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Adaptation for Object-based MPEG—4
Content with Multiple Streams
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Abstract In this paper, an adaptive algorithm is proposed in streaming MPEG-4 contents with
fluctuating resource amount such as throughput of network conditions. In the area of adaptive
streaming issue, a lot of researches have been made on how to represent encoded media(such as
video) bitstream in scalable way. By contrast, MPEG-4 supports object-based multimedia content
which is composed of various types of media streams such as audio, video, image and other graphical
elements. Thus, it can be more effective to provide individual media streams in scalable way for
streaming object-based content to heterogeneous environment. The proposed method provides the
multiple media streams corresponding to an object with different qualities and bit rate in order to
support object based scalability to the MPEG-4 content. In addition, an optimal selection of the
multiple streams for each object to meet a given constraint is proposed. The selection process is
adopted a multiple choice knapsack problem with multi-step selection for the MPEG-4 objects with
different scalability levels. The proposed algorithm enforces the optimal selection process to maintain
the perceptual qualities of more important objects at the best effort. The experimental results show
that the set of selected media stream for presenting objects meets a current transmission condition
with more high perceptual quality.
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1. INTRODUCTION

With the rapid development of the broadband
communication networks, multimedia streaming
1s becoming a dominant application. For
examples, video clips are often serviced via
commercial streaming video players with mobile
phone. However, due to the inherent resource
sharing nature of the wire or wireless network,

it is very difficult to ensure the reserved
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bandwidth to a certain connection. Hence, for
the multimedia streaming, the instantaneous data
rate must frequently be tailored to fit the
current available bandwidth.

Scalable video coding schemes are able to
provide a simple and flexible way for the video
streaming by changing the bit rate of original
On the other hand, MPEG-4
provides an object based scene representation
which multiple objects are
represented and rendered in a single scene[1-4].

video data.

framework in
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An MPEG-4 scene 1s composed of individual
audio-visual ohjects that are carried in separate
Elementary Streams(ES)[5]. Each object in an
MPEG-4 scene may be realized by its
corresponding ES transmitted from its sender.
The elementary streams for the same object
may differ in encoded bit-rates, resolutions, etc.,
so that MPEG-4 also allows for scalability of
objects in terms of spatial, temporal scalabilities
by layered representation. That is, one single
object can be represented with several ESs in
different layers.

In this paper, we propose an optimal way of
adapting MPEG-4 scenes with multiple media
streams for elementary streams of objects. At
the presentation, an object included in the
content increases the overall quality of the
content quality (eg,
priority, etc.) and

according to its
signal-to—noise  ratio,
decreases the available resources based on its
resource requirement (e.g., encoded bit rate,
required buffer size, etc.). Given pre-specified

resource constraint (e.g., available network
resources, terminal characteristics, user
characteristics, natural environment

characteristics, etc.) that must not be exceeded,
the problem can be defined as finding a subset
of objects to be included to maximize the
overall qualityl6]. P. Batral6]
mathematical formulations for modeling object-
based scalability using the knapsack problem
and its solving algorithm.

As mentioned above, the elementary streams
for an object may differ in terms of the
encoding characteristics which require different
bit rates, buffer sizes, decoding overload and so
on. The focus is then made on how to optimally
reconstitute an original rich MPEG-4 content

presents

according to a given set of constraints by
finding optimal set of object’s elementary
streams to be transmitted.

Based on the model in [6,7], we propose an
adaptation method to find a feasible solution for

an MPEG-4 content. In our system multiple
elementary streams for the objects are provided
and selected a set of streams for which the
combination of the
maximization presentation quality of the content
under the constraint. To achieve this, we define
multi-step process which make
different maximization conditions and
constraints. FEach

‘streams  gives the

selection

step of the optimization
process, the objects with higher priorities are
more importantly considered in the selection. To
this end, the objects with lower priorities are
less likely to be selected so that the entire
quality of the adapted content can be maintained
with higher perceptual quality.

Several other researches address the issue of
resource variation in networks by providing an
adaptive architecture with MPEG-4 streams.

A. Mahajan et al[8] proposed an adaptive
MPEG-4 stream service system for wireless
networks. Their system is developed based on
an end-system aware architecture for improving
QoS in wireless networks. They use a layered
encoding feature provided by MPEG-4 and
H26x video standards. The adaptation is
achieved by using which is
transmitted from a client. The client periodically
sends feedback about bandwidth availability and
user preference values to the server. Based on
the values, the system dynamically selects the
appropriate copy of audio or video stream.

information

Thus, the proposed system provides user level
adaptive streams with avoiding the network
congestion. However, comparing with our
system, A. Mahajan et al. treated the adaptation
issue more simply. That is, the system selects
a stream among pre-encoded streams based on
the values of available bandwidth and user
preference on scalability levels for specific audio
or video streams. In case that an enhancement
layer required from a user does not exist, the
corresponding enhancement layer stream can not
be transmitted. One of the major distinctions on
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our proposed method is to treat the MPEG-4
scene with multiple objects and to adapt the
objects at different scalability levels.

R. S. Ramanujan et al.[9] presented the design
of an adaptive service for streaming MPEG
video over IP environment. The research aspect
of the design is a video adaptation algorithm
that performs the adaptation delivering the best
quality for the video playback for a given QoS
delivered by the underlying infrastructure. In
this research, the receiver end maintains a video
buffer from which the video player retrieves
video frames for playback. The receiver buffers
a predetermined number of video frames before
allowing the player to start playback. The
server end of the streaming service dynamically

performs any necessary adaptation to the
transmitted video stream. Similar to A.
Mahajan, to reduce the  computational

requirements required to perform on-the-fly
adaptations of the video stream, an off-line
process is used to convert an MPEG file into a
layered MPEG
performance of this research brings focus into
determination of a subset of the stored layers
that is transported to the receiver end of the
adaptive service. As mentioned above, this is no
investigation using the MPEG-4 object based
composition scheme for content adaptation like

format. Thus, the main

our research. That is, the above research mostly
considers the audio or video streams but not
scenes that are composed of multiple audio or
video streams.

Recently, there has been much research on
how to advance FGS. Such an effort is being
within MPEG-21 standardization as
scalable video coding(SVC). However, most of
research has been focused at scalable
representation of a single video stream.

This paper is organized as follows: In Section
2, we describe a conceptual structure of
MPEG-4 content in terms of object-based
composition. Moreover some preliminaries are

made

described. A way of optimally reconfiguring an
MPEG-4 scene is introduced based an
optimization algorithm for adapting MPEG—4
bitstream in order to deliver it under a given
bandwidth constraint in Section 3. We show
experimental results based our proposed
methods in Section 4 and we summarize our
work and discuss about the future work in
Section 5.

2. OVERVIEW OF MPEG-4 CONTENT

2.1 Object-based Scalabilty of MPEG-4
Content

MPEG-4 enables the author of a multimedia
scene to accurately render his composition by
parsing a scene description, which effectively
defines the structure of the different types of
media objects in space and time[10-13]. That is,
the scene consists of multiple objects, each of
which can be of any type such as rectangular
video, arbitrary shaped video, natural audio,
synthetic audio, speech, text and graphics, etc.
The scene information about the spatio—temporal
composition of these audiovisual objects and
text are represented as a scene description with
their rendering characteristics. Therefore the
objects have their own schedules in predefined
manners in the scene description.

In addition to the object based scene
representation, MPEG-4 also allows for
scalability of objects in terms of spatial,

temporal and peak signal-to—noise ratio (PSNR)
scalabilities by layered representation. Thus, one
single object can be represented with several
elementary streams in different layers. For
example, a video object may be represented
with three different elementary streams in
different encoded bitstreams such as 128kbps,
256kbps and 512kbps. At the rendering time, the
selected stream among the three differently
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encoded sources will be presented for the video
object. Depending on the processing capability,
available network bandwidth or a user’s specific
requirement, appropriate elementary stream can
be selected for the video object.

The format of MPEG-4 contents consists of
the following data: IOD (initial object descriptor)
which carries information about a list of points
for Object Descriptor streams; OD (Object
Descriptor) is used to achieve the mechanism
linking media streams (Elementary Streams) and
the scene description; BIFS (Blnary Format for
Scene) which describes a scene information and
rendering characteristics of each object in the
scene; OD that contains a list of ESD
(Elementary Stream Descriptor); ESD  that
actually points elementary streams of each
object in the MPEG-4 scene and ESs that are
encoded bitstreams for the MPEG—4 objects.

The scene description is mapped into the
BIFS which is depicted as scene tree. In the
BIFS, the nodes are associated with the
individual MPEG—-4 objects. An OD which may
contain several ESDs for multiple scalability
levels. Each layer provides the scalability in
terms of both encoded hit ratio and perceptual
quality. When the bitstream is adapted to
specific constraints such as network throughput,
an appropriate ES is selected from multiple
stream layers for an object.

2.2 Preliminaries

The MPEG-4 scene is composed of a set of
audiovisual objects. Thus an MPEG-4 scene
which is denoted as can be represented as
following set.

M = {0 | O; is an audiovisual object, i =
1,2,...n} where audiovisual objects are detected
by parsing the BIFS data which is identified by
the Initial Object Descriptor (IOD).

The elementary streams corresponding objects

are delivered according to their temporal

interval, thus the MPEG-4 stream itself can be
fluctuated. The temporal attribute of an object
is represented as (st, et) where st and et denocte
the time instances of the start and the end of
the temporal duration, respectively[7]. Moreover
the object should identify its OD by referencing
a unique identification number (OD_ID). A
priority value (denoted as P) can be assigned
on each object by content authors manually or
content authoring automatically.
Therefore, an object O,€M is represented as a
tuple (OD_ID, st, et, P).

A dot notation(.) is used to indicate the
elements of the tuple. The OD of an object O
which may contain a set of ESDs can be
accessed by referencing O.OD_ID. The ESDs
identify the ES and describe the characteristics
of the ESs in terms of perceptual quality and
encoded bitrate. The ESD is represented as a
tuple (ES_ID, BER, PQ). ES_ID denotes the
unique number identifying the ES layer, while

system

BER and PQ@ denote the encoded bitrate and

relative perceptual quality of the corresponding
ES, respectively.

The quality of an ES is measured as a PSNR
value. According to the PSNR, the perceptual
quality assigned to each ES layer of an object
is in the unit interval [0,1].

We denote Oy as the i ES layer of the
object O, which is identified by the j”’ ESD.
The fh ESD also contains the perceptual
quality P; and the encoded bitrate S,
respectively. P; and S; are assigned from the
ESD.P@ and ESD.BER, respectively.

3. OBJECT BASED ADAPTATION OF
MPEG-4 CONTENT

This section describes the trade-off method to
find a subset of objects’ elementary streams
included in a scene so as to maximize the
presentation quality with network throughput
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efficiency optimization.
3.1 Optimal Object Configuration Algorithm

In our system, we assume that the
elementary streams which participated in an
MPEG-4 content are layered in the encoded
with different perceptual quality. Layered
encoded streams are useful in order to cope
with the heterogeneity of user access rates and
with the competing traffic in the links between
server and client. Moreover these off-line
process is used to derive information that can
be used by the server to determine which
streams to apply to maximize the perceptual
quality of the content for the available resources
that is supported by network and receiver(14].
At transmission time, the set of objects which
are to be transmitted at time ¢ is represented as
M= {0,st<t< O, et, 0, €E M;i=1,2,...k;n}.

Note that the maximum requirement bit rate
of an object O.€ M, is identified by Sy The
transmission bitrate of M;, BR(M;) is calculated
by the equation (1).

BR(M)= Y BR(0),i=1,2,.n 6))
OEM,

The objective of the adaptation method is to
find a stream layer of each object to maximize
the overall quality of transmitted
satisfy a given constraints. This problem can be
knapsack

streams
categorized in the known as
problem[6]. To solve the problem, our proposed
adaptation method is performed in multiple
steps: First, the objects are sorted in terms of
their priorities and partitioned into two groups,
high and low priority sets. An object with a
high priority value means that the object
priority value exceeds a certain threshold. The
low priority objects’ priority values don't
exceeds a certain threshold. The threshold used
to determine priority set is defined on the

authoring stage or by user's requests. Here,
HP(M,) is a set of the first ES layers of the
objects with high priorities and i1s defined as
following.

HPMy) = { Oy | O.P is in the range of high
priority, O.€ M, , { = 1,2k,...n}

The knapsack problem is solved by checking
whether the objects in the high priority set can
be all selected into the optimal set or not. If so,
then the remaining objects belonging to the low
priority set compete for the selection based on
the different
backtracking method to solve the proposed

constraints. We use the

multiple choice knapsack problem on each step.
In order to divide the problem into several
sub—problems, different feasible sets are defined
with predefined variables as follows: N is the
number of objects participated in M: n; is the
number of layers of the i object and the index
J indicates the ES layer of the object. Moreover
the available resource which play as the role of
a constraint is denoted as C.

First, a set of objects 1s selected in the sense
that the sum of all perceptual qualities of their
ESs is maximized without any object drop
under the condition that the sum of the bit
rates does not exceed the available bandwidth
at a time instance. The following two feasible
sets guarantee that all objects are to be
appeared in the MPEG-4 scene presentation
although some elementary streams are degraded
with lower perceptual qualities under the current
resource constraint.

A feasible set FSM; is found by maximizing
the sum of the selected ES layer’'s perceptual
quality. In defining following feasible sets, Xj is
a decision variable where Xj = 1 means that
the jth ES layer of the i object is selected.

FSM: = {Q; | X4 = 1, i = 12k..,N, j =
1,2k,...n} satisfies the following constraints, (2):
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Maximize E Z

i=1j=

Subject to ZE < C 2)

i=1j=
EXif—"l and
j=1

X,€{0,1} for i = 1,2k,..., N and j = 1,2k...., n

If the above feasible sets is not found, then
the second step is to find a set of objects in
that the sum of the products of the object
priorities and perceptual qualities is maximized
without any object drop under the same
constraint.

FSMP; can be found also by maximize the
sum of the multiplications of the values of the
selected ES layer’'s perceptual qualities with the
priority value of the corresponding object.

FSMP; = {Oj | X4 =1, { = 12k..N, j =
1,2k,...n} satisfies the following constraints,(3):

Maximize E ZP X,0.P

i=1j=

subject to EES X <C 3
i=1lj= -

Y. X,;=1 and

i=1

X,€{0,1} for i = 1,2k,., N and j = 12k,..., n

If the above condition can not be met, then
object dropping is allowed to find a set of
objects in the sense that the sum of all
perceptual qualities of their ESs is maximized
under the same constraint

The following set is the result to drop some
objects from the scene with an effort of
maximizing perceptual quality of overall scene.

FSMZ: = {0y | X4 =1, i = 12k..N, j =
1,2)k,...,n:} satisfies the following constraints,(4):

Maximize 2 E

i=1lj=

Subject to 225 Xy < C 4)

i=1j=

EX<1and
=

¥

X,€{0,1} for i = 1,2k,.., N and j = 1,2k,..., n.
Finally we find a set of objects by only
considering if the sum of the ESs at the first
scalability levels (highest qualities) of objects
can meet the constraint with object dropping.
FSPZ, = {0 | Xi =1, i = 12k,..,N} satisfies
the following constraints, (5):

N
Maximize Y, »,X; O.P

i=15=1

subject to Z‘ES X =<C 5)

i=1j=

X,€{0,1} for i = 12k,.., N where X; is the
decision variable where X; = 1 indicates that
the { obJect is selected with its first ES layer.

A selection procedure for an optimal set of
MPEG-4 objects is summarized in Figure 1.
Note that the available resource value at time ¢
is denoted as B().

step (1) Compare the curent MPEG-4
stream’s resource requirement and current
available resource.

step (2): Find a feasible set FSM; among the
low priority object set while maintaining the ES
layers having high priority object as best
quality.

step (3): When the feasible set in step (2) is
not find, find a feasible set FSMP; among M;
under the resource constraint as an available
bandwidth B(¢#). In this step, the selection
algorithm tries to select elementary stream
layers considering object priority values in order
to make ESs with high priority be more of high
quality.

step (4): When the feasible set in step (3) is
not found, find a feasible set FSPZ; among M;
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Inpat : My, Baal )
Output . FS
Inibalze ; FS: = o

Method
FBam) > Bugit

if Baall )— BRIHRMY) > 0
Find FSM; from M— HR(M)
with C = Baal ) — BRRHRM))

FS: = FSM,

fFFS = o
Find FSMP; from M: with C = Baa8)
if FSMP, = &

Find FSPZ; from M— HA(M)
. with C =Bua O~ BRIHA M)
FFSPZ =
Find FSMZ: from M— HAM)
with C = Bral 0= HAM))
¢

FSPZ; = FSM.
end if
FSt = FSPZU HRM)
exit
end if
else
FS: = FSMP:
exit
end else
end if
else
FSt = FStUHRM)
end else
end if
else
Find FSMP: from M, with C = Byl
if FSMP: = @

Find FSMP: from HA M)
with € = ByalD
if FSMP. = &
Find FSPZ from HAM;
with C = Baal )
if FSPZ = @
Find FSMZ: from HA M)
with C = Baai(§
FS. = FSMP:
end if
else
FS: = FSMP;
end else
end if
else
FSt = FSMP:
end else
end if

else
FSt = FSMP:
end else

else
Find FSMP: from M, with constraint C = Bayai(t)
if FSMP, = @
Find FSMP; from CP(M)
with constraint C = Bavai(t)
if FSMP. = &
Find FSPZ from CP(M)
with constraint C = Bayai(t)
FFSPZy = @
Find FSMZ: from CP(M,)
with constraint C = Baval(t)
FS: = FSMP:
end if

else

FS = FSMP:
end else
end if

FS: =  FSMP:
end else
end if
else
FS: = FSMP:
end else

else

<Fig. 1> A selection procedure for an optimal
set of MPEG-4 objects

- HP(M.) under B(p).
step (5): Find a feasible set FSMZ; among

the low priority object set while maintaining the
ES layers having high priority object as best

quality when the feasible set in step (4) is not

found. In this step, the selection algorithm

considers the ES layers having high priority
object as best quality by dropping lower priority
objects.

step (6): Find a feasible set by the above
feasible sets by turns following the steps from
(1) to (5) only from the high priority object set

because the available resource constraint can
not accommodate the object streams in the best

qualities with high priority.
3.2 Re- Configuration of Scene Structure

According to the result of the adaptation
algorithm, the original scene description and
their associated ODs should be modified.

If a video object, O; is encoded in two
different layers with the respective encoded bit
rates and one ES in a layer among them is
selected, then the ESs in the other layers are
removed from the bitstream. The selected ES
can be detected by referencing
O:.OD_ID.ES_ID. As described in section 2, the
ES_ID identify the corresponding ES and
describe the characteristics of the ES. Figure 2
depicts this modification process.

Scene Tree

Video ob@

op_is

Scene Tree

Video obﬁQ

OD_ID

Object Descriptor
OD_ID1

ES Descriptor

Object Descriptor

Low bitrate stream|

<Fig. 2> Object Descriptor modification
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When adapting an original MPEG-4 content
objects, the
composition should be
accordingly. Figure 3 shows

scene
changed
a scene tree

by . removing some

information

adaptation concept in which two video objects
are removed after the scene tree adaptation. At
the same time, the all regarding the object are
removed from the original MPEG-4 binary
resource. Moreover the addressing points of the
ODs of the 10D and ESDs of the ODs should
be corrected accordingly. The IOD is updated by
pointing the remaining ODs in the OD stream.

AQ: Audio Object

Original . . Adapted
scene tree VO: Video Object scene tree
Scene tree
adaptation
Vo1 vo2 A0l AO2 VO1 vo2
VO3 VO 4 VO3

<Fig. 3> Scene Tree modification

4. Experiments

This section presents the evaluation results
and analysis of the proposed method of finding
an optimal set of MPEG-4 objects for a given
constraint.

For the experiment, we constitute example
MPEG-4 content#l as shown in Table 1.

<Table 1> Object composition and Temporal
scenario of MPEG-4 content #1

H.263
video

H.263| mp4 [H.263
video|audio(video

H.263

G.723 video

stream type G.723 G.723

Object ID| 1 2 3 4 5 6 7 8

Temorat St 1 ] 1 | 1| 1| 1| 1] 1]1

Attributest oo 99 | 90 [ 20 | 20 | 20 | 20 | 20 | 20

Table 2 shows multiple streams for objects in
the MPEG-4 content#l. Note that the values of
relative perceptual quality (denoted as RPQ) for

an object are assigned in proportion to the
object’s priority at the authoring stage. This
RPQ is used as a measure that indicates the
quality of the ES layers.

<Table 2> Multiple streams for example
MPEG-4 content #1

object high low
priority 8 8 7 7 6 6 5 5

stream [H.263 H.263| mp4 |H.263 H.263
type video G723 video | audio | video G.723 video G.723
bit-| 9124 6.3 |9124| 56 |9124| 6.3 {9124| 6.3
1| rate | Kbps | Kbps | Kbps | Kbps | Kbps | Kbps | Kbps [ Kbps
RPQ| 1 1 1 1 1 1 1 1
bit-|505.6| 5.3 |522.4| 48 |505.6] 5.3 |505.6{ 5.3
<! 2|rate Kbps | Kbps | Kbps | Kbps | Kbps | Kbps | Kbps | Kbps
t
r RPQ| 08 | 09 (08|09 | 08|09 08109
e
a .
m| |bit—[1121 10;"4 32 [1121 112.1
| 3| rate | Kbps Kbps Kbps | Kbps Kbps
a
y RPQ| 0.7 07 | 0.8 { 0.7 0.7
e
Tl |bit-| 56.7 52.76| 28 |56.7 56.7
4|rate | Kbps Kbps | Kbps | Kbps Kbps
RPQ| 0.6 06 | 0.7 | 06 0.6
bit-|22.81 21.83( 24 [22.81 22.81
5| rate | Kbps Kbps | Kbps | Kbps Kbps
RPQ! 0.5 0510605 0.5

(RPQ : Relative perceptual quality)

The RPQ value on each ES layer is assigned
a number between 0 and 1 where it is set to 1
for the ES layers with the highest encoded
bitrate for its object. For example, the H.263
video stream with the prority value 8 is
encoded in five scalability levels with different
bitrates where the higher the bit rate is the
higher RPQ value is. The top four ranked
objects in their object priority are categorized
mto the high object priority level and the
remaining four objects are considered to belong
to the low object priority level. If an object has
a high priority, an ES with a high bitrate is
likely to be selected and to belong to the set
that contains objects to be delivered at high
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quality levels.

Figure 4 shows that the variations of the
available bandwidth in time for a delivery
network in the line with triangles, and the
required bandwidth to deliver the original
MPEG-4 content #1 in the line with asterisks.
After adaptation by our proposed method with
the available network bandwidth as a constraint,
the required bandwidth is plotted in a line with
circles. During the adaptation process, a set of
ESs is optimally selected which does not exceed
the available network bandwidth in the way that
maximum quality is obtained under the bandwidth
constraint. It can be noticed that the bandwidth
line after adaptation lies below the available
bandwidth of the network so that the adapted
MPEG-4 binary resource can be delivered under
the bandwidth
characteristics without transmission delay.

constraint of the network

—+— Available bandwidth
~3¥- Original MPEG-4 stream
-8~ Adapted MPEG-4 stream

bandwidth(kbps)
70000

50000 - -

1234567 8 9101 121314151617 18192
time(minte)

<Fig. 4> Bandwidth : Available bandwidth, original
MPEG-4 stream of MPEG-4 content 2,
adapted MPEG-4 stream of MPEG-4
content #1

Figure 5 shows the perceptual quality of the
adapted MPEG-4 binary resource and that of
the streams by performing the method of
dropping off the objects with relatively low
object priority values a bandwidth
constraint. The value of average
perceptual quality is calculated the equation (6).

under
relative

Average RPQ=Y,0.PxRPQ Y,0.P 6)

i=1 i=1

Although an object has a low object priority
value, our method selects an ES with a low
bitrate for that object, not dropping the object
off from the MPEG-4 bitstream. So, the
resulting' perceptual quality of the adapted
bitstream fluctuates in a small scale for our
method.

' ¥ Adapted stream using proposed algorithm

+ —O— Adapted stream by dropping low priority objects in
decreasing order .

1 23 4 5 6 7 8 9 10111213 141516 17 18 19 20
time

<Fig. 5> Average relative perceptual quality :
adapted streams of MPEG—4 content #1

The bandwidth utilization of adapted streams,
BU(t) at time t, can be evaluated by the
following. Bawi(t) is represented as available
bandwidth at time t.

BU(t)= 100X BR(t) B, (t) )

Figure 6 depicts the bandwidth utilization
(calculated by equation (7)) with adapted
streams using proposed algorithm and the
others by dropping least priority objects in
decreasing order. As a result, the performance
of bandwidth utilization of the adapted streams
using multiple streams provides very high
efficiency which may provide more better result
if the multiple streams of each object more
smaller bit rate scale.
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%

cZRBE8BIBSE g

1 2 4 5 6 7 9 11 12 14 15 16 17 18 19
timofrminte)
<Fig. 6> Bandwidth utilization : adapted stream
of MPEG-4 content #1

While the content#l has the constant bitrate

for its own stream, the second example content,
denoted as MPEG-4 content#2 is composed with
the fluctuation of traffic characteristics in time
by the temporal attributes of the objects.
Table 3 and table 4 show the object types and
their temporal scenario of the MPEG—4
contentf2 and the multiple streams for the
content, respectively.

<Table 3> Object composition and Temporal
scenario of example MPEG-4 content #2

. 2 1. T
St‘;f;m v‘;’;’eOGJZSAAc \f{g‘o 263H.263H.263H.261 jpeg | ipeg | jpeg

Object | 1 | 9 13| af{s|6|7]|8]|9|10]u

Tempast] 1 [ 1 [ 2129l 399 ]6]i12]18

Attribet{ 20 | 20 | 8 | 8 [ 20| 5 |11 {17 | 8 [ 14{20

<Table 4> Multiple streams of the MPEG-4

content #2

ol_)jept high I low

priority | 11 { 10 { 9 8 7 6 5 4 3 2 11
stream |mp2 mp4 . . .

type v deoG.723 AAC video H.263|H.263|H.263|H.261{ jpeg | iveg | ipeg

bit- {150 [ 63 | 64 [112.1| 256 | 256 | 256 | 128 | 1 1 1

I Fate |Kbps|Kbps| Kbps | Kbps | Kbps | Kbps | Kbps | Kbps | Kbyte | Kbyte | Kbyte
s RPQ| 1 1 1 1 1 1 1 1 1
t | pit- 1120153 32 196711920192 1192 ) 64 ) 09} 09 ] 09
r P [ate |Kbps|Kbps| Kbps | Kbps | Kbps | Kbps | Kbps | Kbps | Kbyte | Kbyte | Kbyte
e [RPQ|09[09/09]09]09]09]09]09}03]09]09
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(RPQ : Relative perceptual quality)

Figure 7 shows as timelines the temporal
scenarios of the objects appearing in the
MPEG-4 content #2.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

<Fig. 7> Timeline of MPEG-4 content #2

Now, we evaluate the scenario of MPEG-4
content#2 over bandwidth
evaluation

lower bit rate
environment than the above
environment for MPEG—-4 content#1.

The adaptation result is shown in figure 8
that represents the bitrates of the adapted stream
do not exceed the available bandwidth through
the transmission time. For the bandwidth as a

constraint, the traffic characteristics of the
MPEG-4 stream vary in time.

; '_.'_,{vaa;bb'bmbw&m‘ T
— ot

1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20
timemimte)

<Fig. 8 Bandwidth : Available bandwidth,
original MPEG-4 stream of MPEG-4 content 2,
adapted MPEG-4 stream of MPEG—-4 content #2

The proposed algorithm enforces the optimal
selection process of the objects to maintain the
perceptual qualities of more important objects at
the best effort. It can be observed from Figure
9 that the quality of ES with high object

priority is consistently maintained under a
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network with varying bandwidth except the
beginning time. This is because the objects
with high object priority are likely to be
included as ESs with high bitrates into the
adapted MPEG-4 binary resource. Figure 9
shows the perceptual qualities for the high
priority  objects selected into the adapted
bitstreams for the MPEG-4 content #2.

~&~ High priority object stream among adapted strearms |

using proposed algorithm '
'—%- High priority object stream among adapted streams
! by dropping lowpriority objects in decteasing order.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
time(mimite)
<Fig. 9> Average relative perceptual quality :
adapted streams of high priority objects of
MPEG-4 content #2

Since the objects are dropped off at beginning
time due to the very low available bandwidth, it
can be observed that the perceptual quality
curve sharply decreases at that time. However
the bandwidth utilization value shown in figure
10 represents that the adapted bitstream uses
the network throughput efficiently at the second
time instance. In figure 10, time instance 1, 8,
13, 18 and 20 are skipped because the available
bandwidths are higher than the required bitrate
of the MPEG-4 stream at those times.

1 01 Adapted stream using proposed algorithm

' [ Adapted stream by dropping least priority
BU(%) ' object in decreasing order :

2 3 4 5 6 1 9 10 11 12 14 15 16 17 19
time(minte)

<Fig. 10> Bandwidth utilization : adapted
stream of MPEG-4 content #2

In order for the adaptation algorithm to be
more viable, we consider the following two
implementing issues @ The selected stream layer
of objects is maintained through the object’s
transmission period. The current bandwidth is
estimated using previous evaluated values.

We investigate the MPEG-4 content#2 with
the above assumption. Table 5 represents the
selected stream layer of each object and the
perceptual quality of total media
streams. The perceptual quality of most objects
are transmitted with their original thus, the
average relative perceptual quality is evaluated
very high. Note that the highest average
perceptual quality is 1.

average

<Table 5> Average perceptual quality of the
adapted MPEG-4 content #2

Object Average
ID1234567891011_RPQ

Priority |11{10 98| 76543} 2]| 1
RPQ | 1]1]09/08{0.7]0]07/08] 1|1} 1

0.8106

Figure 11 comparison  of
transmission bit rate of adapted stream,
available bandwidth and original MPEG-4
stream. As we can see through the figure, the
adapted streams are delivered using the full
available bandwidth. Thus the transmission
delay can be occurred. Figure 12 shows the
estimated transmission delay when the adapted

streams are delivered.

depicts  the

—a— Avaiible bandwidth
bandwadth(kbps) —¥- Oxigrel MPRGH4 stream
-0 Adbpted MPEG4 stream
100 T
000 L - - - - - - - - s s - s e e s
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0 —t : © -6

123 45 6 7 8 9 101213 W16 RN
tire(inte}

<Fig. 11> Available bandwidth, original stream
of MPEG-4 content#?, adapted stream of
MPEG-4 content#2
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<Fig. 12> Transmission delay : adapted stream

of MPEG-4 content#2 vs. original stream of
MPEG-4 content #2

As we can see through the experimental
results, the adapted streams are delivered using
the full bandwidth. Thus the
transmission delay can be occurred as shown in
figure 12. However, on the terms of the
trade-off, the portions of timelines for object ID
12345 and 10 in figure 13 which depicts the
object timeline of the adapted content. The
portions drawn with dotted line means that the
media stream corresponding to the object is not
transmitted any more. That is, the streams are

available

pre-patched so as to maintain their quality and
use available bandwidth {fully even though
occurring transmission delay. As a result, we
can see that our proposed adaptation method
make an effort of keeping the more high quality
streams for the high priority objects.
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<Fig. 13> Timeline of the Adapted objects for
MPEG-4 content #2

5. Conclusion

In this paper, we propose an optimal selection
of the objects for MPEG-4 bitstream adaptation
to meet a given constraint. We adopt a
multi-step  selection for the objects with
different scalability levels for the MPEG-4
bitstream. At each step, the proposed algorithm
enforces the optimal selection process of the
objects to maintain the perceptual qualities of
more important objects at the best effort. Thus,
the bitrate of the content can be adapted(not
exceeded) to the given bandwidth with
maintaining perceptual quality of the decoded
scene as high level.
we are going to
consider more efficient mechanism to adapt

For the future works,

contents when huge number of streaming objects
are participated in the transmitted content.
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