than the QP of the ROI region (particularly, the ROI QP is
equal to 20, and the QP of the non-ROI region is about 40).
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Figure 10: The “SOCCER” video sequence (SD-resolution, 25 fps),
which contains the ROI region in the upper-left corner.

(a)

(b)

Figure 11: The “PARKRUN” video sequence containing the ROI
region in the middle of the frame, the man with an umbrella (the
quantization parameter of the background region is determined
adaptively); (a) the original frame; and (b) the compressed frame
with the higher-quality ROI region.

Table 8 presents experimental results for the proposed
bit-rate control scheme for various video sequences: “CITY,”
“CREW,” “HARBOR,” “ICE,” and “SOCCER.” According to
the experimental results presented in Table 8, the QP of Layer
0 is equal to 40, and the QP of the ROI in Layer 1 is equal to
37, while the QP of the background of Layer 1 is determined
adaptively. According to Table 8, the actual bit-rate is close
to the target bit-rate. Also, it should be noted that the
degradation of the PSNR values for the ROI is relatively low,
especially when considering very significant bit-rate savings
by using the proposed bit-rate control scheme. For example,
for the “CITY” video sequence, by using the conventional
base-layer rate control of JSVM 9.19 [22], the ROI PSNR
value is 31.7 dB, while it is around 30 dB when using the
proposed bit-rate control scheme. On the other hand, the
bit-rate savings are very significant: the bit rate is reduced
from 713.8 kb/s to about 445 kb/s, which is a decrease of about
38%. Very similar conclusions are made for all tested video
sequences, which are presented in Table 8.

Also, Table 9 presents additional experimental results
for the bit-rate control scheme for “CREW,” “SHIELDS,”
“PARKRUN,” and “SOCCER” video sequences. According to
the experimental results presented in Table 9, the QP of Layer
0 is equal to 40, and the QP of the ROI in Layer 1 is equal to
20, while the QP of the background of Layer 1 is determined
adaptively.

According to Table 9, the actual bit-rate is very close to
the target bit-rate. Also, similarly to Table 8, the degradation
of the PSNR values for the ROI is relatively low, especially
when considering very significant bit-rate savings by using
the proposed bit-rate control scheme. For example, for the
“PARKRUN” video sequence, by using the conventional
base-layer rate control of JSVM 9.19, the ROI PSNR value is
28.1 dB, while it is around 24 dB when using the proposed
bit-rate control scheme. On the other hand, the bit-rate
savings are very significant: the bit rate is reduced from
1435.2 kb/s to about 701.5 kb/s, which is a decrease of about
51%. Analogically to Table 8, the very similar conclusions are
made for all tested video sequences.

4.2. Quality Scalability Evaluation: Medium Grained Scala-
bility (MGS) and Coarse Grain Scalability (CGS). According
to [3], the quality scalability can be considered as a special
case of the spatial scalability with identical picture sizes and
different QPs for the SVC base-layer and enhancement layers.
This case is usually referred to as the coarse grain scalability
(CGS), in which the same inter-layer prediction mechanisms
as for the spatial scalable coding are employed, but without
using upsampling operations and the interlayer deblocking
for intra-coded reference layer macroblocks [3]. In addition,
for increasing the flexibility of bit stream adaptation and
error robustness, and also for improving the coding efficiency
for bit streams that have to provide a variety of bit rates,
a variation of the CGS approach, which is also referred to
as the medium grain scalability (MGS), is provided as a
part of the SVC standard [3]. The differences to the CGS
concept are a modified high-level signaling, which allows the
switching between different MGS layers in any access unit,
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(a) (b)

Figure 12: The “SHIELDS” video sequence containing the ROI region, a man’s head and hand pointing to the shields (the quantization
parameter of the background region can be determined adaptively); (a) the original frame; and (b) the compressed frame with the higher-
quality ROI region.
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Figure 13: Quality scalability comparison of the JSVM 9.19 reference software versus the proposed bit-rate control method (three layers of
JSVM 9.19 versus two layers of the proposed rate control scheme; “STOCKHOLM” video sequence). The QP values for each layer are 30, 35,
and 40. (a) CGS comparison; and (b) MGS comparison.

and the so-called key picture concept, which allows the
adjustment of a suitable tradeoff between drift and enhance-
ment layer coding efficiency for hierarchical prediction struc-
tures [3].

In this section, the performance of the JSVM 9.19 refer-
ence software [22] is compared with the proposed adaptive
bit-rate control method. In the JSVM software, three quality
layers of QCIF, CIF, and SD resolutions are used (the test
conditions are specified in Table 7). On the other hand, in
the proposed adaptive bit-rate control scheme, only two
quality layers of CIF and SD-resolutions are used. In turn,
the PSNR quality and bit-rate of the base-layer (Layers 0) and
enhancement layer (Layers 1) of the JSVM 9.19 was compared
with the same of the proposed bit-rate control scheme. As is
seen from Figure 13, for both CGS andMGS scalability types,

the proposed adaptive bit-rate control scheme provides, for
each layer, much better results in terms of the bit-rate, while
the PSNR degradation (when it exists) is relatively low.

Thus, according to Figures 13(a) and 13(b), by using the
proposed rate control scheme, the bit-rate is reduced almost
twice, while the PSNR degradation is at average only about
2 dB. Also, as it is observed from Figure 13, the CGS andMGS
performance is relatively similar for both the proposed bit-
rate control scheme and JSVM reference software. Further,
Figure 14 presents a comparison of the CGS versus MGS
quality types according to the proposed adaptive bit-rate
control scheme.

As seen from Figure 14, the MGS and CGS of the base-
layer (Layer 0) provide equal results, and the MGS of the
enhancement layer (Layer 1) provides better results in terms
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Table 8: Bit-rate control experimental results for “CITY,” “CREW,” “HARBOR,” “ICE,” and “SOCCER” video sequences (ROI QP in Layer 1
is equal to 37; the rest is determined by the proposed bit-rate control scheme; the detailed test conditions are provided in Table 7).

Video
sequence

Target bit-rate for Layer 1
with the proposed bit-rate

control

Layers
Actual bit-rate: Layer 1 with the proposed
bit-rate control (ROI QP = 37, the rest by
the proposed rate control)

Actual bit-rate of Layer 0 with JSVM
9.19 bit-rate control (QP = 40)

Bit-rate [kb/s] Bit-rate [kb/s] Average PSNR
[dB] Bit-rate [kb/s] Average PSNR

[dB]

CITY

400 406.0 29.7

713.8 31.7450 445.0 30.1
500 464.5 30.1
550 471.4 30.4

CREW

400 437.0 31.8

897.7 34.5450 446.5 31.9
500 455.5 31.9
550 455.5 31.9

HARBOR

600 598.4 28.0

1628.7 31.1650 683.7 28.5
700 728.0 28.7
750 729.0 28.7

ICE

350 383.1 34.6

542.2 37.3400 386.7 35.0
450 391.3 35.2
500 391.3 35.2

SOCCER 600 557.2 28.7 1119.2 32.0
650 559.6 28.7
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Figure 14: The CGS versus MGS comparison of the proposed
adaptive bit-rate control method.The testedQP values for each layer
are 30, 35, and 40.

of the PSNR, when compared to the JSVM reference software
[22].

5. Conclusions

In this paper, an efficient scalable ROI video coding
scheme was presented, enabling to extract the desired

regions-of-interest and adaptively set the desirable ROI
location, size, and resolution. Two methods for the scalable
ROI video coding have been evaluated, that is, the ROI
cropping method and the FMO method for the ROI coding,
introducing a significantly low bit-rate overhead and very
significant savings in bit-rate, respectively. In addition, an
efficient adaptive bit-rate control for the ROI scalable video
coding was presented, which, in turn, enables to obtain the
desired high-quality region-of-interest and achieve signifi-
cant overall bit-rate savings, while the average PSNRdegrada-
tion for each frame (including the ROI) is relatively low. The
performance of the presented techniques was demonstrated
and compared with the SVC reference software (JSVM 9.19),
thereby showing significant improvements in terms of the
bit-rate savings as a tradeoff of the relatively low PSNR
degradation.
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Table 9: Bit-rate control experimental results for “CREW,” “SHIELDS,” “PARKRUN,” and “SOCCER” video sequences (ROI QP in Layer 1 is
equal to 20; the rest is determined by the proposed bit-rate control scheme; the detailed test conditions are provided in Table 7).

Video
sequence

Target bit-rate for Layer 1
with the proposed bit-rate

control

Layers
Actual bit-rate: Layer 1 with the proposed
bit-rate control (ROI QP = 20, the rest by
the proposed rate control)

Actual bit-rate of Layer 0 with JSVM
9.19 bit-rate control (QP = 40)

Bit-rate [kb/s] Bit-rate [kb/s] Average PSNR
[dB] Bit-rate [kb/s] Average PSNR

[dB]

CREW 1600 1691.4 30.1 2195.0 35.0
1700 1691.4 30.1

SHIELDS 5000 6393.1 37.8 6969.0 38.3
6000 6399.6 38.2

PARKRUN

700 701.5 24.0

1435.2 28.1750 714.9 24.1
800 717.4 24.2
850 843.8 25.1

SOCCER 2300 2473.9 28.1 4105.9 34.1
2500 2478.4 28.2
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