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MediaMTool: Multimedia Content
Management Tool

Arghir-Nicolae Moldovan, Catalin Alexandru Moraru and Cristina Hava Muntean

Abstract—With the proliferation of mobile devices, multimedia
streaming over wireless networks has increased in popularity. To
overcome a number of challenges as well as to enhance mobile
users’ experience, much research effort has been placed into
multimedia content adaptation and personalisation. Supporting
adaptive multimedia can pose itself a number of challenges,
especially when considering the fast growing rate at which
multimedia content is being produced. This paper explores the
idea of automatic multimedia content management and
authoring to support adaptive multimedia delivery to mobile
devices. A multimedia content management tool (MediaMTool) is
presented which automatically creates multiple versions of the
multimedia clips based on a set of specified multimedia clip
features. For testing purposes, MediaMTool was used in
conjunction with EcoLearn, a m-learning system that adapts the
quality of the educational multimedia clips in order to save
battery power on the learner mobile device.

Index Terms—multimedia content management, multimedia
adaptation, mobile devices, battery power save.

[. INTRODUCTION

IFTY years ago no one could have envisioned that

computers will become indispensable in all the fields of
the society. From business to science and from engineering to
entertainment it has become more and more obvious that
computers play a key role in maintaining and developing inter-
human relations.

One of the most significant changes of the last ten years is
the huge technological advances and the proliferation of
mobile devices such as laptops, PDAs, smartphones, and
tablets that are used to access, transfer, manage and produce
information. Moreover, there is a clear trend that sees
multimedia content production and consumption growing
exponentially. Nowadays multimedia content not only that
can be displayed by a multitude of mobile devices, but many
devices have recording capabilities as well. A large number of
applications and services that deliver multimedia content to
mobile devices such as mobile IPTV, Video on Demand and
video sharing were also developed.
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However, the mobility characteristics of these devices raise
a number of problems associated with the wireless
connectivity (e.g. lower bandwidth, increase error rate, etc.),
and the multitude of mobile device characteristics (e.g. screen
resolution, CPU speed, multimedia formats supported, battery
life, etc.). To overcome such problems, and provide users with
content that better suits their network conditions and device
characteristics, multimedia content personalisation and
adaptation solutions are increasingly adopted.

On another side multimedia clips personalisation and
adaptation often requires creating multiple versions of the
same clip, while knowledge about the network conditions and
device characteristics is required in order to create these
versions. In this context, automatic multimedia management
and authoring solutions are necessary in order to deal with the
fast growing rate at which multimedia content is being
produced, and to help the content authors preparing the
multimedia content for personalisation and adaptation.

This paper presents MediaMTool, a multimedia content
management and authoring tool that is suitable for multimedia
systems that personalise and adapt the multimedia clips to the
user device specific requirements (e.g. device screen
resolution, battery power, network bandwidth, etc.).
MediaMTool automates multimedia clips management and
preparation for personalisation and adaptation, alleviating the
content authors of these difficult tasks. To test the capabilities
of the proposed solution, MediaMTool was used in
conjunction with EcoLearn — an adaptive mobile learning (m-
learning) system. EcoLearn delivers adaptive educational
multimedia clips, by decreasing the bitrate, with the goal to
save the battery power on the learner mobile device, thus
assisting the learners to study for a longer period of time.

The remaining of the paper is structured as follows. Section
Il presents the main approaches for multimedia content
management and authoring, as well as for battery power
saving in mobile devices. Section III presents the architecture
and describes the functionality of the MediaMTool. Section 4
exemplifies how MediaMTool was used in conjunction with
EcoLearn and briefly summarises the experimental and
subjective tests that were conducted, while Section V
concludes the paper.

II. RELATED WORK

A. Multimedia Content Management and Authoring

Content management and content authoring are two
concepts that partially overlap, and between which it is
difficult to draw a clear distinction line. Broadly speaking
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content management refers to the process of collecting,
managing and publishing the content, while content
management tools facilitate the tasks by providing automatic
features [1]. Content authoring as opposed, is mostly related
with the content design, creation and presentation, while
authoring tools aim to facilitate these tasks for content authors
that lack advanced skills such as programming skills [2].

Different type of digital content can be managed and
authored, such as documents, images, multimedia clips, etc.
As part of adaptive systems such as Adaptive e-Learning
Systems (AeLS), authoring tools are also used to facilitate the
creation of the adaptation strategies.

The main approaches for content authoring for multimodal
devices can be classified in: single authoring, multiple
authoring and flexible authoring [3].

Single authoring involves creating a single version of the
content that is valid for all the devices. Various techniques can
be used for such purpose, depending on the content type.
Device independent multimedia presentations consisting of
various bits of information such as text, images, audio and/or
video can be created using device independent languages such
as, among others, XML, HTML, SMIL, Java or Flash [4].
Single authoring of multimedia clips can be performed using
scalable codecs such as Scalable Video Codec (SVC)
extension of the H.264/AVC video codec standard [5].
Scalable codecs are designed to overcome the need for
creating multiple versions of the same multimedia clip for
different mobile devices. Instead the multimedia clip is
encoded in a single file containing a base layer and several
enhancement layers, from which multiple streams can be
generated based on the device characteristics by adding
enhancement layers to the base layer. An authoring tool that
uses the SMART scalable video coding mechanism is
presented in [6].

Multiple authoring involves creating multiple versions of
the content targeting different devices or categories of devices,
with the obvious drawback of high production and
maintenance efforts. For the particular case of multimedia
clips, the techniques that can be used for creating the multiple
versions range from transcoding to selection and replacement
[7]. Transcoding involves converting the multimedia clip to a
different format or changing parameters such as for example,
the video resolution in order to meet the constraints of
different devices. To assist the transcoding, metadata can be
defined using existing standards such as MPEG-7 that enables,
among others, the content description (e.g. title, bitrate,
motion, colours, etc.), and MPEG-21 that enables usage
environment description (e.g. device capabilities, network
characteristics, user characteristics, etc.) [8]. As opposed to
transcoding, multimedia selection and reduction involve
changing the content presentation, thus requiring more
elaborate pre-processing. Examples of selection techniques
include extracting elements from the clips users may be more
interested in (e.g. scenes, region of interest (ROI) in frames
[9], etc.), while replacement techniques involve replacing
elements in a clip with other elements that may be of a

different media type (e.g. replacing consecutive scenes in a
clip with representative images).

Flexible authoring combines single authoring with multiple
authoring. It has the most potential but it also implies the
most effort. An example of authoring tool that uses flexible
authoring is MEAT [10], which uses multiple authoring for
content and single authoring for the test items. MEAT
generates SCORM conformable adaptable learning resources
and provides authoring for multimodal devices. It has support
for multiple media types including PowerPoint presentations,
Web Pages, Flash and multimedia clips.

A significant number of visual-based multimedia authoring
tools such as Authorware, Director, iShell and MediaWorks
are presented in [11]. While such tools enable users with little
or no programming experience to create and edit multimedia
content, the process is mostly manual and therefore they are
not suitable for preparing a very large amount of multimedia
content for personalisation and adaptation.

B. Battery Power Saving

Battery capacity still represents a limited resource of the
mobile devices. Also resource-hungry tasks such as playing a
multimedia clip streamed over the wireless network can drain
very quickly the power from the battery.

Due to these limitations intense research has been done
towards extending the battery life of the mobile devices.
Various power saving techniques were proposed for the
particular case of multimedia streaming to mobile devices
over Wireless LANs. Depending on where the battery power
is mainly saved, these techniques can be classified in:
reception-related techniques that aim to reduce the power
consumption of the wireless network card [12], decoding-
related techniques that aim to reduce the power consumption
of the CPU [13] and memory [14], and playing-related
techniques that mainly focus on the device display [15].

Adaptive multimedia encoding techniques that convert the
video to versions that are less power-expensive to be received,
decoded and displayed can also be used for reducing the
mobile device power consumption. Such a technique is to re-
encode the clip with a compression technique that requires less
bitrate for the same quality or is less computational expensive
[16]. Encoding parameters such as resolution, frame rate or
bitrate can also be reduced for saving mobile device battery
power [17].

The re-encoding can be done on-the-fly by transcoding the
video in real time on the server or at an intermediate proxy-
node before delivering it to the user device [18]. Alternatively,
multiple versions can be created off-line for each multimedia
clip, in which case the most suitable for a particular user
device needs to be selected.

Due to the high number of versions that may need to be
created depending on the adaptation goals, automatic
multimedia content management and authoring tools are
necessary for efficient management, metadata extraction and
annotation of these versions so that they can be effectively
used in the adaptation process.
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Fig. 1. Block level architecture of MediaM Tool

III. MEDIAMToOOL

This section describes the proposed multimedia content
management and authoring tool - MediaMTool. Content
management involves three main phases: creation, preparation
and delivery. MediaMTool allows the creation and
management of different versions of multimedia clips in order
to support personalised and adaptive multimedia delivery.
Figure 1 presents the architecture of the MediaMTool at block
level and how it communicates with the other components of a
multimedia system. When a multimedia clip is uploaded on
the server, metadata such as video and audio compression,
resolution, frame rate and bitrate is automatically extracted by
MediaMTool and saved to a database called generically MM
Clips Characteristics. Based on this metadata and on a set of
transcoding rules, multiple versions of the multimedia clip are
created and metadata is extracted and stored for each of these
versions. The transcoding rules are generated automatically by
a Transcoding Rules Generator (TRG) based on the specific
requirements of the Adaptive Multimedia Streaming
Mechanism (AMSM). These versions may have different
characteristics depending on the type of adaptation being
performed. The adaptation process may be driven by various
factors such as the network bandwidth, the device screen
resolution, CPU speed, battery power, etc.

A prototype MediaMTool was developed using freely
available technologies. The Web Interface was developed
using HTML and PHP languages, and was deployed on an
Apache Web Server. The interface (see Figure 2) provides
functionalities such as uploading multimedia clips to MM Clip
Repository, viewing the versions that are created and their
metadata, deleting the clips/versions that are not needed
anymore. Once a clip is uploaded, metadata is automatically
extracted using the Media Info CLI [19] and is stored in a
MySQL database (see Figure 3). The metadata consist of the
following information regarding the multimedia clip: file
name, file format, duration, file size, title, comment,
resolution, aspect ratio, video codec, video bitrate, frame rate,
audio codec and audio bitrate. After metadata is extracted
from the original clip the tool continues with the transcoding

+  MediaMTool

Location : http://192.168.1.16/MM_T START EDIT SAVE
Videos | |
Upload a new video: [ Choese File | No file chosen

Uploaded videos

Delete

[C]  File Name Size [MB] Path

7] 1-01 Adiabate.mp4 13 ../Videos/1-01 Adiabate.mp4

7] 1-01 Corals in Crisis 1.mp4 29 ../Videos/1-01 Corals in Crisis 1.1
[F] 1-01 M82 in 60 Seconds.m4v 26 ../Videoss1-01 M32 in 60 Seconds
[C] 1-02 Herramientas de seleccion (I).mp4 7 ../¥ideoss1-02 Herramientas de s
[ 1-06 Transcription_ writing the mess.m4v 27 ../Videos/1-06 Transcription_ wri

[C] 1-107 LP23_ Const Parameters - ipod.m4v 7
[7] ACUmobile 1-iPhone.m4v &
[7] QUEST Quiz_ Sewage.m4v 17

../Videos/1-107 LP23_ Const Parz
../Videos/ACUmobile 1-iPhone.me
../Videos/QUEST Quiz_ Sewage.m

Fig. 2. Web interface of MediaMTool

< MediaMTool

Location |http://192.168.1.16/MM_T| START EDIT SAVE

Metadata
File Name ../VideossWildlife.wmv
Format Windows Media
Duration [s] 30
File Size [MB] 25
Title Wildlife in HD
Comment Footage: Small World Productions, Inc; Tourism New Zealand | Producer
Height 1280
Width 720
Aspect Ratio 16:9
Yideo Codec VC-1
Bitrate [kbps] 5942
Framerate 30
Audio Format WA
Audio Codec 161

Audio Bitrate [kbps] 192

Fig. 3. Metadata automatically extracted for a multimedia clip

process, for creating multiple versions of the multimedia clip
according to specific transcoding rules. FFmpeg CLI [20] was
used for transcoding since it can convert, stream and play
almost any video format.

The automatic management and preparation for adaptation
of the multimedia content, that alleviates the content authors
of these tasks, are main benefits brought by the MediaMTool
tool. MediaMTool is independent from any specific domain
meaning that it can be used to manage multimedia content
both in client-server applications such as adaptive m-learning
systems and desktop specific applications. This is because it
was designed as a generic multimedia management
framework. The proposed tool is independent from the
adaptation algorithm. Therefore, when new criteria of
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adaptation are introduced little to no modifications will be
necessary in MediaMTool, for creating the new versions.
Although the prototype that was implemented was exemplified
only on multimedia clips, the solution can be easily extended
to include other types of media content such as images and
audio clips.

IV. MEDIAMTOOL USED AS MULTIMEDIA CONTENT
AUTHORING AND MANAGEMENT FOR THE ECOLEARN SYSTEM

A. EcoLearn Overview

EcoLearn [21] is an adaptive m-learning system that adapts
the educational multimedia clips, with the goal to reduce the
battery power consumption on the learner mobile device,
assisting the learner to study for a longer period of time. Due
to the high diversity of mobile devices learners may use,
EcoLearn groups the users’ devices into several classes based
on their screen resolution. A video profile consisting of a
reference resolution and a reference bitrate is associated to
each device class. The reference values are selected to offer
excellent user perceived quality level even for multimedia
clips with high level of motion content, when streamed to the
corresponding mobile devices.

For each educational multimedia clip, multiple versions
with different reference bitrate and reference resolution
(corresponding to a device class) are generated using the
MediaMTool.  The  reference-based  versions MM}
corresponding to a multimedia clip MM are represented in an
abstract form as follows:

MM} € {(RefRESy, RefBRy)},X =1,N €Y}

where X indexes N particular reference-based versions
corresponding to N classes of mobile devices.

Each reference version has a unique video resolution
RefRESy and a unique video bitrate RefBRy. The two
parameters vary across video references but not across
multimedia clips. For example in (2), MM} and MM? are
reference versions that were created from two different
multimedia clips, MM? and MM?* respectively. The two
versions correspond to the same class of mobile devices, thus
they have the same resolution and bitrate (e.g. 640x360 pixels
and 1200 Kbps respectively). As opposed, MM} and MM3 are
reference versions created from the same multimedia clip
MM?, but since they correspond to different device classes
they have different resolution and bitrate.

MM} = (640x360 pixels, 1200 Kbps)
MM? = (640x360 pixels, 1200 Kbps)
MM} = (856x480 pixels, 2000 Kbps) )

Although multiple reference pairs (RefRESy, RefBRy) can
be defined in order to cover a broad spectrum of devices, in
practice it is not always possible to create reference-based
versions corresponding to all of these pairs from each
multimedia clip. The number of reference-based versions N

4
TABLE 1
MAPPING OF OBJECTIVE VIDEO QUALITY TO SUBJECTIVE QUALITY
MOS PSNR [dB] SSIM
5 (Excellent) >45 >0.99
4 (Good) >33 & <45 >0.95 &<0.99
3 (Fair) >27.4&<33 >0.88 &<0.95
2 (Poor) >18.7 & <274 >0.5&<0.88
1 (Bad) <18.7 <0.5

that can be created from a particular multimedia clip MM*
depends on the original quality of the clip, RefRESy and
RefBRy being limited to the original video resolution and
video bitrate of that clip.

To save mobile device battery power, EcoLearn decreases
the video bitrate to lower levels than the excellent quality
supported through the reference bitrate. To create lower bitrate
versions for each reference resolution, MediaMTool works in
conjunction with BitDetect [22], an automatic mechanism that
detects a lower bitrate threshold ( MinBRY), that still offers a
good level of user perceived quality as compared to the
excellent quality level offered by the reference bitrate
RefBRy. For a particular reference resolution RefRESy the
MinBRY bitrate threshold may vary across different
multimedia clips depending on their characteristics such as the
level of motion content, colours used, etc. Therefore, the
MinBRY threshold is detected individually for each reference-
based version MM} of each multimedia clip MM,

BitDetect uses two objective metrics, Signal-to-Noise Ratio
(PSNR) and Structural Similarity Index (SSIM) for video
quality assessment. For each reference-based version MM} of
a multimedia clip, new versions are automatically created by
MediaMTool by gradually decreasing the bitrate from the
reference bitrate Ref RESy with a fixed step Stepy associated
to the reference pair (RefRESy, Ref BRy). The quality of each
version is estimated by BitDetect by measuring the PSNR and
SSIM metrics and mapping the results on a 1 to 5 subjective
scale proposed in [23] (see Table I). Additional details on how
the bitrate threshold is detected by BitDetect can be found in
[22].

The multitude of versions MM} ; with a particular reference

resolution RefRESy, created from a multimedia clip MM! is
represented in (3).

MM}; € {(RefRESy, Bitrate;)},j = 1,P 3)
where

Bitratej; € { RefBRy, RefBRy — Stepy, RefBRy —
— 2 - Stepy, ..., MinBR%} 4)

and j indexes P versions with a RefRESy resolution created
from the multimedia clip MM®.

In practice it is not feasible and useful to store all the
versions created for each reference resolution corresponding to
a device class. Therefore, for each reference resolution
RefRESy corresponding to a device class, EcoLearn stores
only two versions that were created from the multimedia
clip MM!: MM;, that has a Ref BRy bitrate, and MM} that has
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Create Referenge Version
MM j(

|

Extract Metadata from Version
MM j(

|

Detect Bitrate Threshold
MinBR',

|

Extract Metadata from Version
MM,

Fig. 4. Creating the two versions corresponding to a device class for a
multimedia clip MM,

a MinBR} bitrate, as detected by BitDetect. The process
deployed by EcoLearn in order to create the two versions for a
reference resolution RefRESy is presented in Figure 4. The
four steps are repeated for as many device classes as desired
and possible. Additionally, metadata is automatically extracted
and stored for the two versions corresponding to each device
class, using the MediaMTool.

When a user with a particular mobile device requests a
multimedia clip, EcoLearn selects the version having the most
suitable resolution for that device’s screen resolution. If the
battery level is detected as being too low for the entire clip to
be fully displayed, the adaptive mechanism of the EcoLearn
system switches to the lower quality version having the same
resolution but the lower bitrate, as detected by BitDetect.

B. Tests and Results

The MediaMTool was tested in order to assess its correct
functionality when used in conjunction with the EcoLearn
adaptive e-learning system. The versions correctly created by
MediaMTool were used during experimental and subjective
tests that were conducted in order to assess the benefits
provided by EcoLearn adaptive e-learning system in terms of
battery power saving and user perceived quality. The tests
were conducted in an e-learning/m-learning context, but the
tool and the adaptive mechanism can be easily applied in the
general context of multimedia streaming to mobile devices.

Eight educational multimedia sequences up to 30 seconds
long were used for this testing. The sequences were selected
so to cover a broad spectrum of educational clips in terms of
content type and dynamicity. These sequences correspond to
the following categories of educational multimedia clips:
screencasts, slideshows, computer generated animations, 3D
game and virtual world recordings, interviews, lecture
recordings, lab demos and documentaries. Additional details
about the eight test sequences can be found in [21]. For each
sequence two versions having the same video resolution
640x360 were automatically created using the MediaMTool.
H.264/MPEG-4 AVC video codec was used. For all test
sequences the bitrate of the first version (the reference one),
was selected as 1200 Kbps following recommendations found

in [24], [25] and [26] for encoding multimedia content,
assuming that the value offers an excellent quality level even
for the clips with the highest level of dynamicity. Using the
BitDetect mechanism the bitrate of the second version was
detected individually for each sequence as follows: 512 Kbps
for the sequence corresponding to documentaries, and 256
Kbps for the other seven test sequences.

To assess the battery saving capabilities, the 16 clips
corresponding to the 8 test sequences were streamed
wirelessly to an HP iPAQ 214 PDA, and the device power
consumption was measured for each case. The results for a
20% battery discharge are presented in Figure 5. The results
show that depending on the clip characteristics, between 13%
and up to almost 17% increase in battery life can be achieved
by reducing the bitrate from the reference bitrate to the
threshold recommended by BitDetect. Additional details on
the experimental results can be found in [21].

For the subjective assessment, the Absolute Category
Rating [27] method for video quality assessment of
multimedia applications was used. The 21 subjects
participating in the subjective assessment were asked to rate
their perceived quality of the eight low bitrate versions on a
five-level quality scale, where 1 is “Bad” and 5 is “Excellent”.
By averaging the ratings across the 21 subjects, the Mean
Opinion Scores (MOS) for the eight test sequences were
obtained. The average MOS across the eight test sequences
was 4.1, while individually only two sequences were rated
with less than 4 (3.6 and respectively 3.9) More details about
subjective assessment can be found [22].

V. CONCLUSIONS

This paper introduced MediaMTool, a content management
tool that is suitable for systems that perform adaptive
multimedia streaming. This tool may be used to create
multiple versions of the multimedia clips required by an
adaptive multimedia streaming mechanism. The paper has
exemplified how MediaMtool was used in conjunction with
EcoLearn, an adaptive e-learning system that delivers adaptive
educational multimedia clips for device battery consumption
optimisation. EcoLearn incorporates BitDetect, a mechanism
for detecting good quality bitrate thresholds for enabling
bitrate-based adaptation of multimedia clips.

Experimental and subjective tests conducted using a number
of educational multimedia sequences, have shown that by
using the multimedia versions correctly created by the tool,
significant device battery power can be saved while at the
same time maintaining a good level of user perceived quality.
Up to 17% in streaming time has been achieved by reducing
the bitrate from the reference bitrate to the one recommended
by the BitDetect mechanism. The user-time was gained with
no significant alteration of the viewing experience. Subjective
assessments have shown that the overall average MOS score
was 4.1 corresponding to Good on a 1 to 5 subjective scale.
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Fig. 5. Streaming time duration for the eight video sequences during a 20% battery discharge
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