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Abstract

We present a video adaptation system which takes ac-
count of users’ preference on video Affective Content (AC)
and limited network resource. AC directly causes an user’s
attention, evaluation and memory which also provides fea-
sible entry for video highlight. According to user’s prefer-
ence, the proposed adaptation insures the video parcels with
AC are allocated as much as possible network resource. The
system is implemented with MPEG-21 Digital Item Adapta-
tion (DIA) framework which provides a generic video adap-
tation solution for all video formats and various usage en-
vironments by manipulating on XML files. XML file based
adaptation avoids complex video computation. 30 students
from various departments were invited to test the system and
their responses were positive.

1 INTRODUCTION

With the increasing amount of multimedia data and
the development of multimedia communication tech-
niques,more and more users access and interact with multi-
media content on different types of terminals and networks.
Therefore, there is an increasing need to develop effective
and efficient video adaptation systems.

Most of the adaptation work focus on developing tech-
niques and platforms to make adaptation possible. Ear-
lier work developed schemes of encoding to reduce video
size or provide the scalability for video adaptation [6] or
transcoding to make the video compatible with the new us-
age environment [9]. Recently, a popular adaptation ap-
proach is to select, reduce or replace some video elements,
such as dropping shots and frames in a video clip [5], drop-
ping pixels and DCT coefficients in an image frame[3], re-
placing video sequences with still frames [4] etc. Although
these work made great contributions to achieving adapta-
tion, there exist two limitations: 1)They focus on achieving
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a certain defined SNR or bitrate, lacking consideration of
video content and users’ preference or experience. 2) Most
of the work depends on the video coding format. It lacks a
generic adaptation solution.

The video adaptation is essentially a kind of interaction
between human and video data under the limited resources,
i.e. network conditions and terminal capabilities. In this
paper, we introduce Affective Content (AC) which may
cause audiences’ strong reactions or special emotional ex-
periences, such as excited sports segments, laughable seg-
ments etc. to bridge the gap between user’s experience and
video content. The AC not only directly affects users’ ex-
perience but also provides a criterion to classify video into
different genres such as horror movie, comedy and so on.
Moreover, video highlight always locates in the video seg-
ments with AC. For example, sports highlight locates in ex-
cited segments while horror segments are always the high-
lights of horror movies. Therefore, the adaptation system
conveys the video content as much as possible by paying
more attention to AC and insuring the high information re-
maining for the video segments with AC.

To provide a generic solution, the proposed video adap-
tation is implemented with MPEG-21 Digital Item Adap-
tation (DIA) framework. Different from traditional adapta-
tion methods, MPEG-21 DIA achieves adaptation through
the manipulation on generic Bitstream Syntax Description
(gBSD), which is not aware of bitstream coding format.
Moreover, implementing adaptation based on gBSD instead
of the video itself helps in adapting resources quickly with
minimal computation cost since it alleviates the computa-
tion complexity of treating bitstream in a bit-by-bit manner.

2 OUR ADAPTATION SYSTEM

An overview of the whole system architecture is shown
in Fig. 1. The resources are composed of videos which are
stored in database sorted by video genres. In this paper,
we use three genres of sports, horror movies and comedy
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Figure 1. Adaptation system architecture

to demonstrate the proposed system. The work can be eas-
ily extended to other video domains. The AC related in-
formation such as location, duration and so on are identi-
fied by AC Identification and later stored in MPEG-7 XML
files. Later on, gBSD generation module parses the AC re-
lated information from MPEG-7 XML files together with
resource bitstream information to generate gBSD. Accord-
ing to users’ preference on affective content, the video seg-
ments are tagged with different priorities for video adapta-
tion. When segments priority, device capabilities and net-
work conditions are sent to Usage Environment Descrip-
tion (UED), adaptation decision engine determines decision
point according to Adaptation QoS (AQoS) in order to max-
imize users’ satisfaction and adapt the constrained environ-
ment. Finally, the decision point and gBSD will instruct the
adaptation operation engine to alter the bitstream and resend
to user. The proposed adaptation is achieved by using [7],
with the significant improvements as follows.

1) As a pre-processing step, Affective Content Identifi-
cation and Annotation module highlights the segments with
affective content, which makes users directly accessing pre-
ferred video content possible.

2)The gBSD structure and descriptions designed for easy
storing and parsing of both bitstream format related infor-
mation and affective content related information.

3) According to users’ preference, AQoS is designed to

allocate limited network bandwidth to affective content as
much as possible.

4) The current network condition is estimated by moni-
toring the transmission time and file size of past video seg-
ment. According to the changes in average bandwidth, the
adaptation decision engine dynamically changes adaptation
decision and signals the adaptation operation to change the
rule of adaptation.

3 DIGITAL ITEM (DI) PREPARATION

A DIGITAL ITEM is a structured digital object with a
standard representation, identification and meta-data within
the ISO/IEC 21000 framework [1]. This entity is also the
fundamental unit of distribution and transaction within this
framework. In our system, the DI includes resource, re-
source annotation files and resource gBSDs. In this section,
we will introduce some details of resource annotation and
gBSD generation.

3.1 Affective Content Identification and Annota-
tion

Like semantic analysis, the affective content identifica-
tion is challenging due to the gap between low-level per-
ceptual features and high-level human perception. Limited
video affective analysis work focuses on visual feature. In
our previous work, audio and script analysis is proved to be
effective to identify affective content [10, 11]. In this ap-
plication, the AC Identification preforms to identify excited
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segments in sports video, horror segments in horror movie
and laughable segments in comedy.

To make the video structure information and AC iden-
tification results be clearly annotated and easily parsed,
we store the related information in MPEG-7 XML files.
MPEG-7 is designed for describing multimedia content by
providing a rich set of standardized descriptors and descrip-
tion schemas. We utilize the description schemes (DSs) of
content management and description provided by MPEG-7
MDS:s to represent the location and duration of AC. In de-
tail, the AudioVisual DS is utilized to describe the temporal
decomposition of a video entity. In each TemporalDecom-
position DS some attributes are generated automatically to
describe the events.

e MediaTime DS: It specifies the starting point and time
intervals of a video segment.

e Event DS: It describes an event, which is a semantic
activity that takes place at a particular time or in a par-
ticular location.

By using the DSs described above, videos with affec-
tive content are represented in a standardized and highly
structured format, witch can be easily and directly parsed
to gBSD generation.

3.2 Generic Bitstream Syntax Description

To generate an appropriate video description which con-
tains the information of video format structure and affective
content’s location and duration is an important and neces-
sary step for further adaptation. The generic bitstream syn-
tax description (gBSD) is an important element of Digital
Item, which allows the adaptation of multimedia resources
by a single, media resource-agnostic processor. An XML
description of the media resource’s bitstream syntax can be
transformed to reflect the desired adaptation and then be
used to generate an adapted version of the bitstream. In our
system, BSDL and gBS Schema [8] are used for parsing a
bitstream to generate its gBSD description.

The bitstream is described based on parcels. In our im-
plementation, each parcel corresponds to a video segment
with or without affective content. Considering video seg-
ments have priorities according to various users’ preference
on AC, we introduce so-called Affective -Level to mark
whether each parcel is AC or not. Affective-0 is used to
indicate Non-AC while Affective-1 indicates AC.

Furthermore, frame dropping is a feasible way to adapt
the variation of network situation. We introduce Temporal-
Level 0, 1, 2 to mark I-frame, P-frame and B-frame in
gBSD. An example of gBSD is shown as Fig. 2.

<dia:Description  xsi:type="gBSDType" id="basketball_gBSD"
bs1:bitstreamURI="basketball. mpg4">
<gBSDUnit syntacticalLabel=":M4V:VOL" start="0" length="19" />
<gBSDUnit start="19" length="324083" marker="Affective-1">

<gBSDUnit syntacticalLabel=":M4V:I_VOP" start="19"
length="6158" marker="Temporal-0" />

<gBSDUnit syntacticalLabel=":M4V:P_VOP" start="6177"
length="1301" marker="Temporal-1" />

<gBSDUnit syntacticalLabel=":M4V:B_VOP" start="7478"
length="328" marker="Temporal-2" />

Figure 2. An example of gBSD

4 MPEG-21 DIGITAL ITEM
TION (DIA)

ADAPTA-

MPEG-21 DIA specifies the syntax and semantics of
tools that may be used to assist the adaptation of DI. The
main task of MPEG-21 DIA is actually generating adapted
video by selecting video elements in each parcel to meet
varying usage environment conditions and maximally sat-
isfy users’ preference. Different from other adaptation
methods, XML files play an important role in MPEG-21
DIA. In order to provide a generic adaptation for all me-
dia types rather than a single format for a specific media
type, various network environments, different user charac-
teristics and so on, media data and other information includ-
ing AQoS, network constraints and users’ characteristics
are represented by standardized XML files with defined at-
tributes. By parsing these XML files, the information which
affects adaptation is conveyed between adaptation engine
and the media server or media receiver instead of process-
ing the video itself.

4.1 Usage Environment Description

In our case, Usage Environment Description (UED)
refers to metadata that specifies user characteristics, termi-
nal capabilities and network characteristics which are the
limited environment constraints for adaptation decision.

Users’ characteristics specify general user information,
users’ preference and usage history etc. In the proposed sys-
tem, users are required to input their preferred video genres,
video name and indicate their preference on affective con-
tent by selecting one of the following three options: View
All, Highlight AC and Only AC. The user’s inputs provide
significant cues to set video parcel priority of allocating lim-
ited resources. (See Table 1)

Network is the medium for multimedia transmission.
Heterogeneous network structure requires the transmission
of multimedia files to adapt fluctuating network condition
in order to achieve good multimedia service quality while
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saving network resources and preventing network conges-
tion. In our work, the network condition is described by
network minimum and maximum capability and the aver-
age available bandwidth. Since the device may be provided
by various network, such as LAN, MANET, Internet, wire-
less network, cellular network, etc, the initial network con-
dition values are set by the profile of current access net-
work. Whereafter, the values are updated with the degraded
network condition. We set a monitor at server side to sur-
vey past network condition. The monitor detects the trans-
mission time of previous fixed-size segment of adapted me-
dia file to compute the bandwidth available in the network.
Since network variety is continuous, the attributes of cur-
rent network capability during the negotiation period can
be estimated by past network condition, which is supported
by MPEG-21 standard for describing both static and time-
varying network conditions.

A usage environment description (UED) XML is gener-
ated to store usage related parameters including users pref-
erence and network conditions.

4.2 Adaptation QoS and Decision Making

The AQoS specifies the relationship between constraints,
feasible adaptation operations satisfying these constraints
and possibly associated utilities or qualities. In our case,
there are two constraints which are user’s preference on AC
and network condition. Dropping frame or whole segments
is the feasible adaptation operation.

After user selects preferred video germs and video name,
a certain video clip waits for adaptation. To set priorities to
each parcel according to users’ preference, we set 5 scales
from O ~ 4 as shown in Table 1. The higher priority will
possibly remain more frames when frame dropping.

Table 1. Video Segments’ Priority Setting Cri-
terion

User’sinput | View All | Highlight AC | Only AC
AC | Non | AC Non AC | Non
Priority 2 2 3 1 4 0

On the other hand, we divide the network bandwidth into
5 scales: 0 (below 50Kbps); 1 (50Kbps ~ 100K bps); 2
(100Kbps ~ 200Kbps); 3 (200Kbps ~ 300Kbps); 4
(above 300Kbps). In our case, adaptation operation is to
drop different portion of videos. The three scales of op-
eration are: O (drop the whole video segment with I, P, B
frames); 1 (drop P, B frames); 2 (drop B frames); 3 (remain
as the original video segment with no frame dropped).

The AQoS is defined by considering three rules:

1) The parcels containing the video segments with high
priority are most likely to remain after adaptation.

2) According to the current bandwidth, adaptation keeps
as many frames as possible to convey the original story.

3) With the bandwidth changing, the video segments
with AC have higher priorities of retaining all types of
frames.

Table 2 shows an example of feasible AQoS. Accord-
ing to users preference and the current network condition,
decision engine finds the optimal adaptation scheme from
AQoS to not only satisfy all constraints but also maximize
or minimize optimization value.

Table 2. An example of feasible AQoS

Frame Dropping | Network Condition Scales
Scales 011213 4
0 0]0]0]1 1
Event 1 01011 2
Priority 2 Oj1]1]2 2
Scales 3 11212 3
4 212213 3

4.3 Adaptation Operation

Adaptation operation is conducted based on adaptation
decision. Adaptation operation engine alters the original
g¢BSD and bitstream by two major steps:

e Description transformation: Transformation instruc-
tion initiates the engine to retain, delete or update
gBSD units according to adaptation decision. Com-
paring temporal level of every frame with correspond-
ing decision parameter, the adaptation operation en-
gine decides whether to drop or retain certain units in
gBSD.

e gBSDroBin: This part generates the final adapted video
based on the adapted gBSD structure from Descrip-
tion transformation. It parses the description of target
adapted file to understand the structure of it. Based on
the altered structure of adapted gBSD, the gBSDtoBin
selects, drops or changes certain frames in bitstream.

To achieve real-time adaptation, the network monitor will
detect network condition and adjust the network attribute in
UED file. If the change in network leads to a change in de-
cision file, adaptation operation engine re-parses the latest
adaptation decision file and performs adaptation operation
based on the new adaptation rules.

S SYSTEM EVALUATION AND CONCLU-
SIONS

The traditional adaptation methods which ignore users’
preference on video content are evaluated by PSNR. Un-
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fortunately, PSNR may not be able to achieve a reasonable
evaluation for the proposed adaptation. The users’ prefer-
ence is an important role on the proposed adaptation system,
which is a subject concept depending on individual’s under-
standing and perception. In this case, we borrow the double
stimulus impairment scale (DSIS) [2] to carry a user study
in 30 students who are selected from both engineering and
non-engineering departments. Each user compares adapted
video with original video and vote their satisfaction for the
adapted video clip based on the 5 scales from ”Bad” to "Ex-
cellent”. Through the user study we evaluate and compare
users’ satisfaction with the following two cases: adaptation
only to satisfy the variation in network conditions and adap-
tation considering both the AC and network conditions. All
the students prefer the adaptation with considering affective
content since by this way, more network resource are al-
located to the AC which are the segments attracting more
user’s attention. Table 3 shows the voting result of adapta-
tion considering AC.

Table 3. Satisfaction Voting on AC-based
Adaptation over Degradable Network Condi-
tion

Bad Poor Fair Good | Exellent
BW=220kbps | 0.0% | 6.7% | 16.7% | 46.6% | 30.0%
BW=150kbps | 3.3% | 13.3% | 30.0% | 36.7% | 16.7%
BW=80kbps | 6.7% | 13.3% | 33.3% | 33.3% | 13.3%

Obviously, network degradation affects the user’s satis-
faction of the adapted video. However, the high priority
assigned to retaining more frames in AC has resulted in an
adapted video that is still able to retain and convey the pre-
ferred information. For small drop in bandwidth, there is
only a marginal effect on user’s perception of the adapted
video.

6 CONCLUSIONS

A robust affective content based video adaptation system
is achieved with MPEG-21 DIA framework. The main con-
tributions of this work are: 1) AC is introduced to bridge
the gap between users’ experience and video content and
accordingly realize the interaction between user and multi-
media data. 2) Our adaptation is implemented with MPEG-
21 DIA frameword, which provides a generic adaptation
solution to various media formats and various usage envi-
ronments. 3) The proposed adaptation provides a quick,
affordable and convenient solution which helps to reduce
computational complexity through XML manipulations.

Future work will be on designing more intelligent AQoS.
More information will be considered for adaptation, such

as, frame size, spatial quality, etc. MEPG-21 based adapta-
tion provides a generic solution for various media resources,
though we have investigated only video adaptation. Other
multimedia modalities adaptation will be implemented to
fulfill cross-media adaptation. The work will be extended
to more video domains.
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