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Abstract

The pastfew decades witnessed the evolution of the Information Technology that
characterized our epoch as the Information Age. This evolution impacting both
software and hardware inspired us to identify four main technology areasrelevant to
this thesis: smart devices,Semantic Web technologies, the SociatN etwork p latforms,
and networking t echnologies. These four technology areas have an impact on
multimedia content authoring and sharing. In this thesis, we analyze this impact by
examining related aspects to this topic considering these technology areas.Then, we
present our own approach that incorporates these four technology areas and covers
topics not yet covered by other approaches.

With the massive proliferation of smart devices, mobile computing has taken over a
significant role, replacing in some cases desktop computing and motivating the
existence d new services, platforms, and technologies. The ever-expanding role of
Socid-Network p latforms in our lives has changed the notion of multimedia content
sharing. Hence, multimedia content sharing can be perceived as the exchange ofuser
generated content both at private and public levels by means of different platforms,
devices, and technologies. Consequently, new requirements for multimedia content
authoring and sharing emerged. In this thesis, we identify the se new requirements and
present our innovative approach called Dynamic Cross -Model Composition (DCMC).
The DCMC approach aims at the automatic analysis, authoring, and sharing of
augmented multimedia pr es e ntected Suljartsof Inderestv e n
(SOI) in personal area networks (PAN). The DCMC approach introduces an enhanced
multimedia content authoring process . This processbuilds on a generic process chain
for multimedia content composition and adds additional phases. The phases include:
PAN formation, Analysis, SOI inference, Enrichment, Selection, Composition,
Transformation, and Presentation. The enhancedauthoring process is supported by a
flexible and generic service-oriented architecture enabling a SOIl-driven rule -based
authoring and sharing of multimedia content.
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Zusammenfassung

Das aktuelle Zeitalter lasst sich auf Grund der Evolution der Informat ionstechnologie
wahrend der letzten Jahrzehnten als Informationszeitalter charakterisieren. Aus dieser
Entwicklung heraus, die Software und Hardware gleichermal3en betr ifft, lassen sich
vier, fur diese Arbeit relevante, technologische Bereiche unterscheiden Smartphones,
Semantische = WebTechnologien, SoziatMedia-Plattformen und  Netzwerk -
technologien. Diese vier Bereiche haben signifikante Einfluss auf die Erstellung und
das Teilen von Multimedia -Inhalten. In dieser Arbeit analysieren wir diesen Einfluss,
indem wir angelagerte Aspekte des Themas mit Bezug auf diese Technologiebereiche
untersuchen. Im Anschluss préasentieren wir unseren eigenen Ansatz, der diese vier
Technologiebereiche einbezieht und Themen umfasst, die noch nicht von anderen
Anséatzen abgedeck sind.

Mit der massiven Verbreitung von intelligenten Mobilgeraten hat das Mobile -
Computing eine zentrale Rolle Ubernommen und ersetzt in etlichen Féallen das
Desktop-Computing. Dies hat zum Aufkommen neuer Dienste, Plattformen und
Technologien gefuhrt. Die standig wachsende Bedeutung von SoziatMedia-
Plattformen im Alltag hat den Begriff des Multimedia -Content-Sharing verandert.
Multimedia -Content-Sharing kann nun als Austausch von benutzergenerierten
Inhalten sowohl auf privater als auch auf 6ffentlicher Ebene mittels unterschiedlicher
Plattformen, Gerate und Technologien verstanden werden. Dadurch sind neue
Anforderungen an die Bereitstellung und das Teilen von Multimedia -Inhalten
entstanden. In dieser Arbeit identifizieren wir diese neuen Anforderungen u nd
préasentieren unseren innovativen Ansatz namens Dynamic Cross-Model Composition
(DCMC). Der DCMC -Ansatz zielt auf die automatische Analyse, die Bereitstellung
und das Teilen von augmentierten Multimedia -Inhalten, angestof3en in einem
Personal Area Networks (PAN) Uber die ermittelten Subjects of Interest (SOI) eines
Anwenders. Der DCMC -Ansatz stellt einen erweiterten Multimedia -Content-
Bereitstellungsprozess dar. Dieser Prozess baut auf einer generischen Prozesskette fir
die Zusammensetzung von Multimediain halten auf und fiigt weitere Phasen hinzu.
Die Phasen umfassen: PANBIldung, Analyse, SOI-Inferenz, Anreicherung, Selektion,
Komposition, Transformation und Darstellung. Der erweiterte Bereitstellungsprozess
wird durch eine flexible und generische serviceor ientierte Architektur unterstitzt, die
eine SOlgestitzte, regelbasierte Erstellung und gemeinsame Nutzung von
Multimedia -Inhalten ermdoglicht.
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1.Introduction

In the era of smart devices social network platforms, the Semantic Web
technologies and applications, e.g., the Web of Datg and the networking technologies,
the world around us is overwhelmed with a massive amount of digital resources.
However, users are concerned only about those resources that could be of interest to
them. Given that, on the one hand, locating and interlinking locally available resources
with the resources provided by the Web of Data remain tedious tasks for non-technical
users. First, because the Web of Data offers services targeting machine processing,
second, locally available resources share imgicit subjects, that cannot be uncovered by
users without being assisted by computers. On the other hand, due to the predefined
role of the user as a content consumer, current multimedia authoring solutions mainly
consider topics such as authoring processefficiency and multimedia content delivery,
which affected the nature of those provided solutions [Bulterman et al. 2013]. This

context challenges applications,ontheonehandt o be capable to anal

and detect one or more Subjects of Interest (SOI), to make use of the detected SOI to
interlink the analyzed content with relevant multimedia content retrieved f rom the
Web of Data, and to make use of the interlinked content to author new fancy
multimedia documents. On the other hand, to handle multimedia content sharing
following a new understanding to this topic, which can be realized by supporting
multimedia content sharing using channels other than the social network platform s,
e.g., personal area networks, and supporting sharin g between devices as well as users.

Nowadays, users possess different types of personal area network (PAN)-enabled
smart devices, which allows for the creation of multimedia content such as photos,
videos and audios. Thanks to networking technologies, users can easily interconnect
their smart devices, e.g., in a peeito-peer (P2P) network, to make the captured
multimedia content available on their home PAN. Consequently, users tend to
generate and share noteworthy amounts of multimedia content by using their
smartphones, in addition to other type s of smart devices. Social network platforms
such as Snapchat[Snap Inc. 2016] Twitter [Twitter Inc. 2016] and WhatsApp
[WhatsApp Inc. 2016], etc. have millions of subscribed active users, capturing and
sharing daily a vast amount of multimedia content. Such content can be interlinked,
enriched, and used to author fancy multimedia presentations. The multimedia content
shared by the users can be either in form of structured mult imedia documents such as
photo albums or baseline media elements such as images and videos. However, both

f orms of such shared content encode addit.
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Subject of Interest (SOI). The Web of Datarepresents a rich source for publicly made
available huge amount of information. This information can be interlinked with the
content produced by the user, however, those resources remain urreachable by users
making use of traditional search and browsing methods. One reason is that the Web
of Data offers a massive number of resources, which makes it inconvenient to humans
to browse, search, or discover those resources by means of manual Semdit Web
browsers. A second reason is that the Web of Data is based on standards for querying,
processing, and presenting data by machines, not humans. Nevertheless, the
information available by the Web of Data can be of high value to the user, provided
that the relevant parts of the information can be discovered, interlinked, and presented
by a dedicated multimedia content authoring process. To enable such targeted
information discovery, a multimedia authoring process should provide methods to
detect one ormore SOlthat can be used to guide the discovery process. The SOI should
result from an analysis of the multimedia content generated by the user.

To our knowledge multimedia content authoring and sharing systems that: i) provide

a focus on an analysis process placing users and their SOI in the center, ii) represent a
new understanding for multimedia content sharing, and iii) make intensive use of Web

of Data and Semanic Web standards to enable rule-based content analysis and SO4
driven multimedia documen t composition do not exist. Consequently, we argue in this
thesis for the need of an innovative multimedia content authoring and sharing
approach, taking into consideration the issues we pointed out. Our solution is
designed following w ell-recognized principles of a service-oriented architecture
(SOA) and is implemented by the generic framework for Dynamic Cross -Model
Composition (DCMC) [Abu -Naim and Klas].

1.1 Motivation and goal of this work

Living in the Information Age gives us the opportunity to witness the worldwid e
evolution of the Information T echnology, in its both software and hardware sides. This
evolution in software and hardware inspired us to identify four main  technology areas
that motivate our work . These are thesmart devices mainly the smartphones, the
Semantic Web technologies and applications such as the Web of Data, the social
network p latforms, and the networking technologies .

Social network platforms and new generations of smartphones cause a change in the
role of the users from being primarily multimedia content consumers to becoming
multimedia content producers and consumers. The vast amount of daily generated
and exchanged wuser 0s mugnattphonesdndasocial metwoekn t
platforms introduces new requirements and urges revisiting traditional solutions
focusing on the user as an active producer and consumer for the multimedia content
instead of being a (passive) consumer only. In addition to that, the ever -expanding
number of the users of the social network p latforms indicates the willingness of the
users to share content and explore new options for content sharing. In the meanwhile,
the new generations of smartphones enjoy advanced software as well as hardware
capabilities, whi ch cal l for and enabl e mor e
applications. The Semantic Webtechnologies define standards and methods that can

2
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be employed to build more intelligent and flexible systems. These systems can make
use d technologies such as RDF and inferencing. Using RDF as a semantic
representation scheme provides systems with a flexible yet well-defined data
structure. Finally, the networking technologies open the door for new ways of
interconnecting the smart devices making use of different communication channels
and protocols. Hence, interconnecting thesesmart devicescan go much further beyond
the limits of the peer-to-peer communication by al lowing different types of smart
devices with different networking capabilities to form personal area networks to
exchange all types of data, i.e, from raw sensor data to sophisticated digital objects.
Putting these aspects together, which can be inherited from the four main technology
areas motivates our work and urges us to define new requirements for the
applications of multimedia content author ing and sharing. Consequently, applications
supporting such requirements call for an appropriate architecture, including the
offering of generic, modular, scalable, distributed services of an authoring and sharing
environment.

In DCMC, we reflect those identified requirements mainly by:

1. Reconsidering the flow of the authoring process by providing an analysis phase to
detect user 0s S O30l areTused stee selecte an@ entiok delated
multimedia elements with discovered information from the Web of Data, which
can be included in the authoring process.

2. Presenting a rule-based multimedia composition system that incorporates the
Semantic Web standards intended to extract knowledge from a RDF-Graph, this
rule-based composition allows for alternating and configuring the behavior of the
authoring process and accordingly its results by adapting or providing new set of
composition rules.

This thesis contributes concepts and solutions in the research aeas of multimedia
content analysis, authoring, and sharing, and requirements engineering and
application architecture and design. In particular the contributions can be associated
with the following research topics:

1. Content analysis:

1 Support the new role of users as content producers by providing means to
analyze the multimedia co ntent generated and shared by the users in order to
detect their Subject of Interest.

2. Content authoring :

1 Enhance flexibility and dynamics of the authoring workflow and media
composition including further incorporation of Semantic Web technologies.

1 Provide a framework that allows for a more flexible incorporation of the Web
of Data allowing for more enriched authoring process and content.

3. Content Sharing:

1 Provide a framework that allows for different types of smart devices to form
personal area networks to exchange data using different networking
technologies.



4. Requirements engineering and applications architecture and design:

1 Provide a description of a comprehensive set of requirements derived from the
motivating scenarios and the different phases of the multimedia content
authoring process as defined by the DCMC approach.

1 Provid e a Software Engineering approach following the notion of the generic
programming to enable multiple implementations of the interfaces (services) of
the framework. Such multiple implementations add f lexibility and widen the
range of analysis provided by our approach, allowing our approach to support
several multimedia document formats, media element types, metadata
schemes, and many other aspects.

1 Provide a mobile media player capable for playing back SMIL presentations.
This media player is primarily provided to facilitate testing of our approach on
mobile devices. Our mobile media player extends the Multimedia Messaging
Service (MMS) application provided by the mobile platforms and intended to
display the content of MMS.

1.2 Application Scenarios

In this section, we present three illustrative application scenarios in the domain
of multimedia content authoring and sharing in personal area networks. Each
application scenario has its individual focus regarding the issues of multimedia
content authoring and sharing in personal area networks. By providing these three
application scenarios, we aim at covering a wide range of applications in the domain
of the subject of this work. These three application scenarios are:

1. Subject of Interest authoring in personal area networks. The first application
scenario deals with multimedia content authoring and sharing in personal area
networks driven by one or more detected SOI.

2. Personal multimedia content sharing in home networks. The second application
scenario considers collecting user generated content(UGC) produced by different
smart devices and automatic generation of multimedia media presentations
incorporating these UGC and smart devices.

3. Analysis-driven authoring of multimedia content. The third application scenario
deals with content analysis and authoring of augmented multimedia presentation.

A scenario serves describing a usero6s inter a
t he user &8s r e haradistmehfeom teshpicavohbusmess requirements. In

the following scenarios, we concentrate on the tasks that the system supports
considering the users and the context of use. Hence, each of the presented scenarios is
characterized as follows: it is identified by a novelistic title, it incorporates one or more

fictitious characters, it presents the context of using the system, and it describes the

tasks to be fulfilled.



121 The mesh of the two coll eaguesd Subj ec

Mr. Baker is an Information Technology (IT) expert. Environmental IT solutions
are his main domain of expertise. He is a photography hobbyist. In addition to his
passion for urban photography, he usually loves to wander in nature to explore and
take photograph s of plants and wild ani mals. He uses an online photo album where
he shares his photos with friends and other online users who have the same interest.

Mr. Thomas is a work colleague of Mr. Baker; he works as a network and system
administrator. He is married and has two kids. He uses the social network platforms
to share with friends his thoughts, personal experiences, and diaries. He is always
interested in the content that other members

As it is vacation time, Mr. Baker has planned to spend a few days near the Lake
Neusiedl. In the nearby National park he can observe the birds,the landscape, the
different species that live in the area and document his trip with his own notes and
photographs. Mr. Thomas is travelling together with his family to Barcelona, they will
spend one week visiting the main touristic points of interest in the city including the
Zoo Park and the Barcelona Aquarium. There, they can download some multimedia
content about the different specieshosted.

Appare ntly, Mr. Baker and Mr. Thomas share the same 8bject of Interest (SOI), and
since both are socially active and usually tend to share multimedia content and life
experiences on social network platforms, they also use a content sharing application
to share multimedia content in personal area networks ( PAN). This content sharing
application allows for sharing and automat ic authoring of augmented multimedia
content derived by one or more SOI. As they share the office room, their smartphones
can automatically establish a PAN and exchange data. The authoring process of
content sharing application infers the SOl and as a pat of the process the newly
composed document can be enriched with content retrieved from the Web of Data, i.e.,
from DBpedia [DBpedia Org. 2017]. After the process completes, both colleagues will
be notified about the new multimedia content. Each colleague can open the new
document, and find an interesting multimedia content about their common SOI , e.qg,
0 Mammal s 6 frantopen dataesaurces, accompanied with images they have
taken and seen before.

1.2.2 An augmented multimedia evening on the couch

Mrs. Wagner works in business development for a Japanese high technology
home appliances company. She is responsible for a marketsegment covering Central
Europe and North Africa. Due to the nature of her job, Mrs. Wagner travels quite often
to attend conferences and meet existing as well as new and potential customers.
Usually, she spends the free time of her business trips in sightseeing. She prefers o
participate in walking tours, where she explores new pl aces and uses her GPS and Wi
Fi-equipped camera to make geotagged photos and videos. She keeps a personal
digital -diary about her frequent trips . In this digital -diary she includes her own photos
and videos, audio narrations with her voice describing those places, digital maps, and



other multimedia content she gathered before and during a trip. At home she uses her
smart-TV to display the diaries as multimedia presentation s.

It is Monday early in the morning, Mrs. Wagner is travelling to Vienna for a one -day
trip to meet one of her customers. After the meeting, Mrs. Wagner had few hours
before her flight back home. She decidedto walk to the metro -station, where she can
take the airport -train. On her way to the metro -station, she did some sightseeing,
photographing some sights using her camera and recording some audio narratives
using her smartphone about these sights. Just before she arrived to the metrestation,
she took a small break and enjoyed a cup of coffee in a nearby traditional Viennese
café.

In the evening, she arrived home, she would like to get assisted in creating a digital -
diary for her short tour in Vienna consisting of the photos and videos taken,

information about the places she visited, properly combined with the audio narratives,

and augmented with additional content retrieved from, e.g., web sources. And then,

displaying the created digital -diary as a multimedia presentation on her smart -TV
while she sits relaxed on her couch enjoying some snacks.

To assist Mrs. Wagner, one can imagine that, e.g., the photos and videos from her
camera are streamed to hersmartphone. Her smartphone analyzes the media elements
to detect their locations based on annotated GPS data.Next, the smartphone links
those media elements to the recorded audio narratives and collects additional
information in form of multimedia content from external sources, e.g., using LOD
[W3C Org. 2016a]servers. Finally, the smartphone composes the photos, videos, audio
narratives, and the augmented multimedia content into a form of multimedia
presentation and streams it to the smart-TV to be presented.

1.2.3 The great catch of the Web of Data

Mrs. Otoma is an architect, she works for awell -known architecture and design
bureau in Zurich. She is interested in architectural work as well as interior design made
by famous architects. She is occasionally invited by universities to give pr esentations
about specific topics related to architectural design. Along with her presentations, she
likes to share with her audience some additional material in form of multimedia
presentations about some interesting constructions, buildings , or design concepts. She
knows that the Web of Data offers a huge amount of publicly made available
information, but since she is not specialized in IT, she faces difficulties reaching the
information which the Web of Data offers.

Recently, she has received an invitation from a University in Dublin to make a
presentation about postmodern design. Prior to the presentation in Dublin and during
visiting an exhibition, she noticed an impressive master piece of furniture designed by
a famous architect and thought that it would be nice to prepare a multimedia
presentation about that architect, his work as well as similar work s, which she can later
share with the audience of her coming presentation in Dublin. Using some photos,
which she has taken using her smartphone for that piece of furniture, she would like
to collect information from the Web of Data about the architect, his designs, and similar
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works and include all the collected information in an automatically generated
multimedia pres entation ready to be shared with her audience.

To assist Mrs. Otoma, one can imagine that, e.g., the photos on hersmartphone are
analyzed to detect the objects that these photos include. Next, hersmartphone collects
information about these detected objects from the open sources provided by the Web
of Data, e.g, the DBpedia [DBpedia Org. 2017]. Finally, her smartphone authors a
multimedia presentation by making use of one of the pre -configured multimedia
presentation templates included in the system. To enable sharing of the multimedia
presentation later on, the smartphone generates a QRcode that she can include in her
presentation. Interested audience can make use of that QRcode to download a copy
of the presentation over an established personal area retwork connection between her
smartphone and their smartphones.

1.3 Summary of contribution s

The research in this work contributes to various fields : multimedia content
analysis, authoring, sharing, requirements engineering and application architecture
and design. The approach of a Dynamic Cross-Model Composition framework
(DCMC) [Abu -Naim and Klas] developed and presented in the course of this thesis is
built upon the contributions to those research areas. The DCMC approach provides an
enhanced multimedia content authoring process supported by aflexible and generic
framework for rule -based content composition driven by the Subject of Interest of
users.

The enhanced multimedia content authoring process in DCMC follows the generic
process chain of multimedia composition as presented in [Scherp and Boll 2005c]
DCMC extends that process and adds additional phases, which yielded an enhanced
authoring process consisting of eight phases. This enhanced authoring processis
supported by and makes use of Semantic Web technologies in its different phases. It is
driven by the Subject of Interest (SOI) of users which is inferred from content shar ed
by various users and/or devices . By converting the multimedia source documents to
RDF-Graph, DCMC allows for the enrichment of content by interlinking with sources
from the Web of Data. Inference rules guide the selection of additional content
elements relevant to the SOI. The authoring process results in newly composed and
augmented multimedia conten t according to individual composition rules and/or pre -
specified composition templates. The new content is finally transformed from RDF-
Graph into the document format needed for distribution and presentation.

Towards identifying the requirements of DCMC, w e followed the notion of User
Stories as defined by the Agile Software Engineering methodology to express the
requirements. This kind of requirements serve two purposes, (i) it targets an audience
with non -technical background, and at the same time, (ii) it provides a reasonable
technical level of specifications that enabled the design of the service-oriented
architecture (SOA) of the DCMC. Thus, we identified two distinctive groups of

requirements: requirements for personal area network establishment and data
exchangeand requirements for the multimedia content authoring process. The DCMC



reflected those new requirements as follows: i) Providing a system architecture that
explicitly separates between the networking and the multimedia content authoring
functionalities. ii) Recamsidering the flow of the authoring process by providing an
anal ysis phase to det ec8&Olaresused b sele@ &nd enrichh e s e ¢
related multimedia elements with discovered information from the Web of Data,
which can be included in the authoring process. iii) Presenting a rule-based
multimedia composition system that incorporates the Semantic Web standards
intended to extract knowledge from a RDF-Graph created during the authoring
process Using RDF as the internal, canonical, semantic repesentation scheme
provides our system with a flexible yet well -defined data structure that enables the
different parts of the system to flexibly add RDF data, which contributes to and enables
the different phases of the authoring process. The rule-based canposition allows for
alternating and configuring the behavior of authoring process and accordingly its
results by adapting or providing new set of composition rules.

Having identified the requirements and the authoring process, we defined the service-
oriented architecture (SOA) of the DCMC, which consists of seven logically separated
components implemented by the DCMC prototype. The Networking Framework

enables the interconnection of multiple devices using different PAN technologies to

form a PAN. The other frameworks and components supporting the multimedia

content authoring allow for the realization of a flexible, extendible , and distributed

authoring process of multimedia presentations. The SOA of DCMC allows to

incorporate multiple PAN -enabled devices to author and present multimedia content
wi t h a f ocus ulgentoftintesest (56Ig enscbed &nd infused with media
content retrieved from LOD servers. In addition to that, m odularity and generality of

our SOA also allow for offering the functionality as part of a content sharing platform.

For testing purposes and to support the playback of SMIL presentations on mobile
devices, we provided a mobile media player that is capable to playback SMIL
presentations. This mobile media player extends the Multimedia Messaging Service
(MMS) application provided by the Android platforms intended to display the content
of MMS. The MMS application is part of the Android's open source software
development kit (SDK).

1.4 Overview

The remainder of this work is organized as follows: subsequent to the
introduction, the state of the art analysis is presented in chapter 2. Chapter 3 presents
the DCMC approach. Chapter 4 provides the proof of concept. And finally, in chapter
5 we conclude this work.

In chapter 2, we present the underlying infrastructure and concepts for mobile
computing and multimedia document authoring and sharing. We present relevant
concepts and techniques for mobile networks and personal area networks, mobile
operating systems and platforms, the relevant W3C standards to this work, and
existing approaches and applications in the domain of multimedia content authoring



and sharing. We present a set of criteria and in-depth analysis of the related research
approaches based onthesecriteria.

In chapter 3, we present the requirements and the service-oriented architecture (SOA),
implemented by the DCMC prototype, guided by the phases of the authoring process
and the application scenarios.

In chapter 4, we present the underlying concepts, the specifications and the
implementation of the different components and frameworks of the DCMC .

Figure 1-1 depicts the relationships between the analysis presented in chapter 2, the
conceptual design presented in chapter 3, and thedevelopment of DCMC presented
in chapter 4.

Criteria Analysis

Scenario Requirements
<\©/> Features
User
Stories
wg SOA Service 1 Service 2
rocess

S - S

Service 3 Service 4 Service N

Development Testing
ala

Figure 1-1: Analysis, Conc eptual Design, and Application Development



The upper part of the figure depicts the relationship between the criteria and the

analysis. The result of the analysis provides input to the conceptual design of the
DCMC approach, which is depicted in the middle part of the figure. This middle part

shows the relationships between the application scenarios, the authoring process, the
requirements, and the SOA. The scenarios provideinput to the requirements and the
authoring process. The requirements specifythe flow of th e authoring process and the
design of the service-oriented architecture. The authoring process influences the
design of the services and the components of the system. Theconceptual design
provides the required input to the development and the testing of the system, which
is depicted in the lower part of the figure.
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2.State of the Art analysis

2.1 Introduction

Users of mobile devices heavily contribute to the massive increase of multimedia
content production and consumption. The new generation of mobile devices known

a ssmartphones6 of fer their users many resources,

computers can offer. Those resources include high performance processors, large
memory and hard disk capacities, high -resolution screens and cameras, GPS moduls,
sensors and more. Ratforms and applications like social network s to some extent are
responsible for massive content creation and consumption by a huge number of users.
Mobile users represent a considerable number of those users. They rely on their moble
devices to maintain an always-on relation to information, personal, and social
network s. Sharing daily life events and content of almost any type via social network
platforms became very popular. W3C standards for the Semantic Web have
contributed to th e establishment of a worldwide infrastructure supporting many new
applications and services processing and offering content. The Linked Open Data
cloud is one famous example for such an infrastructure that may significantly enhance
multimedia content produ ction and consumption by users.

Capabilities of smartphones with respect to their display, memory, processing power,
battery life, and hardware improved significantly. In the past, mobile devices were
shipped with limited resources, which used to be consid ered as disadvantages and
urged application developers to take every possible countermeasure to optimize their
applications. However, with introduction of the recent generation of smartphones,
those disadvantages vanished. The many fancy features of smartphonesinfluence the
behavior of the users and their interaction with their devices. Smartphones are used
now in photography, video recording, web surfing, sending and receiving emails, as a
personal organizer, a radio, a navigation system, a trip advisor, and in personal
networking. One example of the adv anced features offered by smartphones are Siri
[Apple Inc. 2015b] and Cortana [Microsoft 2015a]. Siri and Cortana are applications
that | isten and deal with their users?®o
manner.

The World Wide Web (WWW) has evolved many years prior to the arrival of
smartphones. WWW has gradually transitioned from being a means of sharing and
browsing read only documents to a means of social networking and multimedia
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content sharing. A study [Ayaan Mohamud 2011] about the Frequency of Use and
Method of Access for Mobile Social Networking/Blog Audier@s provided numbers
illustrating the massiv e increase of mobile access to social network (seeTable 2-1).

Well-defined Semantic Web standards such as URI and RDF enabled the establishment
of the Linked Open Data services beginning in 2007. Wikipedia and its extracted
dataset (DBpedia) is the most famous example. The DBpedia dataset describes about
38.3 million things in 125 languages [DBpedia Org. 2017]. The number of publicly
available datasets in 2014 reached 109[LOD 2014] datasets compared to 295 datasets
in 2011 [Anja Jentzsch, Richard Cyganiak,Chris Bizer 2011]achieving an increase of
271%.

Frequency of Use and Method of Access for Mobile Social Networking/Blog
Audience

3 Month Avg. Ending September 2010 vs. Segimber 2011

Total EUS (DE, ES, FR, IT and UK) Mobile Subscribers Age 13+

Total Audience (in thousands)
Sep10 Sepll | % Change

Accessed Social Networking Site or Blog Ever 38.395 55125 44%
in Month
Accessed Social Networking Site or Blog 15,438 25.779 67%
Almost Every Day
Social Networking Access Method:
Via Mobile Browser 23,855 31,307 31%
Via Application 12,057 24,208 101%

Table 2-1: The increasing number of mobile access to social networks

As of today, one can clearly stae that users tend to join the social networks to share
their daily live experiences in different media formats such as text, photo, or video.
Smartphoneshave become the main means of sharing multimedia contents. However,
multimedia con tent sharing is not limited to social network platforms. Thanks to
networking technologies such as Bluetooth[Bluetooth SIG 2016]and NFC [NFC 2016],
multimedia content can be shared in personal area networks (PAN), which can be
formed by several but different types of mobile devic es such assmartphones, smart-
TV sets, and other PAN-enabled devices. Furthermore, the Linked Open Data cloud
offers huge potential to ease the mash up of content from distributed information
sources and, hence, allows for new forms of content production. Two questions are of
particular interest in this context:

i) How do multimedia authoring and sharing approaches in general incorporate on
the one hand the willingness of users to (freely) share multimedia content, and on the
other hand the ever-increasing number of Linked O pen Data sources?

i) Do those approaches and applications consider multimedia authoring and sharing
within personal area networks as well?

Trying to answer these questions motivates our research in this chapter, thus we need
to look into the following topics: How are Semantic W eb technologies, multimedia
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content produced by the users, and the content offered by Linked Open Data sources
incorporated in the process of multimedia document authoring and sharing? We look
into the various approaches and applications, the support of modern mobile operating
systems for multimedia content authoring, sharing, and viewing. We provide a
comprehensive, complete global picture on the state ofthe art in multimedia document
authoring and sharing.

2.2 Background: Mobile Networks and computing

In this section we discuss different topics that influenced directly and indirectly
the development of the process of multimedia content authoring and sharing in the
context of mobile devices. To address this topic from the perspectives of both the IT-
industry sector and the scientific community later on in this chapter. We discuss the
contribution of the following parties in this challen ging topic: i) The providers of the
mobile network and communication protocols. ii) The producers of mobile devices and
in particular the ( smartphones). iii) The developers of the operating systems of mobile
devices. The efforts of these parties have contibuted remarkably to multimedia
content authoring, sharing and viewing using the mobile devices.

2.2.1 Short history on the evolution of mobile networks

By tracing the evolution of mobile networks over the past three to four decades,
we clearly recognize the influence of the increasing demand of the users on having
more media content being consumed on mobile phones. With the introduction of
mobile devices, the voice service was the first and only service that the analog cellular
networks (1G) has offered. The change from analog to digital service has occurred in
the digital cellular network (2G). New services like short message service (SMS) and
data connedions to the Internet have been introduced. 2G networks enabled the access
to media content such as screen background images and ringtones on mobile phones.
2G networks has added another remarkable change which is the split that resulted in
having on one hand the network provider, and the service provider on the other hand
[Fitzek, Frank H. P., Reichert, Frank (Eds.) 2007] This split has led to the existence of
four main players in the mobilefds industry,
the device manufacturer and the customers [Fitzek, Frank H. P., Reichert, Frank (Eds.)
2007] With the introduction of Mobile Broadband Data ( 3G) networks, more attention
was paid to the services to satisfy the requirements of the customers. People started to
use their mobile phones more and more in their daily life. Personal services and
community services are the two main dominant types of ser vices. This has led to more
demand on accessing the data. The evolution of mobile networks and the emerging
requirements of the customers have created an opportunity for the existence of
different operating systems that target mobile phones, and for the manufacturers to
produce SIM card enabled devices. Native IP networks (4G) was the result of the
industriesd efforts to cope with the increece
applications such as media streaming application [Tanenbaum and Wetherall 2011].
These advances in the infrastructure of mobile networks have paved the road for many
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platforms and applications that enable their users to produce and consume a vast
amount of multimedi a content.

2.2.2 Personal Area Networks

Nowadays, users possess different types of persoral area network (PAN)-
enabled devices, which allows for the creation of multimedia content such as photos,
videos and audios. Thanks to networking technologies, users can easily interconnect
their devices, e.g., in a P2P network, to make the captured multimedia content
available on their home personal area retworks (PAN). A PAN is computer networks
used to transfer data between different types of devices. Devices that support IEEE
802.15[IEEE 802.15 WPAN 2008] standards such as conputers, smartphones, tablets,
TVs, etc. can form a personal area network when they are placed within a distance of
sever al meters of each otherds. DiFif[Wiecr ent w
2017] Bluetooth [Bluetooth SIG 2016} or NFC [NFC 2016] can be used to establish a
PAN. Based on the PAN profile [Bluetooth SIG - PAN Profile 2016], three connection
scenarios are proposed (i) Network Access Poirt: in this scenario a Bluetooth-equipped
device acts as a bridge or a router between a PAN and some other network technology
e.g., GSM. (ii) Group Ad -hoc Network: in this scenario one Bluetooth-equipped device
acts as a master which commuricate between 1 and 7 Bluetoothequipped devices
operating as slaves. (ii) PAN User 8 PAN User: this PAN scenario realizes a direct
peer-to-peer (P2P) comnunication between two Bluetooth -equipped devices. In the
following, we will introduce the most applicable technologies and communication
protocols for our work, namely Bluetooth (SPP and PAN protocols) and Wi -Fi.

2.2.2.1 Bluetooth

The Bluetooth Special Interest Group (SIG) [Bluetooth SIG - Core specifications
2017] has released several versions of the Bluetooth specifications, the most recent
version (Bluetooth 5) was released on Dec 2016Table 2-2 lists chronologically the
adopted Bluetooth core specifications. The core specifications introduce different
profiles that specifies how devices can exchange digital data using the Bluetooth
technology. Those specifications include profiles for mult imedia content exchange and
for the formation of personal area networks (PAN). Table 2-3 encodes the Bluetooth
power classes and their respective power output and ranges. Table 2-4 encodes the
data throughput rates that applications can achieve by using the Bluetooth technology.

SPECIFICATION ADOPTED ON NOTES
CORE 5.0 06 Dec. 2016 50 Mbit/s
CORE 4.2 02 Dec. 2014
CORE 4.1 03 Dec. 2013
CORE VERSION 4.0 30 Jun. 2010 25 Mbit/s
CORE VERSION 3.0 + H5 02 Apr. 2010 25 Mbit/s
CEISRRE VERSION 2.1 + 26 Jul. 2007
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CORE VERSION 2.0+ 04 Nov. 2005 | 3 Mbit/s

EDR
CORE VERSION 1.2 | 05Nov.2003 | 1Mbit/s
Table 2-2: Bluetooth & history of adopted core specifications
MAX OUTPUT
POWER CLASS POWER RANGE
CLASS 1 100 mW ~ 100 meters +
CLASS 2 2.5 mW ~ 10 meters
CLASS 3 1 mw ~ 1 meter
CLASS 4 0.5 mW ~ 0.5 meter
Table 2-3: Bluetooth & range of radio po wer classesin meters
MAXIMUM APPLICATION
VERSION DATA RATE THROUGHPUT
VERSION 5.0 50 Mbit/s

(Only with amplifier , and
VERSION 4.0 24 Mbit/s depends on the amplifier . BT
itself remains 2.1 Mbit/s max)
(Only with amplifier , and

VERSION 3.0 + HS 24 Mbit/s depends on the amplifier . BT
itself remains 2.1 Mbit/s max)

VERSION 2.0 + EDR 3 Mbit/s 2.1 Mbit/s

VERSION 1.2 1 Mbit/s 0.7 Mbit/s

Table 2-4: Bluetooth & the maximum d atarate per Bluetooth versions

Bluetooth version 5 is released in Dec 2016 with boosted range, doubled speed, and
increased broadcasting capacity by 800%. According to the Bluetooth SIG, the
highlight of the new release of the Bluetooth technology is moving aw ay from the app-

paired-to-device model to a connectionless Internet of Things (IoT). [Bluetooth SIG -

Core 5.0 2017]

Now that we have summarized the technical features of the different core
specifications of the Bluetooth technology, we introduce in the following the
relevant profiles that handle the exchange of multimedia content and the
formation of PAN.

Basic Imaging Profile (BIP) defines how an imaging device can be remotely
controlled, how an imaging device may print, and how an imaging device can
transfer images to a storage device.

Advanced Audio Distribution Profile (A2DP) describes how stereo quality
audio can be streamed from a media source to a sink.

Video Distribution Profile  (VDP) defines how a Bluetooth-enabled device
streams video over Bluetooth wireless technology.
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Generic Audio/Video Distribution Profile (GAVDP) provides the basis for
A2DP and VDP, which are the basis of the systems designed for distributing
video and audio streams using Bluetooth technology.

Serial Port Profile (SPP) defines the protocols and procedures that shall be used
by devices using Bluetooth for RS-232 (or similar) serial cable emulation. This
profile is based on the RFCOMM protocol. It emulates a serial cable to provide a
simple substitute for existing RS-232, including the familiar control signals. The
scenario covered by this profile deals with le gacy applications using Bluetooth as
a cable replacement, through a virtual serial port abstraction. SPP is of a special
interest to our work, since applications can exchange any type of digital content
by streaming byte sequences over a virtual serial port. Figure 2-1 depicts the stack
of the SPP.

Application A < Application B
Serial p:tr}’i :ﬁl;}?tion or | Serial pg:]:cl :ﬁtg?tion or
RFCOMM SDP  j¢—p RFCOMM SDP
LMP L2CAP r—— LMP L2CAP
Baseband <—> Baseband

Figure 2-1: Bluetooth & the stack of Serial Port Protocol (SPP) [Bluetooth SIG -
SPP Profile]

Personal Area Network profile (PAN) desaibes how two or more Bluetooth -
enabled devices can form an adhoc network and how the same mechanism can
be used to access a remot@etwork through a network access point . PAN defines
three roles:

(i) Network Access Point (NAP) and NAP Service 0 A Bluetooth device that
supports the NAP service is a Bluetooth device that provides some of the features
of an Ethernet bridge to support network services.

(i) Group Ad -hoc Network (GN) and GN Service 0 A Bluetooth device that
supports the GN service is able to forward Ethernet packets to each of the
connected Bluetooth devices, the FAN users, as needed.

(i) PAN User (PANU) and PANU Service - This is the Bluetooth device that
uses either the NAP or the GN service.

PAN profile defines the following four Bluetooth connection scenarios:
i) Personallink to one preset device.

i) Point to Point link to any one device (ad-hoc).
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iii) Point to multi-point: link up to seven devices (Piconet).
iv) Scatternetslave in one Piconet is the master ofanother Piconet.

The process of connecting devices via Bluetooth has three distinct steps. The flow
of the process starts with device discoveryhen service discovergnd finally selecting
a serviceo use.

Device discoverjollow s the inquiry protocol that has i) Inquiry modeto discover
devices by sending inquiry packets. Short packets are sent out rapidly in a
sequence of different frequencies. The inquiring device changes frequencies 3200
times a second. i) Scan mod& make the device discoverable. The device changes
frequencies very slowly, once every 1.28 seconds. This ensures that bothnquiry
and scanmeet at some point on the same frequency. Inscan moddrequency is
changed regularly to avoid the interference.

The Connection protocol has i) Page modeavhich initiates the connection. To
initiate a connection, the requesting device must know the 48-bit Bluetooth device
address of the target device. ii) Pagescan modeesponds to incoming connection
request. Table 2-5 summarizes the timing of the Inquiry and Paging modes.

MIN. TIME AVERAGE TIME
OPERATION SEC. (SEC) MAX. TIME (SEC)
INQUIRY 0.00125 3-5 10.24- 30.72
PAGING 0.0025 1.28 2.56
TOTAL 0.00375 4.28-6.28 12.8-33.28

Table 2-5: Bluetooth - the timing of the Inquiry and Paging

Service Discovery Protocol (SDP) allows devices to discover the services
provided by other devices within the PAN. Ser vice discovery is performed after
a data connection is set.Figure 2-2 depicts the State Machine as defined by
Bluetooth specification. The state machine covers five states represented by
Standby, Scanning, Initiating, Advertising, and Connection.

Scanning

A

Advertising Standby Initiating

Connection

Figure 2-2: Bluetooth d the five states of the State Machine
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2.2.2.2 Wi-Fi/lEEE 802.11

Wi-Fi is the trademark of the Wi -Fi alliance [Wi-Fi 2017} Wi-Fi-enabled devices
implement the standards defined by IEEE 802.11[IEEE 802.11 WLAN 2017] for
establishing wireless local area networks (WLAN). IEEE 802.11 is a set of media access
control (MAC) and physical layer specifications for implementing WLAN computer
communication in the 2.4, 3.6, and 5 GHz frequency bands.Table 2-6 encodes themain

features of the IEEE 802 protocols.

802.11 FREQUENCY DATA RATE INDOOR RANGE
PROTOCOL (GHZ) (MBIT/S) (METER)
202'1“997’ B, G, 2.4 ~1t0 54 ~201to 125
A 3.6 ~ 6 t0 54 ~ 3510 115
A, N, AC 5 ~ 610 86 ~ 35 to 230

Table 2-6: Wi-Fi dsummary of frequency, data rate, and indoor range as specified
by the IEEE 802.11 protocols

2.2.3 Mobile Operating Systems and Platform s

Since the introduction of mobile phones about four decades ago, hardware
evolution was accompanied by the same evolution of operating systems. Many
operating systems were introduced. Some of them have survived and still maintained
and in use by device manufacturers, some of them have not. However, each of those
operating systems has its own approach in mobile computing and its own user
experience. In this section, we introduce the most common operating systems that run
on the mobile devices. This topic canbe addressed from many perspectives. However,
our ultimate aim is to highlight the main features of each operating system that
support multimedia applications design and development.

2.2.3.1 Android

Several Linux-based platforms have been introduced for mobile devices; Maemo
[Maemo OS 2007] Openmoko [Openmoko OS 2013] Qtopia [Qtopia OS 2006] Limo
[LiMo Foundation 2017], and Android [Google 2017] Many mobile m anufacturers
have adopted Linux-based mobile operating systems such as Samsung, Motorola,
HTC, Sony and others.

Android is developed by Google and first introduced in November 2007 [Google 2017]

It is a Javabased operating system that runs on Linux kernel. Android applications

are written using Java language. Applications do not run within a JavaME [Java ME

2017] virtual machine. Java-compiled classes ard executables will not run as well
natively in Android. Android first int-roduce
in-time compilation (JIT) to run Dalvik "dex -code", which is usually translated from

the Java bytecode. A runtime used to execute and hat Android applications include

the Dalvik virtual machine and the core libraries that provide Android specific

functionality. Dalvik is Android's own optimized  Java Virtual Machine to run the
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compiled Java class files in order to counter the handheld device limitations such as
memory, processor speed, and power. Android Runtime (ART) in Android 5.0 and
later versions replaces Dalvik as the platform default [Google 2017] The ART runtime
was introduced in And roid 4.4 on an experimental basis. In October 2015 Google has
released Android M - M for Marshmallow - as the eights major release of Android
operating system.

Android applications can be developed using the Android SDK and ADT Plugin for
Eclipse [Foundation and Inc 2017]. The development of Android framework is moving
very fast and actively and the market share of Android framework is growing rapidly.
Since May 2013 Google released the Android Studio[Google 2017]as the official IDE
for developing application Android devices. The new IDE is based on IntelliJ IDEA
[Intellid 2017].

With Android 5.0, 6.0 and 7.0 Google has targeted a wider range of portable devices.
The new releases of the platform introduced TV and Auto profiles in addition to the
existing smartphone, tablets and wearables profiles. The new features of Android
platform add more support to Multimedia content acquisition and management,
enabling better graphics for games, as well as audio, camera, and video processing.

2.2.3.2 10S

iPhone [Apple I nc. 2017b]is a proprietary hardware and software platform
released by Apple [Apple Inc. 2017a]. IOS inherits its architecture and technologies
from Mac OS X; the Kernel is a variant of Mac kernel. It has four layers, Core OS, Core
services, Media, and Cocoa touch[Apple Inc. 2015a].

Applications for iPhone are programmed with Objective -C using Xcode which is an
SDK provided by Apple. Applications run natively on iPhone OS. Obijective -C
application framework is a set of extensions to the standard ANSI C language known

as Cocoa to develop applications for Mac OS and iPhone. The two main development
tools are Xcode and the InterfaceBuilder. Applications can be developed using both

Objective-C and C++. Apple compiler recognizes the code written with Objective -C by
the extension *.m. A runtime system to run the compiled code is required. In 2014,
Apple introduced SWIFT [Apple Inc. 2017c] as a new programming language for iOS.
The code written in SWIFT can be run on Objective-C runtime system similar to code
written in Objective -C and C++.

Apple has two runtime systems, modern and legacy. The most notable new feature is

that instance variables i-hr adiel en@.deTme rmuuwmntiir
acts as a kind of operating system for the ObjectiveC language. The application

interacts with runtime at three levels; Objective-C source code, methods defined in the

NSObject class of the Foundation framework, and direct calls to runtime functions.

2.2.3.3 Windows Phone and Windows 10 M obile

As of October 2010 Windows Mobile is known as Windows Phone [Microsoft
2014b] Windows Mobile is a compact operating system based on Windows CE
targeted to resource-constrained handheld devices such as PDAs and smartphones.
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The first version of Windows Mobile was based on Windows CE 3.0 and appeared in

2000 as OPob&k.keManrPyC v2e0r0sOi ons have been rel ease
released Windows Phone 7 in October 2010 as the successor for Windows Mobile.

Windows Phone 8.1 was released in Apr 2014.Windows 10 was released on July 2015

[Microsoft 2015b], itrepr e sent s Mi c r o sunmifytthie sleskiop, ttablebprid t o
phone operating systems into a single operating system. Windows 10 mobile shares

many of the features asthe Windows desktop, including the same kernel, Ul elements,

menus, settings, and Cortana [Microsoft 2015a]. It supports Continuum [Microsoft

2017b] on newer smartphone devices, allowing for a desktop-like experience by

plugging the smartphone into an external monitor.

Microsoft Visual Studio for Windows Phone is the official tool for developing
applications for Windows Phone. Application developers can develop using C# /
Visual Basic.NET (.NET), C++ (CX), or HTML5/JavaScript. The .Net Compact
Framework offers a collection of class libraries that provide many services and
functionalities. It resides on top of the Common Language Runtime (CLR), which is in
its turn placed on top of the operating System. The support for native C and C++
libraries allows some traditional Windows de sktop programs to be easily ported to
Windows Phone.

The .Net Compact Framework offers several libraries to enable dealing with
multimedia content. The notable addition that Windows Phone 8.1 has added, is the
support for the HTML5 . This support is enabled by: i) Media Source Extensions(MSE)
that support the HTMLS5 . ii) Encrypted Media Extensions (EME). And iii) updates to
the XAML Media Element control [Microsoft 2014b].

2.2.3.4 Java 2 Micro Edition (J2ME)

Java is the first cross platform programming language. J2ME applications can
deal with many data formats such as XML, text, WML, XHTML and serialized Java
objects. The applications can take the advantage of the strong wireless networking
support of J2ME [Economou et al. 2008] J2ME comes in at the third place in the family
of the object-oriented programming environment created by Sun Micro Systems [Java
2017] It is a subset of Java standard edition (J2SE)which targets resource-limited
devicesthat cannot support the full implementation of J2SE.

J2ME follows a modular design [Kenteris et al. 2009] of configurations and profile in
order to support a wide range of devices.

J2ME Configurations define the minimum features of java virtual machines and a
minimum set of libraries. Currently there are two known configurations: i) the
connected limited device configuration (CLDC) and ii) the connected device
configuration (CDC).

J2ME profiles are implemented on the top of configurations. Those profiles are high
level APIs for specific device groups. APIs provided by a profi le normally consist of
application life -cycle model, user interface, storage, specific network support and
more, Mobile Information Device Profile (MIDP) is an example about the profil es.
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J2ME applications do not have a main class as usually found in J2SE applications. J2ME
provides the MIDlets instead. This implies that a J2ME application must extend the
MIDlet class. The developer implements her J2ME application in the extended MIDlet
class. For the execution environment, MIDlets are packaged together with resources,
classes, and third party compatible libraries into a *.jar file. Developing mobile
applications with J2ME has many advantages [Kenteris et al. 2009]since J2ME inherits
the main assets of Java language of developing platform independent applications.

2.2.3.5 Symbian

Despite the fact that Symbian OS has been discontinued[Symbian 2016], we
opted to include Symbian OS in our analysis for the sake of completeness The roots of
Symbian go back to 1980. David Potter has started to design games and office
productivity software for Sinclair's personal computers under the name of Psion. In
1984, Psion Organizer was launched as the first handheld computer in the world. In
1998, Symbian started as a joint venture between Psion, Motorola, Ericsson and Nokia.
In 2008, Nokia has purchased all the assets of Symbian and started down the path to
make it as an open source[Symbian 2016} In Apr 2014 Microsoft has completed the
accusation of Nokia Devices [Microsoft 2014a]. However the discontinuation of the
development of Symbian has been announced earlier in 2012Wikipedia 2014].

Symbian OS is designed for mobile devices with limited resources and expected to run
months or years without being switched of f. Symbian OS programming is event-
based. The CPU is powered down when applications are not directly dealing with an
event, this is achieved through the aid of a programming idiom called active objects.
Correct use of these techniques helps to ensure longer battery life. Symbian OS has
three user interface categories, S60, S80 and UIQ, the forth category S90 is merged with
S60.

Using Symbian C++ provides full access to devices capabilities and speed advantage
of native compiled applications. This compensates the difficulty of learn ing and
developing with Symbian C++ in comparison to Java and Python. Python is a dynamic
object-oriented open source computer programming language that was created and
released by Guido van Rossum in 1989- 1990.[Paython 2017]. Nokia provided a port
to write python scripts and run them on Symbian S60 platform. Python for S60 enabled
rapid application prototyping and development with scripts and provided the ability

to create standalone S60 applications. Instead of using Java or Symbian C++, the
Python script files can be archived in .sis package. A script file canbe written using a
text editor and saved as a *.py file [Nokia 2009].

Symbian OS provided a Multimedia framework to capture, edit and view media

content . For exampl e, the oOecam. | i bdfthe s ded]
devi ce. |t has provided an object called 0C(
the application to control the camer a. The ¢
provided by the interface o0MCamer aObserverd

provided by the application. It worth to mention as well that the framework did not
support the camera module on the emulators.
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2.2.3.6 Summary

In this section, we provided a rough introduction on the main operating systems
and development platforms that run on mobile dev ices. Table 2-7 summarizes the
main features that can be connected to application developmentin each presented OS.

Platform Language License Prerequisites Testing
, Junit,
Android Java, C, C++ Open source g‘g?(r,o:\(ljDK Emglator,
Device
[0S g\?\J/?FC:[I_Ne_C’ C, Proprietary |IOS SDK gr;\:::aetor,
C#
ind C++ |
W;r;\oc;]v(\a/s VB.net Proprietary Visual Studio [E)r;”l\zcagor,
HTML5/JavaScript
XAML
Symbian S’TCH’ Java ME, Open Source QT SDK [E)r;\:JiICaetor,
Standard o Simulator
J2ME Java ME different J2ME SDK . ’
. : Device
implementations

Table 2-7: Summing up the programming languages, license, prerequisites, and
testing options for eachindividual mobile platform

Table 2-8 lists the supported audio/video formats by each platform.

Platform Container Network Video Codec Audio Codec
Format (*) Protocol
: - http://audio AAC Ic
Android mp4 () rstp://video H264 HE-AAC v2
_ AAC
I0S mp4 http:// H264 AA C+
. H264 MP3
*kkk
WF',%%?]"(‘E’S \r;V'\iV )| hitpess H263 AAC
P WMV WMA
. 3GP (*¥) _ AMRnNb
Symbian mp4 rstp:// H263 AAC

Table 2-8: Supported video/audio formats and containers by mobile platforms

(*) A container or wrapper format is a meta -file format whose specification describes
how different data elements and metadata coexist in a computer file [Wikipedia
20164a]

(**) 3GPis used by many mobile phones and is based on the ISO base media file format.
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(***) MP4 - standard audio and video container for the MPEG -4 multimedia portfolio,
based on the ISO base media file format defined in MPEG4 Part 12 and JPEG2000 Part
12, which in turn was based on the QuickTime file format.

(****) WMV - Windows Media Video is a video compr ession format for several
proprietary codecs developed by Microsoft. The original video format, known as
WMV, was originally designed for Internet streaming applications, as a competitor to
Real Video [Wikipedia 2016c]

2.3 Wa3C Standards

In this section, we introduce relevant W3C standards to our work. W3C
standards such as Semantic Vb tednologies, HTML , and SMIL are of a special
meaning amongst the others to our approach. However, we are not aiming at
providing full and comprehensive detailed analysis of these W3C standards. For
further details, we refer the reader to the associated reference to each of these
standards.

2.3.1 Semantic Web

The W3C defines the Semantic Web as
technologies enable people to create data stores on the Web, build vocabularies, and
write rules for handling data [W3C Org. 2016b] In the conventional web of documents,
website creators use markup languages and stylesheets to structure the information
and the layout of web pages. While web browsers can display those markup authored
web pages, content of those pages remain meaningless to the machines. Meanwhile,
the human mind is able to interpret the meaning of content. Hence, there is a
recognizable gap between what computers and humans understand [Sikos 2015]
Some resources such as images often encode machine readable metadata, however
without context, the information provided by those metadata tags can be ambiguous
to other software clients. To make content unambiguous and machine processable,
structured data can be added to the web sites in form of markup annotations or
external metadata files. Structured data have been used in computing for decades, i.e,
in SQL relational databases, where SQL queries can be executed to retrieve the
information. By adding structured data to web pages, dual benefit can be achieved,
that is, on the one hand, humans still can browse and read those web pages, and on
the other hand machines, e.g. search engines and agentscan process those machine
readable data.

The term o0Semantic Webo refers to W3CO0s
data are empowered by technologies such as:

i) The Resource Description Framework (RDF). RDF will be presented in section 2.3.2
below.

i) The Protocol and RDF Query Language ( SPARQL ) , pronounced
can be used to retrieve and manipulate information stored in RDF or in any f ormat
that can be retrieved as RDF[W3C Org. 2016c]}
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iii) The Web Ontology Language (OWL). OWL will be presented in section2.3.3 below.

iv) The Simple Knowledge Organization System (SKOS) [W3C Org. 2016b]
Knowledge Organization Systems (KOS) are used for processing authority lists,
classifications, thesauri, topic maps, and ontologies [Sikos 2015] Figure 2-3 depicts
the full stack to the Semantic Web.

| User Interface & application |

| Trust |
| Proof
| Unifying Logic |
ontology:|| Rules:
Query: OWL RIF
SPARQL C t
RDF-S Typto

| Data interchange: RDF

|
|
| XML |
|

| URL | | Unicode

Figure 2-3: Semantic Web stack [W3C - Semantic Web 2007]

2.3.2 The Resource Description Framework (RDF)

RDF [W3C Org. 2014e] is a framework for expressing information about
resources. Resources can be anything, including documents, people, physical objects,
and abstract conceds. RDF provides a common framework that enables the
applications to express and exchange data without loss of meaning. RDF datasets
consist of collections of RDF statements (defined as triples), IRIs, literals, blank nodes
and multiple graphs.

An RDF triple is constructed from three parts, these are, the Subject, the Predicate and
the Object. An RDF statement expresses a relationship between two resources. The
Subject and the Object represent the two resources being related; the Predicate
represents the nature of their relationship. [W3C Org. 2014e€]

The | RI is short for olnternational Resour ce
identifies a resource. IRIs can be used in all of the three parts of a triple.For some

certain cases, RDF specifications allow for defining resources without a unique global

identifier, i.e., resources without IRI , which can be represented as blank nodes.

Literals are basic values that are not IRIs, hence, literals can be stringsdates and
numbers. A Literal can be associated with a datatype enabling such values to be
parsed and interpreted correctly. String literals can optionally be associated with a
language tag.
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RDF framework provides a mechanism to group RDF statements into graphs, and
associate such graphs with an IRI.Hence, multiple graphs result from creating subsets
of a collection of triples.

2.3.3 Ontologies (OWL)

Ontologies are used to capture knowledge about some domain of interest. An
ontology describes the concepts in a domain and also the relationships between those
concepts. There are different ontology languages that can be used to create an
ontology, all refer to conceptualization through a data model for describing a piece o f
our world [Sikos 2015] Ontology languages such as OWL[W3C Org. 2014c]support
the following components [W3C Org. 2014c; Sikos 2015]

Classes Sets or collections of objects, classesand types in object oriented
programming, concepts, or kinds of things.

Attributes : Aspects, properties, characteristics, or parameters that feature objects and
classes.

Individuals : Instances or objects.

Relations: The logical relation between classes, between individuals, between
collections or between different components such as classes and individual etc.

Function terms : Complex structures formed from certain relations that can be used in
place of an individual term in a statement.

Restrictions : Formally defined descriptions or ranges of valid values.
Rules: If-then statements serving the logical inferences.

Axioms : Assertions in a logical form that, together with rules, comprise the overall
theory that the ontology describes in its domain of application. Axioms are used to
impose constraints on the values of classes or instances, so axioms are generally
expressed using logic-based languages and can be used for verifying the consistency
of the ontology.

Events: Attribute or relationship changes.

2.3.4 Linked O pen Data (LOD)

In 2006 Tim BernersLee has introduced four rules [Bizer et al. 2009]for Linked
Open Data: i) Use URIs as names for things. ii) Use HTP URIs so that people can look
up those names. iii) When someone looks up an URI, provide useful information using
the standards of RDF and SPARQL. iv) Include links to other URIs, so that they can
discover more things.
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The result of applying these rules is a cloud of Linked O pen Data that contains 1014

datasets as of 2014 compared to 295 datasets in 2011 offering more than 31 hdh

statements (triples) connected by more than 501 million links [LOD 2014]. The

technical requirements of publishing Linked Open Data ensure that: i) the data are
machine-readable, ii) the meaning of the data is explicitly defined, and iii) the data is

linked to other external data sets and can in turn be referenced to from external data

sets[Bizer et al. 2009] Linked O pen Data enabled new types of applications such as

linked data browsers and search engines, and domainspecific linked data applications

[Bizer et al. 2009] Applications can use lookup services to discover the linked d ata
[Hausenblas 2011] Lookup services can be summarized as follows: i) Simple dataset

specific look up services, e.g., DBpedia. ii) General lookup services that allow looking

up both terms and URIs. iii) Specified link type or entity services. Data publishers

should use vocabularies of one or more of the widely deployed schemas. Those

schemas are specified to make data machine readable and interchangeable. The XML

snippet in Figure 2-4 depicts part of the result set of an SPARQL query about a resource
senttoDBpediaAPl s. As pointed out in the rdéadabdx,
to allow the inquiring clientt o correctly i nter pam@tnotherpr oper
words, the result indicates to the inquiring client that there is an attribute called
onamae&md it has nameas plaictee réafl o avfadl uaen do Ma mmal s 6
clentunder stands the 06foafd vocabulary, the re
processed.Table 2-9 and Table 2-10list the top five used vocabulary schemas in 2011

[LOD 2011 2011]and 2014[LOD 2014], besides the notable increase in the number of

the datasets, we notice as well a change in the used vocabulary. Data pblishers tend

to use more well-established data vocabularies such as rdf andrdfs in their datasets

providing for more interchangeability.

<result>
<binding name="property"=<uri=http://dbpedia.org/property/imageWidth</uri=</binding>
<binding name="hasValue"=<literal xml:lang="en"=250px</literal></binding>
</result>
<result>
<binding name="property"=<uri=http://dbpedia.org/property/subdivision</uri=</binding>
<binding name="hasValue"=<literal xml:lang="en"=>*Subclass tAllotheria*
*Subclass Prototheria
*Subclass Theria
**Infraclass tTrituberculata
#+Infraclass Metatheria
**Infraclass Eutheria</literal></binding-
</result>
<result>
<binding name="property"=<uri=http://dbpedia.org/property/small</uri=</binding=>
<binding name="hasValue"><literal xml:lang="en">yes</literal></binding>
</result>

<result>
<binding name="property"=<uri=http://xmlns.com/foaf/0.1/name</uri=</binding=>
<binding name="hasValue"><literal xml:lang="en"=>Mammals</literal></binding>

=/results>
</sparql>

Figure 2-4. DBpedia result set showing t
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VOCABULARY PREFIX NUMBER OF DATASETS | N 2011 (TOP5)
DC* 92
FOAF 81
SKOS 58
GEO 25
XHTML 19

Table 2-9: Datasetsused in the Web of Data ordered by number of datasets in 2011

VOCABULARY PREFIX NUMBER OF DATASETS | N 2014 (TOP 5)
RDF 996
RDFS 736
FOAF 701
DCTERMS (*) 568
OWL 370
Table 2-10: Datasetsused in the Web of Data ordered by number of datasets in
2014

(*) Dublin Core (DC) was introduced in 1995 -1996 before the invention of RDF in 1998.
Elements of DC were declared among the early RDF properties. As RDF has matured,
these properties were criticized for being underspecified and ambiguous. To ove rcome
this problem, DCMI created fifteen properties and assigned a new namespace to them,
t hat t & r thiose.teéms go in parallel to corresponding old terms that were
introduced in the elements 1.hamespace DCMI encouraged data publishers to use the
semanticall y dmo e prop@gtee asitheyefullcomply to the emerging
notions of best practice for machine-processable metadata. [Dublin Core - Terms
2015]

2.3.5 HyperText Markup Language (HTML )

Since the first public introduction of HTML -Tags in early 90s[HTML - Public
document 1992), HTML [W3C Org. 2014b]has become the standard markup language
for creating web pages and web applications. In the past twenty-five years, many
revisions of HTML were published, Table 2-11 summarizes those revisions:

YEAR VERSION
1989 Tim Berners-Lee invented WWW
1991 Tim Berners-Lee invented HTML
1993 Dave Raggett drafted HTML+
1995 HTML Working Group defined HTML 2.0
1997 W3C Recommendation: HTML 3.2
1999 W3C Recommendation: HTML 4.01
2000 W3C Recommendation: XHTML 1.0
2008 WHATWG HTMLS5 First Public Draft
2012 WHATWG HTMLS5 Living Standard

27



2014 W3C Recommendation: HTML5
2016 W3C Candidate Recommendation: HTML 5.1
2017 W3C Working Draft, 28 February 2017: HTML 5.2

Table 2-11: The history of the development of HTML  [HTML History 2017]

HTML documents have two parts, the head part represented by the element <head>.
The head part includes the title of the document, the metadata tags that add additional
information about the document and other elem ents as depicted in Figure 2-5. The
second part is the body, which is represented by the <body> tag. The body part
contains all layout and the media elements that the document presents,i.e., the content
of the document.

<HEAD
<METACHARSETHTF 8" >
<BASEHREFhttps://www.... /" >
<TITLE>An application with a long head</ TITLE>

<LINK REL=STYLESHEET"HREF=efault.css" >
<LINK REL=STYLESHEET ALTERNATHIREF=big.css"  TITLE="Big
Text" >
<SCRIPT SRC=support.js" ></SCRIPP®
<METANAME-APPLICATION NAME"CONTENTEo0Ng headed
application" >
</ HEAD

Figure 2-5: The <head> tag and its sub elements as defined by the HTML
specifications

HTML and specifically version 5 introduces new tags such as <audio>, <video>,
<svg>, etc. to enable the inclusion of new media elements such as audio, videq and
animation in addition to existing elements such as images, text, and hyperlinks.
HTML5 adds a corresponding Document Object Model (DOM) API for those new
added elements, i.e., in case of video objects, the new video API can be used to detect
support for different video formats, play a video, pause, mute audio, track how much

of the video has been downloaded, and other required features to build a rich user
experience around the <video> tag.

HTML does not provide constructs to specify temporal synchronization between the
elements [S. Boll et al. 1999] However approaches such as[Laiola Guimarées et al.
2014] suggests a set of document extensions that can be specified by means of
Cascading Style Sheets(CSS) to allow timing and synchronization of HTML elements.

2.3.6 Synchronized Multimedia Integration Language (SMIL)

SMIL [W3C Org. 2014f] is the W3C recommendation for describing multimedia
presentations. SMIL 1.0 became a W3C recommendation in June 1999. The versions 2.0
and 2.1 have followed few years later, the latest version 3.0 was published in December
2008. Despite the fact that there is no distinct support by the industrial sectorfor SMIL,
SMIL language represents an intuitive and a well -structured markup language for
describing the basic aspects of multimedia presentations as well as for composing
sophisticated and more advanced presentations. SMIL language introduces multiple

28



profiles, each profile contains several SMIL modules to satisfy the purpose of that
profile, e.g., the SMIL Unified Mobile Profile is a collection of SMIL modules that

provide support for the SMIL Language within the context of mobile devices. The

Unified Mobile Profile expects such devices to have high-resolution displays and
sufficient memory and processor capacity to render SMIL documents [W3C Org.
2014f]. This profile encompasses the reqiired modules to meet the needs of a wide
range of interactive multimedia presentations. The Open Mobile Alliance (OMA)
[OMA 2017] implemented SMIL language for representing multimedia presentations

on handheld and mobile devices [OMA - MMS].

SMIL language introduces a set of modules that define the semanticsand syntax for
certain areas of functionality, e.g., layout module, timing and synchronization module,
animation module and many other modules.

A multimedia presentation that is described by SMIL language consists of two main
parts: i) The <head> element, which contains the <meta> tags and the <layout> tags.
i) The <body> element, which contains the timing information, and is generally
composed of combinations of three main tags: sequential <seg>, parallel "<par> and
exclusive <excl>.

2.4 Approaches and Appli cations of Document Authoring and
Sharing

In this section, we discuss the approaches and applications in the domain of
multimedia document authoring and sharing in order to provide a comparison of
these approaches in the subsequent sections. We observe tatypes of approaches and
applications: The first type deals with pre -composed multimedia documents. In these
approaches the creation of the multimedia document is not of special interest. The
problems addressed by these approaches are related to retrievhg and adapting the
pre-composed multimedia document, very often also targeting personalizing content
by considering the use of user profiles. The second type of approaches and applications
mainly addresses techniques for authoring and sharing multimedia d ocuments.
Current systems and prototypes are mainly designed following a client-server
architecture, which eases fulfillment of all the requirements of multimedia document
authoring and sharing. These systems are based on the integration of different
frameworks and building blocks developed by a research community working on
different areas of multimedia composition and sharing process.

2.4.1 Approaches dealing with pre -composed multimedia documents

We divided this type o f approaches into two main subtypes, these are, i) the
retrieval and ii) the adaptation of pre-composed multimedia documents.

2.4.1.1 Multimedia content retrieval of pre-composed multimedia documents

When looking at solutions for multimedia content retrieval in the context of
mobile devices we observe that location-aware information retrieval has gained an
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increasing attention in the past few years. Considering the location of the user when
deciding what could be important, relevant, and at the same time interesting to be
presented to the user has become an important and emerging topic in multimedia
retrieval systems. Many approaches and applications use the location of the user as an
input to deliver service s, in particular in the context of mobile devices, as one can see
from the variety of apps of different categories such as tourist and city guides, city
street maps, trip advisors, trip planers, hotel finders, car rentals, etc., offered in famous
app-stores. Because these locatiorbased applications deal with pre -composed
multimedia documents, they focus on retrieval and delivery of the content, but do not
support the authoring process of the content. Multimedia documents processed by
such location aware systems usually include text and images and provide useful
context-aware information to the user. Obviously, multimedia documents that are
delivered by such location-aware applications can be considered as rich input for
multimedia doc ument authoring applications that perform content analysis,
processing, and knowledge extraction tasks. Subsequently we provide a more detailed
description of some of these approaches. In the following, we briefly summarize
selected approaches dealing with multimedia content retrieval of pre -composed
multimedia documents.

The MobiDENK [Krosche et al. 2004] project aims to provide a location-based
multimedia content for mobile users about cultural sites in Lower Saxony. The project
follows earlier appro aches in providing location -based multimedia content, namely
GUIDE [Cheverst et al.], deep map [Malaka and Zipf 2000] and LoL [Pospischil et al.
2002] The main task of the application is to inform the user about the historic sites
nearby her actual location by offering her multimedia content and a user friendly

application on a portable computer such as PDA. MobiDENK offers the users
interesting and exciting information that is easy to understand. When the user
approaches a historical site, an icon is displayed on the map. Clicking on that icon a
multimedia presentation starts and the content is provided as a HTML web page. The
system consists of four main modules: a geographic information system module, a
point of interest module, a location module, and a simple multimedia presentation

module. MobiDENK does not address the process of composing the multimedia
document. It only supports retrieval of multimedia content.

[Hosokawa 2008] presents a location-aware information browser implemented on
BREW-based mobile phones. This approach argues that mobile users such as drivers
and pedestrians decide their future activities using location -dependent information
based on their points of interest. It proposes a method to implement a location-aware
information browser on mobile phones to improve the process of information
acquisition and presentation to help the users in making decisions based on additional
information. The system is designed to look for nearby points of interests the user is
not aware of. It aims to transform given map information into a user - and location-
specific map with enri ched information elements on the points of interest. The
information browser is composed of two subsystems: 1) a map data reader and 2) an
active map transformation sub-system. The browser relies on five types of data: a)
map data, b) user's current locaton, c) point of interest, d) user's request, and e) space
filter. In order to generate the so-called display -sized map the browser performs the
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following main steps: a) It automatically generates the space filter. b) It filters
unnecessary map elements.c) It clips map elements from the minimum bounding

rectangles. d) It applies the space filter to the map. e) It renders transformed map
elements on the screen.

[Ahlers and Boll 2009]pr esent s a broader wunderstanding
mobile retrieval systems. The approach aims to provide information that is more

precise to the user by exploiting special spatial filters and relevance ranking methods.

The approach proposes to use spatial proximity search like search at departure, search

on rout e, search at destination of a userods
direction, or a combination of spatial proximity and temporal proximity filters. Based

on these filters and the available data such as route, speed, range, and time, a combined

spatial footprint for queries can be built. These techniques allow for filtering the query

result items or poi nt of i nterests dased or
displaying just all the items in the surrounding area. Furthermore, combining textual

and spatial ranking allows for the higher ranking of result items that are farther away

but still highly relevant compared to those result items that are close by but not as

relevant to the user.

[ D6 Souza dntthe Bluetootl2\Mill@ge Guide Book (VGB), the user browses the
multimedia content related to an object placed in the Kelvin urban village. The user
downloads an application that grants the access to a service point using Bluetooth
technology. The user can then navigate through menu system and select the contents
she would like to view.

2.4.1.2 Adaptation of pre-composed multimedia documents

Adaptation of multimedia content contributes to multimedia content delivery,
reuse, and portability. In m ultimedia document adaptation, we observed two main
techniques: Adaptation by manipulating the quality of the individual media content
within the multimedia document. This technique includes scaling, quality reduction,
modality conversion, and trans-coding (e.g., [Jannach et al. 2006} The second
adaptation technique is by replacing the multimedia content with semantically
equivalent content (e.g., [Bertolotti et al. 2006]). In the following, we illustrate these
two major approaches to adaptation by selected approaches.

In the approach presented in [Jannach et al. 2006Jjadaptation of the original media
content (e.g, video) is suggested in order to conform to the available bandwidth of the
network and the size of the screen The implemented adaptation techniques are: 1)
Adaptation by scaling. 2) Adaptation by quality reduction. 3) Adaptation by modality
replacement. 4) Adaptation by trans-coding. The system considers adaptation
problems that are related to Session Mobilitylt is argued that a user can start watching
a film using her mobile device and continue watching it using her PC. A semantic
framework is used to determine the techniques, which will be used for the adaptation
process amongst the available adaptation systens. The adaptation process is achieved
through two main steps: 1) Planning by examining the features of the requested
multimedia content and the specifications of the target device. 2) Configuring a
suitable sequence of adaptation services that is built based on the planning results by
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a knowledge-based approach. This approach integrates the MAEG-21 multimedia
framework and Semantic Web technology by combining concepts from OWL -S and
MPEG-21.

The approach presented in [Cesar et al. 2008]combines structured multimedia

document adaptation and mechanisms of session transfer. The approach provides a

continuous dynamic adaptation of multimedia content in a given user's context at any

given moment. This approach argues that the multimedia content does not necessarily

have to be rendered on a single device but it can be transferred and presented across

many devices. Hence, it targets the presenta
surrounding the user. To achieve the requirements, the system should be aware of the

description of the actual device, dynamically generate the multimedia presentation,

and provide a session continuity mechanism.

In the approach described in [Laborie et al. 2007]the adaptation of the multimedia

document takes place prior to delivery. The approach discusses local and global

adaptation. Local adaptation implies the individual adaptation of each multimedia

component separately. Global adaptation implies the adaptation of the whole

document. The approach presented focuses on global adaptation. Adaptation is
applied on a composed multimedia document ar
example, if the profile of the user may prohibit some type of contents, such content

will be removed during adaptation.

In the work presented in [Bertolotti et al. 2006]a framework for the characterization of

document adaptation in the presence of both physical and user oriented context

requirements is proposed. The system represents the document presentation by
means of an automaton and is aware of all the ad¢ive multimedia components at any

time. Based on semantic equivalences between multimedia content fragments
specified by the document authors and stored as metadata in a database, the system
chooses equivalent components as alternatives for components that cannot be
delivered for presentation. In the absence of equivalence, undeliverable media
components are replaced with media components that minimize the loss of

information/quality in the presentation.

2.4.2 Approaches focusing on authoring and sharing of multi media
documents

The system presented in[Tummala and Jones 2005] provides the users with an
easy to use webbased interface to add their own contents and related location
information. Contents can be of any type of media, i.e., text, pictures, audio, or video.
The system targets both groups of users, content providers and content consumers,
and it does not require advanced technical skills for adding content in a tim e efficient
manner. For this group of content consumers, the content can be accessed with any
web browser-enabled device. The design goals are as follows: 1) Easy and device
platform -independent access. 2) Balance between ease of content management for
content providers and quality of content for users. 3) Comprehensive range of location -
specific content. 4) An intuitive, well -defined structure of content, based around the
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concepts of places, organizatons, and events on a timeline. 5) Simple method of
assaiating a place with its geographic coordinates. 6) Incorporation of legacy contents.
7) Content provider management rights. 8) Universal support for any Locale scaling
for any geographical region. 9) Valuable interface for user output.

CoCoMA [Eidenberger et al. 2007] is an integrated platform developed in the
framework of the DELOS Il European networks of Excellence on Digital Libraries. The
approach combines frameworks for retrieval, adaptation , authoring, and presentation.
The participants of the project define two phases in the life cycle of multimedia
content, Presentation Creatiomnd Presentation ConsumptionThe integrated platform
includes components of previous projects from contributing authors. The main
components of the integration project that cover Presentation Consumptiomre 1)
MM4U, which is a framework to help developers in developing personalized
multimedia applications that follow a general multimedia personalization process. 2 )
KoMMA that is a multimedia content adaptation server that supports basic and
advanced adaptation operations by integrating tools and algorithms and that performs
an adequate sequence of adaptation operations on the media content. The main
components that cover Presentation Creationare 1) VizIR, which is an open
development framework that allows for the use of multimedia retrieval techniques in
the course of content creation. 2) DSMIRF, which is a framework that facilitates the
development of knowledge -based multimedia applications utilizing and extending
the MPEG7 and MPEG21 standards. 3) SyMPA, which is the presentation
specification and generation component of the CoCoMA architecture.

In the multi -channel multimedia presentation generation approach pr esented in
[Scherp and Boll 2005c]the authors propose a multimedia document structure
consisting of: 1) a temporal model based on a localand global timeline, 2) a spatial
model offering either an absolute positioning or a relative positioning of content
elements, and 3) an interaction model for enabling some navigational functions over
the multimedia document. The main idea of this appro ach is to separate between the
media elements and logical structure of the underlying multimedia document on the
one hand, and the presentation of the document on the other hand. This approach aims
to define an abstract multimedia composition model for doc uments that can be
transferred to different multimedia presentation models for final presentation. It
employs some mapping algorithms that transform the abstract model to a
representation model based on the abilities of the target device.

The framework on context-aware personalization for mobile multimedia services
presented in [Weil3 et al. 2008] supports the filtering of contents based on the
preferences of a user and context information. The framework introduces the notion
of static and dynamic context, and it proposes two different approaches for filtering
contents depending on the kind of context.

XSMART [Scherp and Boll 2005a]is a context-driven authoring wizard that supports
the author throughout the steps of a multimedia content composition process. It offers
the very basic set of multimedia composition functionality. This includes the selection
of multimedia content and the creation of a simple layout in a page-oriented fashion.
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This work constitutes an approach toward a semi-automatic multimedia composition
tool.

[Kenteris et al. 2009]presents an approach to generate a tourist guide by means of a
personalized J2ME-application customized for a certain user according to her mobile
device specifications. The tourist guide is an offline application available as a
download from a server. Any user creates a profile capturing his/her preferences. That
profile will be used later on to compile a customized the J2ME -application. The
multimedia content for the tourist guide is encoded as XML document and i s packaged
with the J2ME-application including a customized program to present the multimedia
content on the device of the user. The user is offered a main menu that enables her to
browse the multimedia documents that were originally selected on the websit e serving
as the authoring environment prior to compiling and then downloading the
customized application. This work constitutes an approach of manual selection, a kind
of pre-specified template-based composition, and manual viewing of contents.
Content composition covers spatially arranging text and images. User interaction is
supported by means of navigation through the selected multimedia documents.

[Economou et al. 2008]represents early work trying to understand the tec hnical needs
for authoring tools and development platforms in the domain of cultural applications
for mobile devices. The authors introduced three types of cultural applications for
mobile devices based on a review of the state of the art technologies fordeveloping
mobile cultural and tourist applications. The authors concluded a set of requirements
for developing cultural applications on PDAs and mobile devices. They made case
studies on three different applications: 1) An authoring tool for the developme nt of a
cultural multimedia application on PDAs. 2) A newsreader mobile phone application.
3) An electronic tourist guide on mobile phones. Although the technical platforms
significantly changed in the meantime, the overall requirements concluded are stil |
valid.

[Jokela et al. 2008]introduces a Mobile Multimedia Presentation Edito r that enables
the user to compose multimedia content on the mobile device by systematically
following a user centered design approach. The authors have conducted a study and
concluded four principles for designing and developing the mobile multimedia
presentation editor. The four principles are flexibility, awareness of task context
expressivenesand personalizationThe designed editor interface has four views. 1) The
presentation view allows the user to browse and compose new presentations. 2) The
player view allows the user to view the selected presentation. 3) The edit presentation
view provides the user with tools to create and edit SMIL presentations. 4) The preview
presentation view allows the user to preview the presentation at any point duringt he
composition.

[Xiao et al. 2010] presents an application called iPhotobook that allows for the creation
of photobooks on mobile devices. The application integrates algorithms for image
selection, cropping, pagination, page layout, and background scaling. The users can
arrange their photo album through a graphical user interface (GUI) that supports touch

and motion gestures. This work can be considered as semiautomatic approach,
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because of the combination of algorithms for handling images and manual graphical
arrangement of the album by the user.

A framework for ontology -driven multimedia analysis and composition [Dasiopoulou
et al. 2007] introduces two complementary approaches. 1) A semantic framework for
multimedia retrieval, which automates the generation of annotations of media
elements from high level semantics, i.e., annotations, qualitative attributes , i.e., color
homogeneity, and low -level features, i.e., color models. The framework uses RDFS
schema for knowledge representation and employs F-Logic rules to describe how tools
for multi media content analysis should be applied. 2) A semantic framework for
multimedia composition, which is based on reasoning over domain knowledge. This
results in an adaptive and automated multimedia generation process. This approach
aims at enabling systemsthat can automatically annotate multimedia resources and
compose multimedia presentations.

In the approach presented in [Scherp and Boll 200%] the authors tackle the problem of
providing the multimedia content to a wide range of devices. To achieve this goal, they

presented an approach of multi-channel generation of multimedia presentations. They
analyzed the different multimedia presentati on formats and developed an abstract
document model that embeds the central characteristics of multimedia presentation

formats. The abstract model can be translated to a concrete multimedia presentation
format that is accepted by the target device.

mProducer [Teng et al. 2004]is a system for generating personal experience content on
mobile devices which has four components: A Storage Constrained Uploading (SCU)
algorithm, a sensor to detect and remove the blurry frames, a map-based content
management interface, and a key framebased editing tool. The process of authoring
comprises two phases: During the capturing phase data are captured and saved either
on the device or on the server. This phase includes preparing and finding key frames
and filtering blurry frames. During the editing phase the user selects content to be
edited by choosing a point on the map. Then a list of content elements which are
organized based on capturing location is displayed

[Barrenho et al. 2006] presents the authoring tool InAuthoring, that provides a

graphical user interface for creating spatial stories and gaming activities. It is part of
the InStory project, which developed a client-server system enabling the users to
interact with a server by providing their GPS location while exploring a site of e.g.,

cultural, historical, or natural interest. The user receives multimedia content

represented in a structured XML document. InAuthor provides a graphical user

interface that allows a visual approach to activity creation and respective geo-
referencing. The authoring process is performed by dragging and dropping the media

content such as text and images into the workspace and arranging the position of the
media items. Afterwards the content can be connected to related physical geo
locations.

In [Scherp 2008]the author introduces a canonical processes mapped to a general
creation chain for authoring personalized semantically rich multimedia presentations.
The general creation chain is derived from intensive analysis of the approaches and
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systems for authoring, personalizing, and semantically enriching multimedia
presentations conducted by the author.

The general creation chain has four phases: selection of media element, assembling
content, transforming resulting presentation into a multimedia document format, and
presenting the resulted document on the target device. These four phases support eight
canonical processes for media production. The first phase includes the creation of
media assets by means of querying a storage system. The second phase comprises all
the process steps for the composition of the content, including annotation of media
elements with metadata, represented in an abstract representation model. The third
phase covers the packaging and transformation of the abstract representation into a
concrete format needed for publishing the content. The last phase covers delivering
and rendering of the content to the end user. The defined processes were implemented
in the SemanticMM4U framework.

[Rabbath et al. 2010jis an approach to generate photobooksfrom the shared photos on

the social network platforms . The authors propose an approach to automatically detect

media elements, i.e., thephotost hat match a query such as owh
and owhoo i n t hotauseo and thdn intelégéntlyamakge and compose

the detected photos into a printable photobook.

POLI [Fan et al. 2015]represents an interactive multimedia authoring and ret rieval

system using mobile devices. The authoring process is triggered by locating hotspots
on physical objects, e.g., a painted picture in a museum. Once an authoring region has
been spotted, the system administrator can author digital content by using a mobile

authoring application. The end user uses a mobile client application to retrieve the

authored content form a web server by using the same hotspot locating mechanism.

[Yin et al. 2013] presents a system to automatically build snippets in text-overlaid

image styles for browsing social media on mobile devices. The proposed system
extracts text posts from a social media platform, e.g., twitter and a dominant image.

Both the text posts and the image are extracted by means of a modified TextRank
algorithm. The extracted elements are used to compose social snippets following
aesthetic rules and visual perception principles.

SIMPEL [Murthy et al. 2006] presents an authoring environment to comp ose SMIL
multimedia documents. This authoring software addresses issues such as selecting or
working with information elements at sub -document level while retaining the original
context, and describing the integration or packaging of such elements, and making use
of minimal storage during the authoring activity.

[Hong and Kim 2012] presents a multimedia authoring and virtual collaboration
system that produces multimedi a presentations for e-learning content. The authoring
process makes use of SMIL to enable the author (the teacher) to compose multimedia
presentations (lectures) combining video with power point slides.

[Azevedo et al. 2013]presents a semtautomatic multimedia authoring application that
enables inexperienced users to author multimedia presentations by following a
template-based approach.
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RhythmPix [Loui et al. 2005] represents an approach that enables users to manually
enrich image albums with music and style to create easy-to-share presentations. It
encompasses three modules that enable users to collect, combine, ral compose
images, music, and other related content. Created presentations can be viewed with
devices such as VCD, SVCD, and DVD players, as well as on PCs.

2.5 Criteria for detailed analysis of related approaches

In this section, we develop a set of criteria that helps us to come up with an in-
depth analysis of the related approaches presented insection 2.4 above We decided
to follow a process-oriented view on the model for authoring and sharing. The general
processof creating and personalizing multimedia documents as presented in[Scherp
and Boll 2005b]can serve as an appropriate reference model, because it is very generic
and intuitive. This reference process consists of four phases: Phase lis about the
selection of the media assets such as images, text, video and audio for the composition.
Selecting the media content depends on input parameters such as the profile of the
user and the subject of the document. Phase 2 is about the assemblpf the selected
media assets in time, space, and by means of userinteraction elements and its
representation in a coherent, structured, abstract multimedia document. Phase 3 is
about transforming the abstract multimedia document to a concrete multimedia
format. Phase 4 is about presenting the transformed multimedia document which
include s delivery, rendering, and viewing the multimedia document. Figure 2-6
depicts the four phases of the generic multimedia document creation and
personalization process. For more details about the general process of creating and
personalizing multimedia documents we refer the reader to [Scherp 2008]

Select —» Assemble |— Transform |—» Present

Figure 2-6: Generic multimedia content authoring processas presentedin [Scherp
and Boll 2004]

Based on the two types of approaches identified in section 2.4 above these are (i)
approaches dealing with pre -composed multimedia documents, and (ii) approaches
focusing on authoring and sharing of multimedia documents,  we define criteria
enabling us to perform a structured in -depth analysis and comparison between the
approaches and applications previously discussed.

Table 2-12 provides a full summary of the set of criteria. T he first column encodes the
number of the criterion. The second column names the criterion and its indicator: Each
criterion is either mapped to a single phase of the four phases of the reference process
or to the whole process. The letter (C) indicates hat the criterion is related to the whole
process of Composition (S) indicates that the criterion is related to the first phase
Selection (A) indicates that the criterion is related to the second phase Assembly (T)
indicates that the criterion is related to the third phase Transformationand (P) indicates
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that the criterion is related to the last phase Presentation The third column lists the
range of categories used for the evaluation of each criterion. Next to the individual
values we denote the abbreviation of the value as used in the analysis results as shown
in Table 2-13and Table 2-14.

NO.

CRITERION
(INDICATOR)

RANGE OF CATEGORIES USED FOR
EVALUATING A CRITERI ON

Where (C):

Server (S)
Client (C)
Distributed (S-C) (SS) (GC)

How (C):

Manual (M)
Automatic (A)
Semiautomatic (S)

When (C):

Pre-composed (P)
On-the-fly (O)

Context type (C):

Static (S)
Dynamic Simple (DS)
Dynamic Analyzed (D)

Context usage (C):

Composition(C)
Adaptation(A)
Retrieval(R)

Adaptation (C):

Select and replace (S)
Transform(T)

Domain (C):

Domain-specific(D)
Generic (G)

System type (C):

Open system(O)
Closed system(C)

Content types (C):

Text(T), Image(l), Audio(A), Video(V),
Links(L)

10

Selection (S):

Automatic:

- Mathematical/statistical (M)
- Semantic (S)

Manual:

- Search (R)

- Manual selection (L)

11

Sources (S):

Predefined sources (P)
On-the-fly detection of resources (O)
LOD (L)

12

Composition (A):

Template-driven (T)
Free-style/human -guided (F)

13

Annotation (A):

XML, MPEG-7, MPEG-21, Textual, RDF

14

Multimedia document
requirements (A):

Temporal (T)
Spatial (S)
Interaction (1)

15

Document model (T):

Open (O)
Standardized (S)
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CRITERION RANGE OF CATEGORIES USED FOR
(INDICATOR) EVALUATING A CRITERI ON
Proprietary (P)

Platforms dependent (D)
Platforms independent (I)
WLAN -based (W)

PAN -based (B)
Streaming (S)
Download (D)

Web browser (W)
Proprietary app (A):
Flash(F)

Real Player(RP)

MMS Player (MP)
Generic player (GP)

NO.

16 Frameworks & Platforms (C)

17 Networking technology (P):

18 Delivery (P):

19 Presentation (P):

Table 2-12: Criteria for comparing and analyzing the approaches and application s

In the following, for each criterion we introduce the name of the criterion used for
referencing the criterion in subsequent sections and a more detailed description:

Where 0 the components of the computing architecture where the composition of
multimedia content is performed.

This criterion is evaluated by means of three different architectural concepts:

Server (S): the composition of the multimedia document takes place at the server side.
(ii) Client (C): the composition of the multimedia document takes place at the client
side, in particular mobile devices. (iii) Distributed: the composition is distributed
amongst several devices and, hence, may take place eitheon multiple servers (S-S), or
multiple clients (C -C), or on servers and clients (SC).

How 0 the degree of user involvement in the composition process.
This criterion is evaluated by the degree of automation of the composition process:

Manual (M): Manual composition implies that the process steps of selection,
assembling, and transforming the multimedia content are performed manually by the
user. (i) Semiautomatic (S): semrautomatic composition implies that some of the
process stepsare performed automatically, some others are performed manually.
Examples of automatically performed steps are classifying the media content based on
certain criteria, annotating the content, and providing a template or wizard for
completing the process of the composition. Examples for manually performed steps
are the final selection and arrangement of media elements according to temporal,
spatial, and interaction relationships, and finally choosing the final encoding format.
(i) Automatic (A): Automatic multimedia document implies that the application
performs the consecutive steps of the general multimedia composition process
automatically and without interaction with the user.
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When 9 the time the composition process steps take phce.
This criterion is evaluated with respect to the following categorization:

Pre-composed (P): this implies that the composition is performed at a certain point of
time prior to the consumption of the document. The pre -composed documents can be
saved in repositories and retrieved upon the request of the user. However, adaptation
techniques may still be applied before the pre-composed multimedia document is
delivered to a target device. (i) On-the-fly (O): all the composition steps are performed
at the time the user requests the multimedia document for presentation. This allows
for the incorporation of users -specified parameters, user context, andprofile of target
device.

Context type & the kind of contextual information considered during content
composition.

This criterion is evaluated with respect to the following categorization: (i) Static (S):
static contextual information covers pre -specified information about the user (e.g., user
profile) and about devices, e.g., screen size, support for colors, and supported media
types etc. These information elements do not change during the composition process.
(i) Dynamic Simple (DS): Dynamic contextual information covers information
elements changing over time, e.g., GPS based positioning information on the user. (iii)
Dynamic Analyzed (D): advanced contextual information is a result of a further
analysis of the information covered by the previous context types. For example, given
the dynamic contextual information of GPS coordinates, further analysis may
conclude the city, the historical site, or a district in the city to be considered during the
content composition.

Context usage - the purpose contextual infor mation is used for.

Contextual information can be used for different purposes, we distinguish between
three types of usages; hence, this criterion is evaluated with respect to the following
categorization:

Composition (C): contextual information is used in any, one or more phases of the
phases of the authoring process. (ii) Adaptation (A): contextual information can be
used as input for the adaptation of a pre-composed multimedia document. (iii)
Retrieval (R): contextual information can be used to construct a query for retrieving
pre-composed multimedia documents.

Adaptation & the manipulation of the m ultimedia document or the mono -media
elements.

This criterion is evaluated based on the different adaptation techniques we presented
in section 2.4.1.2 above thus, it provides the following categories: Select and Replace
(S): some devices do not providesupport for playing back certain media formats , e.g.,
video codecs. Those not supported media elements can be replaced by selecting
another semantically equivalent alternatives. (ii)) Transform (T): to transform the
multimedia document from one d ocument format to another (e.g., SMIL to HTML5),
or to transform the encoding of one media element from one format to another (e.qg.,
JPEG to GIF)
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Domain 8 the domain of knowledge that the application is optimized for.

This criterion is evaluated with respect to the following categorization: (i) Domain -
specific applications (D): applications that support multimedia composition for a
specific domain of knowledge, i.e., tourism, medical etc. (i) Generic (G): application
and frameworks that support generic authoring of multimedia documents, i.e., those
frameworks do not require that the authored multimedia document should belong to
a specific domain of knowledge.

System type & Closed or Opened systems following the closed and open world
assumption.

In closed-world assumption, a statement that is true is also known to be true,
conversely, a statement that is not known to be true, is false. In openworld
assumption, having a statement that is not known to be true, d oes not imply it is false.
We apply same concepts on this criterion, hence it can be evaluated with respect to the
following categorization:

Closed Systems (C)Closed Systems can only see those media content that are available
in the surrounding environme nt. (ii) Open Systems (O): Open Systems do not regard
the elements that they do not reach as if they do not exist.

Content types dtypes of mono-media elements that the system supports.

This criterion is evaluated by detectin g the types of the mono-media elements that the
compositing application includes/supports in the authoring process. In our analysis,
we consider the following types: (i) text, (ii) image, (iii) audio, (iv) video and (v) links.

Selection d how media elements are retrieved and selected.

This criterion is evaluated by means of the following two techniques for media
selection:

Automatic selection (A): the authoring environment selects the media elements
automatically by either applying Semantic Web technologies (S) or by applying
mathematical and statistical models (M). (i) Manual Selection (M): the authoring

environment enables the author of the multimedia document to select the media

elements either manually (L), or by provid ing search functionality (R).

Sources d sources of media elements used in the composition.

This criterion is evaluated by considering the following sources of media elements: (i)
pre-defined sources (P): the application provides certain media elements that the
author can use to author a new document. (ii)) on the fly detected sources (O):
authoring application detects the media elements on the fly. (iii) Linked O pen Data
(LOD) sources: the application supports retrieving media conte nt from the web, e.g.,
LOD APIs.

Composition 8 template-driven composition or free human -guided style.

This criterion is evaluated by means of two composition techniques: (i) template -
driven composition (T): the authoring appli cation provides a set of templates to the
author; the author can choose one of those templates. Optionally the authoring
environment can guide the author through the authoring steps by means of a
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composition wizard. (ii) Free human -guided style (F): the authoring environment
grants the author full control on the authoring process.

Annotation & metadata schemes used to enrich the composed multimedia document
with additional useful metadata.

This criterion is evaluated in respect with the following annotation schemes: (i)
Standard annotation (S), in this method, standard metadata schemas are used. This
implies that annotating multimedia documents makes use of the standard metadata
schemas, i.e, EXIF, MPEG7 and MPEG-21. (ii) Custom annotation (C), custom
annotation implies that the authoring application uses either structured annotation
tags (e.g., meta tags) or unstructured textual description about the content, i.e., text to
provide addition al information about the multimedia media content.

Multimedia document requirements 0 fulfillment of basic multimedia document
requirements.

This criterion is evaluated by evaluating whether the authored c ontent fulfill the basic
requirements of multimedia documents or not. Basic requirements include (i)
Temporal (T): this requirement is evaluated by detecting the ability of the authoring
application to use either local or global timeline to create temporal relationships
between the media elements. (ii) Spatial (S): this requirement is evaluated by detecting
the ability of the authoring application to use either point based or relative system to
create spatial relationships between the media elements. (iii) Interaction (I): this
requirement evaluates the ability of the authoring application to provide interactional
links. Interactional links in multimedia documents enable the user to interact with the
document to control the advances of viewing the document and other dynamic
elements such as video and audio. We will provide more details about those basic
requirements in chapter 3.1.3 However, for detailed informatio n about this topic, we
refer the reader to [S. Boll et al. 1999]

Document model dthe support of standard/known multimedia document models.

This criterion is evaluated wi th respect to three categories of multimedia document
models: (i) Standard open source models (S): the authoring application makes use of
one of the standard and open source multimedia document models, i.e., SMIL or
HTMLS5 etc.) (i) Proprietary (P): the authoring application makes use of one of the
proprietary multimedia document models, i.e., Flash, PowerPoint. (iii) Open (O): the
authoring application makes use of own document model, that can be represented and
encoded by means of markup languages such & XML.

Frameworks & Platforms & frameworks and platforms used to develop and run the
application.

This criterion is evaluated by means of the following categorization: (i) Platforms
dependent approaches (D): approaches that target a specific mobile framework, e.g.,
Android, 10S etc. (ii) Platforms independent applications (I): approaches that can be
implemented on any mobile framework.
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Networking t echnology o the networking technology that the application uses to
communicate data.

This criterion is evaluated by means of two different computer networking
technologies: (i) Wireless Local Area Networks (WLAN) (W): WLAN uses the internet
protocol (TCP/IP) to int erconnect devices and exchange the data. (ii) Personal Area
Networks (PAN) (P): PAN use both wired technologies such as USB and WrieFire and
wireless technologies such as Bluetooth, IrDA, ZigBee etc. to interconnect devices and
exchange the data.

Delivery o how multimedia document are delivered to the recipient device.

This criterion is evaluated by means of two main media content delivery techniques:
downloading (D): multimedia content consuming device should download the
complete content to be able to display it. (ii) streaming (S): streaming the document
implies that the end consumer can display the document while downloading it.

Presentation d the media player that is used to display the multimedia content.

This criterion is analyzed with respect to the media player that is used to display the
multimedia content. Operating systems determine which media player to use to
display the media content based on the file extension, i.e., based on the format on the
media content. In the context of mobile devices, we consider in our analysis the
following applications and media players (i) web browsers (W): web browsers support
HTML/HTMLS5 natively. Other document formats such Flash can be viewed by
installing ad ditional plugins. (ii) proprietary players (A): proprietary player usually
supports viewing some proprietary document format , e.g., Adobe Flash player. (iii)
MMS players (MP): MMS players are embedded in the pre-installed messaging
application on mobile devices. Since the MMS protocol implements SMIL (see section
2.3.6 abovg, they support a simplified version of SMIL document format, hence, they
are capable to display mobile multimedia messages (MMS). (iv) Generic Players (GP):
generic players support several document formats, e.g., Real player, media player
from Microsoft etc.
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2.6 Analysis of related work

In this section, we provide an in -depth analysis of the related approaches based
on the criteria that we defined in section 2.5. The undertaken analysis is a two levels
analysis; meaning that one level analysis is a macro level analysis and the two-level
analysis is a micro level analysis. The macro level analysis provides a largescale
analysis by examining criteria elements that relate to the process of multimedia
document authoring and sharing indicated by the letter (C) , i.e., criteria 1 to 9. Table
2-13 lists the approaches included in the macro analysis and the results of applying
each criterion from 1 to 9 on those approaches. Themicro level analysis provides an
in-depth analysis by examining criteria elements that relate to each phase of the phases
of the generic process of multimedia content composition indicated by the letters (S),
(A), (T), and (P), i.e., criteria 10 to 19. Table 2-14 lists the approaches included in the
micro analysis level. In both tables the columns represent the criteria, the rows
represent the examined approaches. Forthe analysis, we followed a vertical analysis
approach. Vertical analysis enabled us to (i) provide a crossapplication criterion -
based analysis, and (ii) define patterns in the approaches and applications.

Level 1 (Macro analysis)

1. Where (C): The 0 Wh e rcrgedion influences the overall approach of the
multimedia document authoring. Approaches that target multimedia content
authoring in the Server(S) environment shown less concern about hardware
capabilities and computation power of the server. Hence, those approaches handle
several types of media elements such as image, text, video and audio as iiScherp
and Boll 2005c] and [Barrenho et al. 2006] Server approaches support the
adaptation as in [Dasiopoulou et al. 2007], and more complicated user interaction
and user interfaces. Approaches that target the Mobile Devicg(C) consider to the
limited resource of mobile devices. New generation of mob ile devices offer more
memory and processing power, however the small touch screens remain as
drawback towards advanced and interactive user interfaces, hence applications
consider simple yet intuitive user interface design as seen in [Jokela et al. 2008]
and [Xiao et al. 2010] Distributed composition in its different variations (S -S), (S
C), and (C-C) is not observed among the approaches we presented in sectiorn2.4.
In the distributed composition approach, the tasks of the authoring process can be
distributed over multiple interconnected devices. Each device executes its tasks
and return the results to the device that assigned these tasks.

2. How (C): Theo H o writerion defines three authoring styles, manual(M), automatic
(A), and semtautomatic(S). We have not observed any influence of the previous
criterion 0 Wh e onethas criterion. That is, both Server(S) and Mobile Deviceg(C)
approaches support all authoring styles. Approaches that support semtautomatic
authoring process, e.g., as in[Xiao et al. 2010]and [Scherp 2008]argue that it is not
feasible to have either a manual or an automatic authoring process. Those
approaches argue that a manual authoring process is resources and time
consuming process, meanwhile, anautomaticprocess can be very complicated and
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high quality results cannot be guaranteed. Hence, asemiautomaticprocess bridges
the gap between the other two composition styles. In the initial steps, semi
automaticauthoring process performs initial composition tasks on behalf of the

author, such as the selection of the related media content. In following steps, the
author decides which media elements to include, and the final structure and

layout of the multimedia document.

When (C): The 0 Wh e aritérion defines the point of time the authoring of the
multimedia content takes place. Early approaches and domain specific
applications tended to use the pre.composediocument approach (P), e.g., as in
[Krosche et al. 2004] [Teng et d. 2004} [ D6 Sou z a e Thosa &pproach@s0 5 ]
use different types of context, i.e., Static (S), Dynamic Simple(DS), and Dynamic
Analyzed(D) to adapt and personalize the pre-composed multimedia content. On

the fly (O) composition approaches use both context types (S) and (DS) to produce
multimedia documents tailored to those context inputs about the use r.

Context type (C): Approaches make use of the Static (S) and Dynamic Simple
context (DS) either to select the most relevant content to the user e.g., as in
[Krosche et al. 2004]and [Kenteris et al. 2009] or to make the proper adaptations
to the multimedia content as in [Scherp and Boll 2005a] In Static context (S), the
user provides profileds information, addi t
screend0s si ze ansdppotidd doy theerbsertatidn ylgvieescan be
automatically detected. This type of context data remains static and does not
changeover the time, obviously , unless the user changes her device, however, this
implies that the usage of this type of context can be limited to certain tasks such
as content selection and adaptation as seene.g. in [Kenteris et al. 2009] and
[Hosokawa 2008]. In Dynamic SimplgDS) context, certain information such as GPS
location changes more often. Approaches use (DS) context informaton in
multimedia content retrieval, however unlike (S) context information, this type of
context widen the range of the selection. In Dynamic Analyzed(D) context data,
light weight analysis processes can be executed to deducted context datae.g., by
analyzing sensor data. In the presented approaches, we observed less usage of (D)
context data.

Context usage (C): Generally, context information can be utilized throughout the
phases of the multimedia authoring process as seenin [Scherp and Boll 2005a]
Approaches define what type of context information and how to use this
additional context info rmation in the authoring process. This implies that
depending on the authoring phase, the authoring process specifies which
information to use and how, e.g., in the selection phase, the authoring process
selects the media elements that are technically and/or semantically relevant to
userds profile.

Adaptation : Adaptation is a basic requirement of multimedia content. As we
presented in section 2.4.1.2 Adaptation can be either semantically by means of
substitution or technically by means of transformation. Approaches apply
Semantic AdaptationS) by substituting the individual media content within a
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given multimedia document with same semantically equivalent media content as
in [Scherp and Boll 2005c] Approaches apply Transformation(T) adaptation by
changing the physical features of the media elements, i.e, by changing the size of
an image or changing the format of a video, e.g., as seen in[Xiao et al. 2010]and
[Dasiopoulou et al. 2007].

Domain (C): For this criterion we analyze two types of multimedia document
composition approaches. i) Domain specific approaches (D): approaches that
assume that the author of the multimedia is a specialist in a certain domain of
knowledge, e.g., tourism. The authoring process guides the author throughout the
authoring process, e.g., by means of authoring wizard. This allows the author to
concentrate on selecting the content of authored multimedia document. Hence,
these approaches do not require highly qualified technical users. ii) Generic
approaches (G): approaches that provide a multimedia content authoring
framework and tools. The authoring environment in these approaches offers the
user full control over all the phases of the authoring process. Genericcomposition
approaches and tools usually require highly qualified users.

System type: For this criterion we look at the sources of the media content that the
authoring approach considers. Based on the defined categorieswe concluded that
the approaches we presented insection 2.4 can be considered as closed system.

Content types (C): The Content type criterion can be linked to other criteria such
as Where Document ModelAdaptation and Domain The variety of media content
types indicates how much advanced the authoring process is. However, the
analyzed approaches vary in their support for different ty pes of media content.
Client (C) support s specific types of media elements such as video as seen irfTeng
et al. 2004]or image as seen in[Xiao et al. 2010] Server (S) tends to support a wider
range on multimedia content types, i.e., text, image, audio, and video as seen in,
e.g., [Scherp and Boll 2005c; Barrenho et al. 2006; Dasiopoulou et al. 200. The
Document Modelused by an approach influences the supported media types by
that approach. Approaches that make use of advanced Document Moded such as
SMIL support a wider range of media types. Select and Replace (S)Adaptationis
used by approaches that support continuous media content such as video and
audio, e.g., [Scherp and Boll 2005c] Approaches that support discrete media
content such as image used Transform (T)Adaptation as seen in[Dasiopoulou et
al. 2007; Xiao et al. 2010]Domain-specific (D), e.g., approaches targeting Tourism
and Location Based Services tended to use specific types of media content such as

image andtextasseeninfl Kr ®°sche et al . 20.04,; DO Souza
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Level 2 (micro analysis)

10.

11.

12.

13.

Selection (S): In selection phase, media content is selected following different
selection techniques as defined in this criterion. The selection technique depends
on the degree of user involvement in the composition process, as discussed in
0 h o wrierion. Semiautomatc approaches as in[Xiao et al. 2010] make use of
multiple selection techniques, i.e., in the first selection step, media elements are
selected onthe-fly and grouped based on their technical features, e.g., color
histograms. In the next selection step, the autha selects certain content manually.
Generally, Semiautomaticapproaches provide algorithms to automatically group
and sort the media elements to assist the author to locate and chose the media
elements for the inclusion in the multimedia content. Systems that follow the
manualapproach as in, e.g. [Krosche et al. 2004]and [Jokela et al. 2008] offer the
user the access to media reposibries. Manual selection canbe accomplished either
by browsing the file system or by using keywords search to locate the media
elements.

Sources (S): Media elements such as audio files, video files, and images can be
stored in mul timedia repositories. Approaches such as [Kenteris et al. 2009]and
[Jokela et al. 2008]provide means to the author to access thesepre-defined(P)
sources. The author of the multimedia document can sedect specific media
elements form those sources by means of the selection techniques as presented in
t he cr iStlectod o n AP p r o a c HRakbatts ai al.l201@] target media
elements stored in social area networks. Hence, these approaches supporOn-the-
fly (O) sources. The 0Web of Datad offers a massive amount of multimedia
resources provided by Linked Open D ata (LOD) APIs. Such rich saurces need to
be considered by the multimedia authoring tools and systems.

Composition (A): Domain(D) specific applications such as[Scherp and Boll 2005a]
and [Xiao et al. 2010] presented in the macro analysis level tended to support
Templatedriven (T) composition. In Templatedriven composition, applications
provide tem plates for the multimedia document. The author can select one of the
provided layout templates to be used as a layout for the multimedia document.
This technique allows the author to concentrate on the content of the document
rather than the design. Free mmanguided styl€F) is supported by approaches such
as [Kenteris et al. 2009] and [Dasiopoulou et al. 2007]. Those approaches offer
manual or semiautomatic authoring process. Manual authoring of multimedia
document require highly skilled users, however approaches such as [Jokela et al.
2008] provide an intuitive graphical user interface (GUI) to compensate the
complexity of the manual compaosition.

Annotation (A): Multimedia documents and their included m ono-media elements
can be enriched with additional information. This additional information enable s
the authoring process to perform several tasks such as selection, adaptation and
other tasks. In the approaches we presented in our analysis, we have not deéected
explicit support for annotation or annotation process. In [Scherp 2008] as part of
the assembly(A) phase, the authoring process annotatesthe individual media
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14.

15.

16.

17.

elements by means of RDF statements to enable future reuse of the resources. As
presented in section 2.3.1 above adding annotations by means of RDF scheme
allows other machines to find and interpret the semantics of these media elements.

Multimedia document requirements  (A): This criterion is part of the assemblyA)
phase. To fulfill the basic requirements of multimedia documents, the authoring
process must support temporal (T), spatial (S), and interactional (I) features of
multimedia documents. Approaches that make use of standard multimedia
document models such as SMIL or an abstract document model such as ZYX]S.
Boll and W. Klas 2001]as seen in[Scherp and Boll 2005ajand [Scherp 2008] offer
the user an authoring environment that is capable to fulfill those basic
requirements. Since HTML does not support the temporal model as presented in
section 2.3.5 approaches that use HTML such as [Krésche et al. 2004]support
only the spatial and interactional models.

Document model (T): Approaches such as[Scherp and Boll 2005aJand [Teng et

al. 2004]make use of the StandardizedS) multimedia document models such as

SMIL, or Proprietary(P) models such as Flash or PowerPoint. Those applications
deliver multimedia documents that can be viewed by the available media players.

This implies that the multimedia documents that these approaches produce are

interchangeable, meaning that, users can share and view those multimedia
documents without being forced to install extra softwar e other than the standard

software to playback those documents. Approaches such as[Kenteris et al. 2009]
and [Dasiopoulou et al. 2007] use Open (O) models. Those approaches provide
their own media player that is capable to view the multimedia documents.

Framework s & Platform s : This criterion examines the execution environment
that each approach is optimized for. App roaches such agXiao et al. 2010] [Jokela
et al. 2008]and [Teng et al. 2004]are optimized to run on mobile devices, this
means those approaches are developed for a specific pldorm and device.
[Kenteris et al. 2009]presents an approach to generate a tourist guide by means of
a personalized J2MEapplication customized for a certain user according to her
mobile device specifications. The client side of this approach requires a device that
runs J2ME virtual machine. The approaches that are designed to run on the ®rver
(S), do specify explicitly a platform.

Networking technology (P): This criterion is part of the presentation(P) phase. In
this criterion we examine the networking technology that is used to transfer the
multimedia document form the authoring device to the presentation device. The
examined approaches make use of mobile networks such as[Xiao et al. 2010]
Approaches that support Server(S) side composition as in, e.g., [Dasiopoulou et
al. 2007]and [Scherp and Boll 2005c] rely on WLAN and mobile networks to
deliver the multimedia cont ent.
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18. Delivery (P): This criterion is part of the Presentation(P) phase. Multimedia
documents delivery varies between the examined approaches. Since standard
document models such as SMIL and HTML add native support to media ele ments
streaming, approaches such ase.g. [Scherp and Boll 2005ajand [Teng et al. 2004]
support Streaming(S) implicitly, even if their authoring process supports explicitly
the Downloading (D) method. Approaches that support offline playback of the
authored multimedia documents as seen in, e.g, [Kenteris et al. 2009] and
[Dasiopoulou et al. 2007] rely on the Downloading (D) method.

19. Presentation (P): The document model that is used by the authoring applications
to represent the multimedia document decides the playback medium. Approaches
that use Standardized(S) multimedia document models such as SMIL, or
Proprietary(P) models such as Flash or PowerPoint are not obliged to provide their
own media players. However, applications such as [Kenteris et al. 2009]provided
their own media player that is capable to playback the multimedia documents
produced by this approach.
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2.7 Conclusion

In this chapter we presented the underlying infrastructure and concepts for
mobile computing and multimedia document authoring and sharing. We have
presented mobile networks and personal area networks, mobile operating systems and
platforms, the relevant W3C standards to our approach; and selected examples of the
existing approaches and applications in the domain of multimedia document
authoring and sharing. We developed a set of criteria that helped us to come up with
an in-depth analysis of the related approaches presented insection 2.4. Our analysis
involved two levels of analysis, which enabled us to (i) provid e a crossapplication
criterion -based analysis, and (ii) define patterns used by approaches and applications.
Based on this analysis, we concluded that:

1. There is a clear need for smart authoring and sharing of multimedia content in
personal area networks, this motivates us to introduce a new innovative approach
to smart authoring and sharing of multimedia content in personal area networks
based on wuserds subjects of i nterest. Per
environments for authoring and sharing multimedia content. Hence, this work is
motivated by four aspects:

1 The evolution of smartphones into very powerful devices for handling
multimedia content.

1 The rapid growth of social network communities and as a consequence of
thereof the willingness to share content.

1 The well-established technologies of Semantic Web providing powerful tools
and techniques, and the increasing number of Linked Open Data access points
providing a rich source for enriching the authoring process with additional
content.

1 The networking technologies enabling mobile devices to interconnect and
exchange data.

2. Our appr oach needs to fulfill the following requirements:
1 Enable the users to share multimedia content in personal area network
environment.
1 Analyze the content provided by various users to explore what can be of interest
to a user for the purpose of composing interesting pieces of content.
1 Detect and interrelate information provided by the member devices of personal
area networks.
T Make use of the OWeb of Datad to augment
1 Incorporate the Semantic Web technologies in the authoring and sharing
process.

3. Unlike other presented approaches and applications, this approach for authoring
process i s dr i Subjectobinterest,hwhich gas e irdesred from the
analysis of some initial content that serves as the starting point for the authoring
process
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3.The DCMC Approach

Having presented background information, the related work and technologies,
and the state of the art of the research on multimedia documents authoring and
sharing, we present in this chapter our own approach called Dynamic Cross-Model
Composition of multimedia documents in personal area networks (DCMC  [Abu -
Naim and Klas]). The DCMC approach is motivated by the following four aspects: (i)
the evolution of smartdevi cesd hardware and operating sy
223 (11 ) User 0 socilaetwbré platfgrms taoshareonultimedia content
about their daily life events. This tendency is supported by the related statistics as
shown in Table 2-1. (iii) Well -established methods and technologies of Semantic Web
presented in chapter 2.4.1. And (iv) the increasing establishment of Linked Open Data
(LOD) APIs as depicted in Table 2-9 and Table 2-10.

Insection3.1lwe di scuss the disambiguation &2 the t
we present the derived requirements for multimedia content authoring and sharing in

personal area networks. From the requirements presented in section3.2we design and

present in section 3.3 the enhanced authoring process incorporated in DCMC. In

section 3.4we define and introduce the service-oriented architecture of DCMC.

3.1 Multimedia 101

311 0Mul ti neBi sambi guati on

Nowadays, i n the context of multimedia co
used to describe a pecific type of digital content. Multimedia computing is defined as
the manipulation and presentation of digital contents in a computer system [Little
2003] Muditimedia computing is an application oriented technology that caters to the
multisenary nature of humans and is based on the evolving ability of computers to store,
transmit, and convey diverse types of informafifinittle 2003]. In computer applications

particul ar IMulfimetichdo ¢ emenntoé i s used to identi
container that includes different types of digital content such as video, audio, image

and text. The term oOoOMultimediad consists of
the noun oOomedi adloMmieddh uimd .t Hen plher @i cti onary
adjective has a straight forward meani ng, t
el ements, or memberso. Meanwhil e, the noun o0
relevant definitions in this context ar e : A paiticular form of storage material for
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computer files, such as magnetic tape or discs 6 @A meahs by which something is
communi cated o(fi IARNpPpREENEYO .OT means of doi ng

0The materi al or f oadammpuosseedr ,byoranwrartteirt., To
applicable definition of Multimedia in the context of our work, we examine the four
definitions of o0Medi umo. The definition (i)
tells us that oOMul ti medi edi& thahean besuseshtolstore pl e s
analog or digital data (e.g., magnetic tape, CD, DVD, or flash memory). By examining

the definitions (ii) and (iii), OoOMultimediabd

to communicate analog or digital data to recipients (e.g., TV, Radio, Magazines, or

social media). The definition (iv) leads us to a more acceptable definition of the term

OMul ti mediad i n the compoting xhat is the matedd ar foorme d i a
(e.g. Text, Image or Video) used by an artist or composer (e.g, the content author).

Multimedia materials or content are involved in many fields of application computing

such as Advertising, Education, Tourist Information and many others [Little 2003].
However, as a conclusion about the term 0ML
several fields with a distinctive meaning of the term in each field.

3.1.2 Multimedia documents, models, and presentation formats

In this section we define multimedia documents , models, and presentation
formats. A presentation ready multimedia document should realize the separation
between two logically distinguished parts, the document model and the prese ntation
format. A document model defines the elements and the characteristics of a
multimedia document. It defines as well modeling primitives that cover the aspects of
a multimedia presentation. The presentation format defines how a multimedia
document can be exchanged and rendered for presentation or playback.

Multimedia document model s are data schemes that can be used to construct the
relations between some of the multimedia document constituents. Multimedia
document constituents [Klas and Sheth 1998]include: (i) The media element that can
be either discrete (e.g., Text, Image) or continuous (e.g., Video, Audio)[Heller et al.
2001] [Klas and Sheth 1998] (i) The media descriptions that can be either
characterizing or descriptive. Characterizing describes technical features of media
elements (e.g, media format, size, duration). Descriptive is content-based or semantic
descriptions (e.g., author name, creation date). And (iii) the composition which
encapsulates the temporal and spatial design, the relations between media
components, and the styles and layout for single components. Well-established
existing document models are provided either by the software industry as proprietary
format (e.g., Flash) and the World Wide Web Consortium (W3C) (e.g., SMIL 3.0[W3C
Org. 2014f], HTML5 [W3C Org. 2014b], SVG[W3C Org. 2011) as standards, or by the
scientific community (e.g., ZYX [S. Boll and W. Klas 2001] Madeus [Jourdan et al.]) as
scientific contributions.

Multimedia presentation formats determine the representation of a multimedia

document for exchange and rendering. Presentation formats can be either
standardized such as the World Wide Web Consortium (W3C) standards (e.g., SMIL
[W3C Org. 2014f] and SVG [W3C Org. 2011])), or proprietary format (e.g., Flash).
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However, in both cases, it is dfficult to separate between the document model and the
presentation format, e.g.,Flash format defines implicitly the document model in Flash
documents.

As a conclusion for our approach, a document model should consider multimedia
document authoring capabilities and characteristics. A multimedia document is
considered as an instance of a multimedia document model. A presentation format
should provide a serialization of such a document for the purpose of exchange and
playback.

3.1.3 Basic requirements to multimed ia documents

As presented in the previous section, a multimedia document consists of two
parts, the document model and the presentation format. This means, besides the one
requirement of the separation between the model of the document and its presentation
format as discussed insection 3.1.2 a multimedia document has to realize at least three
other basic requirements. These basic requirements are the temporal model, spatial
model, and interaction possibilities of a multimedia document [S. Boll et al. 1999]
Following we present a brief description of these thr ee features:

Temporal model: A temporal model describes the temporal order between media
elements of a multimedia document [S. Boll et al. 1999]. By means of temporal models,
authors of multimedia documents can determine when a specific media element is
presented within the life cycle of a multimedia presentation. Temporal models describe
temporal dependencies between the media elements of amultimedia document [S.
Boll and W. Klas 2001] For example, media elements contained in a multimedia
document can be presented simultaneously overlap precedeor after another media
element. Available temporal models are (i) Point -based temporal models: point-based
temporal models depend on the time space. Each evat or element in the model is
associated with a time point. The otimeline
Interval -based temporal models: interval-based temporal models depend on Allen
Expressions[Allen 1983]. Each media element isconsidered as time intervals ordered
according to some relation. Allen relation expressions encode relations such as before,
meets, overlap, during and other relations. (iii) Interval expressions -based temporal
model: interval expressions-based temporal model depends on the Interval
Expressions presented in[Keramane and Duda 1997] This model claims to overcome
the drawbacks of the two temporal models presented in (i) and (ii). This temporal
model approach can deal with the unknown interval duration. Interval expressions
encode relations such as seq(a,b), follow(a,b), parbegin(a,b) and other relations. (iv)
Event-based temporal models: In an eventbased model of time, events determine the
temporal course of the presentation. An event is connected to actions and when an
event occurs, e.g., a video reaches a certain point in time, the corresponding actions,
typically start and stop the presentation of other media elements, is carried out [S. Boll
et al.]. (v) Script-based realization of temporal relations: in script-based temporal
models the temporal relation between media elements is realized by providing script
programs written in scripting language to comprise temporal synchronization
operations. [S. Boll and W. Klas 2001][Keramane and Duda 1997]
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Spatial layout : A spatial mod el describes the positioning of the media elements of a
multimedia document in relation to each other. With the aspects of the spatial model,
the author can arrange the elements of the multimedia documents within the X,Y and
Z axes of the presentation. Available spatial models are (ii) absolute positioning: in
absolute positioning there are two possibilities to place the media elements in the
spatial space of the multimedia document: (a) Media elements are placed at an
absolute position with respect to the origin of the coordinate system. (b) Media
elements are placed at a position relative to another media element. (ii) Directional
relations: in directional relations the arrangement of the media elements in the spatial
space is described in relation like north, north -west. To add more granularity relations
like strong-north and week-north were introduced. (iii) Topological relations: in
topological relations; between any two continuous region objects, the following eight
topological relations can be distingu ished: disjoint, meet, overlap, covers, covered-by,
contains, inside, and equal. [S. Boll and W. Klas 2001][S. Boll et al.].

Interaction possibilities : Interaction with the multimedia documents describes how
the user interacts with multimedia presentations in order to choose between different
presentation paths and perform other actions. Interaction models enable the user for
example to select or repeat parts of presentations, speed up a movie presentation, or
change the visual appearance. Available types of interaction are (i) navigational
interaction: in navigational interaction the user is granted the control over the fl ow of
the presentation. It allows the user to select one of the possible presentation paths. (ii)
Scaling interaction and (iii) movie interaction: in scaling interaction and movie
interaction the user is able to manipulate the visible and audible layout of a
presentation. For exampl e, the wuser can ¢ h;
dimension. Navigational and design interactions should be specified within
multimedia documents, whereas movie interactions are expected to be offered by the
presentation engine. [S. Boll and W. Klas 2001][S. Boll et al. 1999]

3.2 The Epics of DCMC

The overall goal of DCMC approach is to achieve an automatic authoring and
sharing of multimedia documents in personal area networks by defining an enhanced
mul ti media content authoring process. Il n th
processo6 to refer to the authoring process o
is capable ta (i) Automatically establish a personal area network to enable data
exchange beween the connected devices. (i) Automatically analyze and exchange the
multimedia content shared by the users. (iii) Compose multimedia documents about
the inferred Subject of Interest(SOI). (iv) Retrieve and use additional data from LOD
sources. (v) Achieve a crossmultimedia document model authoring. In this section we
present our requirements to the authoring process in PAN. We follow the notions of
the Agile Requirements Engineering methodologies to define the functional
requirements of the system.

In Agile Requirements Engineering methodologies; functional requirements are
reflected as User Stories. User Storiesare defined in different layers of abstraction:
Epics, Featuresand Stories [Gunyho and Gutiérrez Plaza 2011] In this work, we use
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the acronym EFUSto represent Epics, Features and User Stories. EFUS are different in
definition, scope and size. An Epic represents the highestlevel expression of a
customer need [Leffingwell 2011]. Thus, it can be understood as an abstract system
feature that encompasses several Eatures (e.g, booking of hotel rooms). A feature
represents a short, descriptive, value delivery and benefit oriented statement
[Leffingwell 2011], e.g. registered users can book rooms, Features can be @rther
decomposed into several User Stories. A User $ory describes functionality that will
be valuable to either a user or purchaser of a system or software [Cohn 2004] It
describes a concrete system function and is typically written in a human readable
language. It captures the "who", "what" and "why" of a requirement in a simple, concise
way [Leffingwell 2011] [Cohn 2004] [Wikipedia 2016b] . User Sory often takes a
standard user-voice form [Leffingwell 2011] or active-voice [Cohn 2004] of the
following:

As a {user role}, | can {activity} so that {business value}

For example, As aregistered userwant to searclun-booked rooms so that | canbooka
room by myself. As a summary, an Epic encompasses several Features, adature can
be decomposed into several User $ories. Figure 3-1 depicts the hierarchical
relationship between Epics, Features, andUser Stories.

Epic 1 D Epic N

Feature 1

Feature N Feature 1 Feature N

us1

us2

3 [

Figure 3-1: The hierarchical relationship between Epics, Features, and User Stories

User stories provide a clear description about the required function and are usually
written by the customer [Leffingwell 2011]. However, User Sories lack technical
details needed by the software developers to correctly interpret and impleme nt the
required function, i.e., in the User Sory given in the previous example, the developer
can implement the search function in at least two different ways. The developer can
let the user search for un-booked rooms by either (i) providing two dates (e. g., check
in and checkout dates), or (ii) by providing a date and the length of her stay (e.g.,
arrival date and number of days). To address this lack of information, acceptance
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criteria [Leffingwell 2011] or acceptancetests [Cohn 2004] can be attached to a User
Sory to provide more detai Is about the required function, e.g. the user must provide
check-in and check-out dates to search for un-booked rooms, date format must be as
follows: yyyy -MM -dd. Such criteria give the developer clear technical requirements to
implement the function correctly and as expected by th e customer. Table 3-1 lists the
examples of Bpics, Features, User $ories, and acceptance criteria.

Epics Features User Stories Acceptance criteria
As a registered user, | The user shall provide
Registered | | want to search for | check-in and check-out

Booking ohotel rooms users can | the un-booked dates to search for un
book hotel | rooms so that | can booked rooms.
rooms book a room by Date format shall be as
myself follows: yyyy -MM -dd.

Table 3-1: Examples of Epic, Feature, User Story, and Acceptance Criteria

Meanwhile, in conventional software development methodologies , e.g., waterfall
methodology, system features and services are defined by means of requirement
statements. Software system requirements are often classified as functional
requirements, non-functional requirements, or domain requirements [Sommerville
2001] Functional requirements define typically the functions of a system and its
components [Sommerville 2001]. Functional requirements are usually supported by
non-functional requirements. Non -functional requ irements specify criteria that can be
used to judge the operation of a system, rather than specific behaviors, i.e, non-
functional requirements impose constraints on the design or implementation (such as
performance requirements, security, or reliability) [Sommerville 2001]. Domain
requirements are derived from and reflect the fundamentals of the application domain.

Domain requirements vary from being new functiona | requirements to the software,
to being constraints on existing functional requirements [Sommerville 2001].

In the course of defining the requirements to DCMC, we define the functional
requirements by means of the presented Agile Requirements Engineering
methodologies, i.e., we make use of EFUS. This enables us to adopt the point of view
of the user and speak her language. This yields a set of requirements that taget
audience with non -technical background. In the meantime, we achieve a reasonable
technical level of specification that enable us to define and design the authoring
process and its subprocesses and the components of the system. We definenon-
functional requirements following the conventional methodologies. As discussed
earlier in this section, many non-functional requirements can be considered as
constraints on the behavior of the system [Sommerville 2001; Cohn 2004; Leffingwell
2011] In contrast, User Sories represent functionality that will be valued by users
[Cohn 2004] Considering these characteristics of User Sories and non-functional
requirements, we opted to follow conventional methodologies to define non-
functional requirements; as non-functional requirements are not directed to the end
users of the system. However, in order not to leave incomplete discussion about non-
functional requirements in agile requirements engineering methodologies, we add
that non-functional requirements are handled in agile requirements engineering
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methodologies as constraints on the system as seen ifCohn 2004; Leffingwell 2011].
However, these approaches recommend to use the useivoice form or the active-voice
to define non-functional requirements only when it adds value. Thus, it makes sense
not to use uservoice form or the active-voice when they do not add any value.

[Leffingwell 2011] .

Since our approach targets multimedia content authoring and sharing in PAN, PAN
establishment and management is part of the authoring and sharing process.
However, networking and personal a rea networks relate to a different discipline of
science rather than the Multimedia Computing. Based on that, we concluded to define
two logically separated groups of EFUS to separate between the networking and the
multimedia computing. In addition to that, by adopting a grouping approach for the
functions of the system we aim at applying the software design concepts of the
separation of concerns (SoC)JParnas 1972] SoC concept refers to the ability to identify,
encapsulate, and manipulate only those parts of software that are relevant to a
particular concept, goal, or purpose [Tarr et al. 2001}

3.2.1 Epics, Features, and User Stories (EFUS)

The Epics of DCMC are derived from the different phases involved in the
enhanced multimedia content authoring process. The authoring process targets
multimedia docu ment authoring and sharing in personal area networks (PAN). PAN
represents the computing environment for the authoring process. Fro m the
characteristics of PAN, the application scenarios we presented in chapter 1.2, and the
overall goals of DCMC, we have concluded two logically separated groups of EFUS
for the authoring process in PAN. Group 1: EFUS for PAN establishment and data
exchange. Group 2. EFUS for the authoring process.

3.2.1.1 EFUS for personal area network

Personal area network establishment precedes the authoring process of
multimedia documents. It provides the data exchange layer to DCMC. Hence, it
should facilitate the connection of the devices with the PAN and data exchange
between those devices. Based on that, we concluded the folbwing one Epic for the
PAN in DCMC:

EPIC - E1: PAN management

Short description: PAN -enabled devices can form and join a PAN and exchange data
to support and facilitate the multimedia content authoring process.

The personal areanetwork profile proposes three PAN scenarios [Bluetooth SIG - PAN
Profile 2016] as presented in chapter 2.2.2.1 (i) Network Access Point: in this PAN
scenario a Bluetooth equipped device acts as a bridge or a router between a PAN and
some other network technology, e.g., GSM. (ii) Group Ad -hoc Network : in this PAN
scenario one Bluetooth equpped device acts as a master which communicate between
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1 and 7 Bluetooth equipped devices operating as slaves. (iii) PAN User: this PAN
scenario realizes a direct peer to peer communication between two Bluetooth-
equipped devices. Based on those three PANscenarios, the scenario presented in (ii)
appears to be the most appealing scenario, hence, we concluded that the DCMC
approach must provide support for the Group Ad -hoc Network scenario. By
considering the selected PAN scenario and by having a deeper lookat the defined Epic
we detected two aspects that we mapped into Features. Following we present and
discuss those two aspects and the resultedFeatures. These two aspects are concerned
with the connection and with the data exchange between devices.

Features:

The first aspect is concerned with PAN formation and management. This yielded the
first feature of the system:

E1F1: A PAN - equipped device can establish a connection with
other devices

To provide media content to the authoring process. DCMC approach must support the
establishment of a PAN to enable PAN-enabled devices to interconnect and exchange
data. PAN can be formed using several wireless technologies as presented irchapter
2.2.2 DCMC approach must support the communication between the interconnected
devices over a virtual serial port. A serial port is a communication interface that
connects two devices e.g., RS232[ARC Electronics 2016] Serial ports transfer one bit
at a time [techterms 2016] A virtual serial port is a software created serial port that
emulates the physical serial port [Bluetooth SIG - SPP Profile 2016] By using serial port
communication, DCMC approach can exchange any type of digital contents.

The second aspect is concerned with data exchange between the interconnected
devices. This yielded the second feature of the system:

E1F2: Interconnected devices can exchange data

During the life cycle of a PAN in DCMC, data exchange takes place in three phases.
These three phases can be labeled as (Before (ii) during, and (iii) afterthe authoring
process of multimedia documents. The beforephase is the phase that precedes the
authoring process. Interconnected devices exchange daa that the authoring process
requires to infer the Subject of Interest. Exchanged data in this phase consistof data
that belong to the level of metadata, i.e., no media resources are yet exchanged. The
during phase is the phase that accompany the authorirg process. Interconnected
devices exchange particular media recourses that the authoring process requires. The
after phase is the phase that follows the completion of the authoring process.
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Interconnected devices exchange the result of the authoring proces, that is the
composed multimedia document.

Now that we have defined and discussed the Features for PAN in DCMC, next we
proceed in decomposing those generated Features to define the User $ories.

User Stories - Feature 1 (E1F1):

E1F1: APAN -equipped dev ice can establish a connection with
other devices.

To enable PAN-equipped devices to form a PAN and communicate efficiently , DCMC
approach must provide support for a standard PAN formation process. A standard
PAN formation process in its very basic form should at least include the following
phases: () Scanning phase: in scanning phase PANequipped devices scan the
surrounding environment to discover other PAN -equipped devices. (ii) Listening
phase: in this phase a PAN-equipped device allocates a virtual communication port to
listen to incoming connections. (iii) Connection phase: this phase follows the scan
phase. Assuming that a PAN-equipped device - called the scanning device - has
successfully discovered another device - called the listening device - in the
surrounding environment, t he scanning device initiates a connection to the listening
device. Once the listening device accepts the incoming connection, a communication
channel is established and both devices can transfer data. Connection phase must
specify how to open, maintain, use, and close the connection. Based on the presented
process, we decomposed E1F1 into six er Sories. Following , we present and discuss
these User Sories:

US1l:. Asauserlwant my PAN - equipped device to scan for
other PAN - equipped devices so that they can connect to
each other

US1 conforms to the first phase of the PAN formation process we presented earlier in
this section. A PAN -equipped device must be able to scan the surrounding sphere to
discover other PAN -equipped devices. Once the scanning device has discovered other
devices, the scanning device initiates connections to the discovered devces. These
discovered devices either accept or reject the incoming connectiors based on their role
in the PAN. Only devices with master role are allowed to accept incoming connections.
This implies that devices with slave role must reject incoming connecti ons.
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US2: Asauser|want my PAN - equipped device to set a
listener for incoming conn ections so that other PAN -
equi pped devices can connect to it

As concluded earlier in this section, the architectural model of PAN in DCMC
approach must support the Group Ad-hoc Network scenario, that is the master-slave
model. DCMC approach must define rules for PAN establishment and management
to support this kind of architectural models. This implies that these PAN rules must
define (i) a mechanism to designate the maser role to a device among other devices.
(i) a mechanism for the master device to set a listener to listen to incoming
connections. (iii) a mechanism to establish and maintain connection channels between
the master and the slave devices. Master role requres that a master device (i) must
provide a way for other devices to connect to it, and (i) manages and maintain the
communication with the slave devices. This implies that once a device is granted the
master role, it must set a listener to listen to the incoming connections. The master
device must keep the listener available for other devices so they can initiate a
connection.

US3: Asauser|want my PAN - equipped device to initiate or
acc ept the connections so that it can form or join a PAN

To enable aPAN -equipped device to move from the Scanphase to theConnectiorphase
as defined by the PAN formation process. On the one hand the scanning device must
initiate a connection. On the other hand, the listening device must accept the incoming
connection. Once both devices have established a connection, this implies that a PAN
has been established or joined. Both devices must set a socket for that connection and
use it to transfer data.

US4: As auser | want my PAN - equipped device to maintain the
connection s so that my devices remain connected with the
PAN

As discussed in US2 the master role requires that the master device must provide
mechanisms to manage and maintain the communication with the slave devices.
Connection management and maintenance mechanismsmust define: (i) Sates for the
connection, e.g., is connecting, connected, or disconnected. The states of the connection
influence the behavior of the master device. (ii) Keep-alive signals to monitor the
connection, e.g. heartbeat messages evey one second. To lose the keepalive signals
indicates that the connection between devices has been terminated. And (iii) a
mechanism to re-establish a lost connection.
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US5: Asause rlwantmyPAN - equipped device to use the
established connections so that data c an be exchanged
with other devices

In the connection phase the connected devices must use the connection channslto

transfer the data. The data is transferred via a network socket that the connected
devices have set after establishing the connection. DCMC approach must provide

protocols for the exchange of data via a connection channel. The exchanged data
include the multimedia resources and the system messages. We will discuss the data
exchange in more details in the next section along with the discussion about feature
E1F2

US6: As auser | want my PAN - equipped device to close a
connection so that my device can leave the PAN

PAN formation in DCMC is spontaneous and PAN is characterized by being short-

term living networks. This implies that the master device must define how to behave

once a connected device closes the connection.e., leaves the PAN. DCMC approach

must specify a clean process for closing the PAN connection. This connection closing
process must ensure that the connection socket is close, the system resources are
released, and the system does not attempt to reestablish the closed connection.

User Stories - Feature 2 (E1F2):

E1F2: Interconnected devices can exchange data

The authoring process requires three types of data that theinterconnected devices shall
exchange. These are device information, the media resources and their associated meta
data, and the system messages that can be exchanged via a request/response model.
Further we have decomposed this feature into three User Sories. Following, we
present and discuss these Wer Stories.

US7: Asa userlwantmyPA N- equipped device to access device
information so that it can be shared with other devices

DCMC needs to identify the capabilities of the interconnected devicestoused evi ce 0 s
informatio n in the authoring process. PAN -equipped devices can be collated to several
types and classes of devices (e.gsmartphones, laptops, TVs, wearables, audio devices,
etc.). Only by providing the correct information about interconnected de vices, the
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authoring process can decide on a suitable role for the device and assign suitable tasks
to it. Device profile provide s information about the type or the class of the device,
screen size of the device if the device is a display device, and aboutavailability of
internet connection. The type of device allows the authoring process to decide the most
appropriate role that can be assigned to the device during the life cycle of the authoring
process. In addition to that, it allows as well the authoring process to assign the
suitable authoring task or tasks to an interconnected device. Screen size influence the
dimensions of the final presentation. Availability of internet connection allows the
authoring process to assign to an interconnected device tasls that involves retrieving
additional media contents and collecting data from the web.

US8: As auser|want my PAN - equipped device to exchange data
with other devices so that my PAN - equipped device can
access media content provided by other interconnect ed
devices

Exchange of media content and their associated metadata that reside on the devices
forming the PAN characterize the DCMC approach. The authoring process in its initial
phases needs to access the metadata associated with the media content Metadata
stem either from the annotations associated with the media elements or can be
generated by the authoring process. Metadata allow the authoring process to
determine whether to include a certain media element in the final multimedia
document or not. Selected media elements can be fetched later in an advanced phase
of the phases of the authoring process. Since the selected media elements can possibly
be scattered on multiple PAN interconnected devices, DCMC needs to have access on
these resources to complée the authoring process. This can be achieved only when
DCMC enables the interconnected devices to exchange data.

US9: As auser | wantthe interconnected devices to exchange
messages so that they can guide the authoring process

The DCMC approach must provide a messaging protocol to enable efficient
communication between the interconnected devices. This messaging protocol shall
define different types of messages to enablean optimized and coordinated authoring
process. The messaging protocol shall definethe dialect of communication between
the interconnected devices. This dialect of communication allows the interconnected
devices to interpret the contents of the message and behave accordingly. For example,
a message can be(i) A task that the receiving device must accomplish. (ii) A request
to provide some specific media elements. Or (iii) A response form the device to an
already received message. The exchanged messages shall influence the behavior and
guide the authoring process throughout its life cycle.
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Table 3-2 lists the EFUSfor the PAN .

Epics Features

User Stories

E1F1: A PAN-equipped
device can establish a
connection with other

devices

EPIC 1: PAN
management

US1: As a user | want my PAN-equipped device to
scan for other PAN-equipped devices so that they
can connect to each other

US2: As a user | want my PAN-equipped device to
set a listener for incoming connections so that other
PAN -equipped devices can connect to it

US3: As a user | want my PAN-equipped device to
initiate or accept the connections so thatit can form
or join a PAN

US4: As a user | want my PAN-equipped device to
maintain the connections so that my devices remain
connected with the PAN

US5: As a user | want my PAN-equipped device to
use the established connections so that data can be
exchanged with other devices

US6: As a user | want my PAN-equipped device to
close a connection so that mydevice can leave the
PAN

E1F2: Interconnected
devices can exchange data

US7: As a User | want my PAN-equipped device to
access device information so that it can be shared
with other devices

US8: As a user | want my PAN-equipped device to
exchange datawith other devices so that my PAN -
equipped devices can access media content provided
by other interconnected devices

US9: As a user | w the interconnected devices to
exchange messages so that they can guide the
authoring process

Table 3-2: EFUSO personal area network

3.2.1.2 EFUSfor multimedia authoring process

In the previous section we introduced and discussed the EFUS for forming PAN
and data exchange between theinterconnected devices. In this section we introduce
and examine the EFUS for multimedia content authoring process. To define the
requirements of the authoring process, we follow the same approach as used to define
the EFUS for PAN. In chapter 1.1 we have presented and discussed the four
constituents of this work: (i) the evolution of smart devices hardware and operating
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systems. (i)Us er s & t e n dseaatngtwdrke and o share multimedia content
and daily life events. (iii) The well-established methods and technologies of the
Semantic Web and its applications, e.g., the Linked Open Data (LOD) APIs. And (iv)
the networking techn ologies. Motivated by these four aspects we defined the ultimate
goal of DCMC, that is an automatic analysis of multimedia contents, and authoring
and sharing of multimedia content driven by the detected Subject of Interest in
personal area networks. The ultimate goal of DCMC supported by the four motivating
aspects and represented by the automatic authoring processhelped us to define the
application scenarios presented in chapter 1.2 The deep analysis of the application
scenarios induced three main aspects that guide the definition of EFUS in group 2: (i)
what I st Sulgect wfs Iatergsts(SOI); (i) how coherent can multimedia
documents be authored automatically in PAN; (iii) how to share and present the
results of the authoring process. The derived three Epics are: (E2) Subject of Interest
inference, (E3) Multimedia document authoring, and (E4) Multimedia document
presentation.

In the following section, we discuss the Epics and define the Features and User $ries
for the authoring process.

EPIC - EZ2: Subject of Interest inference

Short description: The authoring process analyzes the shared multimedia contents,
represents the resilts by means of Semantic Webstandards, and shares the results to
enable for the inference of the Subject of Interest

The Semantic Web standards define technologies on how knowledge can be
represented, e.g, RDF [W3C Org. 2014d] and detected by means of querying the data,
e.g., SPARQL[W3C Org. 2016c]or reasoning over data through inferencing rules. This
implies that DCMC approach can make use of the available W3C standards of
Semantic Web[W3C Org. 2016b]to enable the inference of the Subject of Interest By
having a deeper look at Epic2 we detected two aspects that we mapped into Features.
The first aspect is concernedwith the ability of the authoring process to access and
share the multimedia content. The second aspect is concerned with the ability of the
authoring process to perform the required analysis on the multimedia content. Only
by supporting these two aspects DCMC approach can achieve the inference of the
Subiject of Interest

Features:

The first aspect is concerned with accessing and sharing multimedia content. This
yielded the following feature:
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E2F1: Interconnected devices share information about
multimedia content

To provide multimedia content to the authoring process. DCMC approach must have
a permission to access the multimedia resources that the user is willing to share. Once
DCMC approach has located these multimedia resources, it can analyze these
mult imedia resources and use the result of the analysis in the authoring process.

The second aspect is concerned with theanalysis of multimedia content . This yielded
the following feature:

E2F2: Analyze the multimedia content

The results of the analysis process provide the required input to the authoring process
to enable the inferencing of the Subject of Interest The analysis process takes place in
two separate phases. These two phases can be labeled as (Qcaland (ii) globalanalysis
of multimedia res ources. The local phase is the phase that precedes the authoring
process. DCMC runs the analysis process on the local multimedia resources. Local
multimedia resources are the resources that the user is willing to share and exist on
her mobile device. The result of the analysis must be persisted and used in theglobal
phase. The global phase is the phase that accompany the authoring process.
Interconnected devices exchange the results of the local analysis. DCMC combines the
results of the local analysis provided by the interconnected devices. By combining the
local results DCMC can run global analysis on the combined results. Global analysis
does not include the multimedia resources but rather their metadata and captured
features. This global analysis yields in what we define as the Subject of Interest (see
section 3.3.1).

Now that we have defined and discussed the Features for E2, next we proceed in
decomposing those generated Features to define the User fries.

User Stories - Feature 1 (E2F1):

E2F1: Interconnected Devices share information about
multimedia content

DCMC approach must have access to the multimedia resources. The user can
determine the resources she wants to share. DCMC approach must specify how to
locate and access these multimedia resources. Based on that, we detected two aspects
for this feature. These two aspects are concerned with (i) proposing multimedia
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resources to be shared.And (ii) locating and accessing those multimedia resources.
These two aspects yielded the following two User S tories:

US10: As a user | want to determine the multimedia resources
that | want to share so that | have privacy control over
the shared resource S

DCMC approach must allow the user to determine which resources the user wants to

share. This implies that DCMC approach must provide means to the user to locate,

choose, or flag these multimedia resources as shared resources. Multimedia resources

can beflagged as shared resources by either adding them to a shared folder or by

changing their access properties e.g, s e t the system property oIl
DCMC approach is then able to recognize the shared multimedia resources and use

them as input data in the analysis process.

US11: As a user | want the authoring process to have access on
the shared media resources on my device so that content
of these media resources can be analyzed and shared

To enable DCMC approach to analyze the multimedia resourc es, the analysis process
must be able to locate and access the multimedia resources serving as potential sources
for the composition. The analysis process must access only the shared resources.
Shared resources can be recognized when they either exist inthie shared folder or when
they are flagged as shared.

User Stories 6 Feature 2 (E2F2):

E2F2: Analyze the multimedia content

In the course of defining this system feature, we have introduced two scopes for the
analysis of multimedia resources, a localscope and aglobalone. Thelocalmultimedia
resources analysis focuses on analyzing the individual media elements. The analysis
process must support two types of analysis. High-level semantic analysis and low-
level feature analysis. High-level semantic analysis targets the information about a
media element represented by means of metadata, the context of the media element,
and spatial, temporal, and interactional features of that media element. Low-level
feature analysis aims at exploring hidden informati on about a media element that adds
value to the authoring process. The globalanalysis focuses on analyzing the results of
the local analysis. This implies that the results of the local analysis provided by the
interconnected devices represent the input for the global analysis process. Global
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analysis aims at exploring one or more common Subjects of Interest The Subject of
Interest can be inferred by means of Semantic Web technologies. Based on this
discussion about this system feature, we decomposed it tothe following User Stories:

US12: As a user | want the authoring process to perform high -
level semantic analysis on my contents so that only
relevant media elements can be included in the multimedia
document

The analysis process in DCMC approach must consder several aspects to achieve a
complete analysis process that supports the concepts of the multimedia documents
authoring in DCMC. The analysis process must capture the semantics related to the
source document, and the individual media elements included in these documents.
These semantics include the metadata that annotate the source document and its
individual media elements, and the composition semantics of the individual media
elements. The composition semantics are the attributes that define the tempral,
spatial, and interactional characteristics of the individual media elements.

US13: As a user | want the a uthoring process to perform low -
level feature analysis on my content so that a variety of
implicit features of the media elements are detected

To detect the hidden features of the individual media elements, the analysis process
must perform a low -level feature analysis to capture additional information about the
individual media elements , e.g., color histograms. The results of the low -level feature
analysis must be storedwith and linked to the analyzed media element.

US14: As a user | want the authoring process to represent the
result of the analysis by means of Semantic Web
technologies so that the results can be easily processed

DCMC approach aim s at using the well-defined standards of W3C Semantic Weh This
implies that DCMC approach must encode the results of the analysis by means of
Semantic Web standards, e.g., RDF [W3C Org. 2014e]to be able to process these
semantics. Using those standards allows DCMC to reason over data by means of logie
basdl dialects to infer the shared Subject of Interest

US15: As a user | want the authoring p rocess to share the
result of the analysis so that SOl can be detected
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The results of the local analysis performed by an individual device must be made
available for the analysis processat the global level, i.e., the globalanalysis process
performed by t he interconnected devices to define one or more Subjects of Interest.
The pieces oflocal analysis results must be combined into one data repository. The
globalanalysis process appliesa set of rules to reason over the data. The reasoning
process aims at exploring new relationships, i.e., the Subject of Interest

Now that we have covered E2, we present E3, its Features, and User Stories. E3 handles
the authoring process.

EPIC - E3: Multi  media document authoring

Short description: The authoring process selects media resources, retrieve relevant
media elements from web resources, and arranges these resources in a logical order
into a multimedia document.

The authoring process of multimedia documents consists of selecting the media
elements and organizing them in spatial, temporal, and interactional relationships.
The selection phase in the authoring process in DCMC approach defines two steps: (i)
selecting media elements from the media resaurces provided by the interconnected
devices. (i) retrieving new media elements from external sources, e.g., LOD servers.
Organizing the selected media elements in spatial, temporal, and interactional
relationships in DCMC follows two approaches, that are (i) template-based approach
and (ii) free-style composition approach. Template-based approach implies that the
authoring process selects one of the multimedia document templates that best suites
the selected malia elements. Freestyle approach implies the authoring process
organizes the selected media elements in the multimedia document considering their
original spatial, temporal, and interactional features detected from the source
multimedia document. Based on the discussion about E3 we detected two aspects that
we mapped into Features. The first aspect is concerned with (i) Selecting the relevant
media elements among the available media resources. And (ii) retrieving additional
relevant media resources making use of LOD APIs. The second aspect is concared
with the ability of the authoring process to arrange the selected media elements into
coherent multimedia document.

Features:

The first aspect is concerned with selecting the relevant media elements among the
available media resources. This yielded the following Features:

E3F1: Use of available resources to select media elements
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The selection process provides media elements to the authoring process. The selection
process must select only those media elementgelevant to the Subject of Interest This
means that the selection process must providevarious selection techniques to enable
selecting the most relevant media elements. The available media resources are the
media resources provided by the interconnected devices and the media elements
provided by LOD servers. Retrieving additional relevant media elementsto the Subject
of Interest from external resources, e.g, LOD servers characterize the DCMC
approach. The Semantic Webtechnologies present standards for the Linked D ata
[W3C Org. 2016a] Linked Data standards define how the relationships between
various data can be created e.g, RDF [W3C Org. 2014e] and how the hidden
information in those relationships between the pieces of data can be uncovered, e.g.,
SPARQL [W3C Org. 2016c} By adding support to make use ofLinked Data standards,
DCMC approach can enrich the authoring process with additional data. Once the
selection process has selected the relevain media elements, the selected media
elements can befurther used in the authoring process.

The second aspect is concerned with the ability of the authoring process to arrange the
selected media elements into a coherent multimedia document. This yielded th e
following feature:

E3F2: Organize the selected media elements in to a coherent
multimedia document

In order to make use of the selected media elements these selected media elements
must be organized into a coherent multimedia document. As presented in sedion 3.1.2

a multimedia document consists of two parts, the document model and the
presentation format. This feature in DCMC targets the model of the document. DCMC
makes use of ZYX model[S. Boll and W. Klas 2@M1] to provide an abstract document
model for the authoring process. By using an abstract document model, the authoring
process preserves the presentation format neutrality of DCMC.

Now that we have defined and discussed the Features for E3, next we proceed in
decomposing those generatedFeatures to define the User Stories.

User Stories - Feature 1 (E3F1):

E3F1: Use of available resources to select media elements

DCMC provides two resources for selecting media elements. Media elements provided
by the interconnected devices, and media elements provided by LOD servers. The
authoring process must collect the media elements provided by the interconnected
devices in one media repository. In DCMC this media repository is called the media
pool. This media pool does not contain the real media elements, but rather it contains
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references to the media elements and all the extracted information about those
elements. Additional media elements that are considered to be relevant to the Subject
of Interest can be retrieved form LOD servers. This implies that DCMC must provide
support for the standards of Linked Data [W3C Org. 2016a]provided by the Semantic
Web standards [W3C Org. 2016b]. Retrieved media elements from LOD servers must
be properly added to the media pool. Based on this analysis we decomposed E3F1 into
the following three User Stories:

US16: As a user | want the authoring process to collect the
media elements provided by the interconnected devices in
a single media pool so that the authoring process is
enabled to apply an efficient selection process

As presented earlier in this chapter, Group Ad -hoc PAN encompasss?2 to 8 devices.
This means that the media elements which are available to the authoring process are
scattered over the interconnected devices. To enable an efficient selection process
DCMC approach must provide means to deal centrally with the available media
elements. This implies that DCMC approach must provide a central repository to
collect these media elements and treir metadata. The central repository perceives the
required information by the authoring process about the available media elements.

US17: As a user | want the authoring process to select media
elements using rule - based methods and Semantic Web
technologie s so that only media resources relevant to a
given SOl are selected

The information about the media elements must be encoded and presented by means
of Semantic Web technologies, e.g., in RDF datasets. Using RDF to represent the
information about media elem ents provided by the interconnected devices enables to

apply the reasoning techniques provided by the Semantic Web technologies to
discover the hidden relationships between those media elements. The media elements
vary in their relevance to the Subject ofInterest. This implies that the selection process
must choose only those resources that fall within a certain threshold. This threshold is

determined by the relevance of the media element to a Subject of Interest

US18: As a user | want the authoring proce Ss to access the
Linked Open Data APIs so that the authored multimedia
document is enriched with additional data

DCMC approach aims at making use of the resources provided by the web. Linked
Open Data servers provide information about a massive variety of resources. The
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added value of these materials can be realized only when they are discovered,
consumed and linked to other resources. This implies that the DCMC approach must
provide means to communicate with LOD servers to discover additional information

or media elements about the Subject of Interest This enables the authoring process to
enrich the authored multimedia document with additional resources. In the case

where the Subject of Interesttakes the form of terms,e.g,0 c o f f e e fetc.therdia z z 6
a high probability that those terms lead to ambiguous Subject of Interest This implies

that the authoring process must define rules to disambiguate these terms.

User Stories - Feature 2 (E3F2):

E3F2: Organize the selected media elements in to a coherent
multimedia document

DCMC approach aims at composing a nSubecti medi a
of Interest. Multimedia document composition can be described as organizing the
selected media elements irto spatial, temporal, and interactional relationsh ips. The
selection process provides the media elements linked to the Subject of Interest Those
selected media elements must be presented in a meaningful way to the user. This
implies that DCMC approach must provide means to organize the selected media
elements in a logically correct order. Based on that, on the one hand the authoring
process must fulfill the basic requirements of multimedia documents presented in
section 3.1.3 On the other hand, the authoring process must preserve the meanings of
and the relationships between the selected media elements. The authoring process
makes use of the detected composition features of the selected elements. These features
encode the attributes of the temporal, spatial, and interactional relationships of the
media elements in their original multimedia document. However, DCMC approach
must provide a fallback solution in case those provided features were insufficient to
conclude the structure of the multimedia document under composition. Based on this
analysis of the second feature we decomposed it irto two U ser Stories as follows:

US19: As a user | want the authoring process to arrange the
media elements in a coherent multimedia document so that
well - recognized, basic requirements given by the target
document model are fulfilled

Multimedia documents are characterized by their ability to present the temporal,

spatial, and interactional relationships between the individual media el ements. Media
elements can be of any type of digital contents, e.g., Test, Image, Video, etc. DCMC
approach must preserve these basic characteristics of multimedia documents. This
implies that the authored multimedia documents must fulfill the basic requir ements
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of the multimedia documents. We refer the reader to section 3.1.3 for additional
discussion about these basic requirements.

US20: As a user | want the authoring process to all ow
template - driven and free - style - driven authoring so that
the system produces meaningful multimedia presentations

The Analysis process as discussed IinE2 captures the high-level semantics as well as
the low-level features of the individual media elements. The high -level semantic
features of the media element provide information to the authoring process about the
composition features of the media element. These composition features encode
information about the media element such as its dimensions, its spatial position in
relation to other media elements or in the source multimedia document , etc. DCMC
approach aims at an automatic authoring process of multimedia documents. This
implies that the authoring process must make use of these composition features to
organize the media elements in a logically correct position. In the cases where the
detected composition features lack the required information by the authoring process
to determine the position of the media element, DCMC approach must provide a
fallback solution. This fallback solution is represented by enabling the authoring
process to use either a freestyle composition or a template -based composition. The
free-style composition of multimedia documents implies that the authoring p rocess
constructs a new multimedia document. The authoring process detects the positions
of the selected media elements form the captured composition features. Based on these
detected composition features the authoring process determines the positions of the
selected media elements in the new multimedia document. Template-based
composition implies that the authoring process selects and applies a pre-composed
multimedia document template on the selected media elements. The templates dictate
the positions of the selected media elements in the composed multimedia document.

The last Epic (E4) handles the presentation of the multimedia document, in the
following we present E4, its Features, and User Stories.

EPIC - E4: Multimedia document presentation

Short description: DCMC shares the results of the authoring process with the
interconnected devices to be presented to the user.

Presenting the authored multimedia document is the final phase of the lifecycle of the
authoring process. Only by sharing and presenting the outcome of the authoring
process, DCMC can demonstrate the added value of all the work performed in the
preceding phases. The presentation phase encompasses multiple steps. As discussed
earlier in this chapter, DCMC separates between the model of the document and the
presentation format. In the sharing step the composed multimedia content represented
by an abstract document model, e.g., ZYX model [S. Boll and W. Klas 2001] must be
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communicated to the interconnected devices. The sharing step is followed by
transformation step. Based on the capabilities of each interconnected device, each
device in the transformation step converts the received multimedia document model
to a presentation format that it supports. The transformation step results in a
presentation ready multimedia document. In the last step, the presentation step, the
user is notified about the new authored multimedia document and can view it. Based
on the presented steps, we detected two aspects that we mapped intoFeatures.

Features:

The first aspect is concerned with sharing the results of the authoring process. This
yielded the following feature:

E4F1: Share the authored multimedia document

Sharing the results of the authoring process paves the way for presenting the new
multimedia document to the user. By sharing the results of the authoring p rocess, the
interconnected devices can proceed in preparing the authored multimedia content to
be presented. This preparation step encompasses the collection of the individual media
elements that the authoring process has chosen to be included in the multimedia
document. Once the authoring process has collected these media elements, the
transformation step can be triggered.

The second aspect is concerned with the ability of the authoring process to transform
the model of the composed multimedia document to the correct presentation format,
and to notify the user about the new multimedia document. This yielded the following
feature:

E4F2: Transform and present the multimedia document

Reaching the presentation phase implies that the authoring processmust perform one
last step before the authored multimedia document can be rendered and presented,
and the user is notified about the new content. In this last step, the authored
multimedia document is transformed to a concrete presentation format. The

individual med ia elements must be transformed and adapted to conform with the

capabilities of the presentation device. As discussed earlier in this section, the
authoring process represents the authored multimedia document by means of an
abstract document model. Thus, DCMC approach must support the transformation of

the abstract multimedia document model to a concrete presentation format.
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Now that we have defined and discussed the Features for E4, next we proceed in
decomposing those generated Features to define the Usr Sories.

User Stories - Feature 1 (E4F1):

E4F1: Share the authored multimedia document

DCMC approach must define how the results of the authoring process can be shared.

When presenting the communication protocols between the interconnected devices
(see section 3.2.1.), we discussed the types of the data messages that the

interconnected devices canexchange.When sharing the results of authoring process,

the interconnected devices must recognize that the received data represent the result
of the authoring process. Consequently, since the individual media elements are

distributed over multiple devices, the interconnected devi ces must be able to collect
those media elements to be rendered with the final multimedia presentation. Basedon

that, we concluded the following User Stories:

US21: As a user | want the authoring process to share the
authored multimedia document so that | can play it back

DCMC approach must specify how the results of the authoring process can be shared.
This implies that the messaging system we defined earlier in this chapter must provide
mechanisms on how to communicate the results of the authoring process and the
selected media elements between the interconnected devices.

US22: As a user | want the authoring process to collect the
individual media elements so that these media elements
can be rendered in the final multimedia presentation

As discussed earlier in this chapter (see section 3.2.1.9 DCMC approach collects
references to the media elements in the media pool. The authoring process uses thes
references in the composition phase. This implies that at some point the authoring
process must collect these media elements to enable rendering themduring the
presentation. DCMC approach must define mechanisms with in the messaging
protocol on how to collect these media elements from the interconnected devices.
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User Stories - Feature 2 (E4F2):

E4F2: Transform and Present the multimedia document

In order to be able to present the authored multimedia document to the user, the
authored document represented by an abstract document model must be transformed
to a concrete presentation format, e.g., SMIL [W3C Org. 2014f] or HTML5 [W3C Org.
2014b] This implies that DCMC approach must provide means to transform (i) the
individual media elements, and (ii) the multimedia model to a presentation format
that the playback device supports. The presentation of the new multimedia document
requires user interaction. That is, the user canat least choose when to view the new
multimedia document. This implies the DCMC approach must specify how to notify
the user about the new multimed ia document being available for playback. Based on
that, we decomposed this feature into the following U ser Stories:

US23: As a user | want the authoring process to adapt the
media elements so that they conform to the capabilities
of my device

The individual media elements of different types such as images, videos, or audios can
have different formats, e.g, an image can be formatted as JPG or PNGetc. These
media elements can have as well different quality features such as size and resolution.
DCMC approach must provide mechanisms to
features to conform with capabilities of the presentation device.

US24: As a user | want to transform the multimedia document to
a device - specific presentation so that it can be played
back on the device

Group Ad -hoc PAN can be formed by different types of mobile devices. Mobile
devices have different presentation capabilities, i.e., different audio and video
decoders, different screen sizes and resolutions, and different output hardware (e.g. a
screen or a speakey. DCMC approach must consider
capabilities and grant the presentation device the freedom to playback to multimedia
document according to the capabilities of the presentation device.

US25: Asa user | want the authoring process to notify me
about an available multimedia presentation so that | am
aware of it
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DCMC approach aims at automatic multimedia document authoring and sharing. The
automatic authoring process does not require any user interaction. However, the
presentation of the authored multimedia document does. It implies that DCMC
approach must specify a notification system. Once the authoring process has
completed the authoring of a new multimedia document, the user must be notified.
The user can playback the document at any chosen time.

Table 3-3 summarizes the EFUSfor the multimedia authoring process:

Epics Features

User Stories

E2F1: Interconnected
devices share information
about multimedia content

US10: As a user | want to determine the
multimedia resources that | want to share so that |
have privacy control over the shared resources

US11:As a user | want the authoring process to
have access on the shared media resources on my
device so that content of these media resources can
be analyzed and shared

E2: Subject of
Interest
inference

E2F2: Analyze the
multimedia content

US12: As a user | want the authoring process to
perform high -level semantic analysis on my
contents so that only relevant media elements can
be included in the multimedia document

US13: As a user | want the authoring process to
perform low -level feature analysis on my content
so that a variety of implicit features of the media
elements are detected

US14: As a user | want the authoring process to
represent the result of the analysis by means of
Semantic Web technologies so that the results can
be easily processed

US15: As a user | want the authoring process to
share the result of the analysis so that SOI can be
detected

E3: Multimedia E3F1: Use of available
document resources to select media
authoring elements

US16: As a user | want the authoring process to
collect the media elements provided by the
interconnected devices in a single media pool so
that the authoring process is enabled to maintain
an efficient selection process

US17: As a user | want the authoring process to
select mediaelements using rule-based methods
and Semantic Web technologies so that only media
resources relevant to a given SOI are selected

US18: As a user | want the authoring process to
access the Linked Open Data APIs so that the
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authored multimedia document is enriched with
additional data

US19: As a user | want the authoring process to
arrange the media elements in a coherent
multimedia document so that well -recognized,
E3F2: Organize the basic requirements given by the target document
selected media elements | model are fulfilled
into a coherent multimedia
document US20: as a user | want the authoring process to
allow template -driven and free -style-driven
authoring so that the system produces meaningful
multimedia presentations

US21: As a user | want the authoring process to
share the authored multimedia document so that |
can play it back

E4F1: Share the authored

multimedia document US22: As a user | want the authoring process to
collect the individual media elements so that these
media elements can be rendered in the final
multimedia presentation

E4: Mulimedia US23: As a user | want the authoring process to
document .
. adapt the media elements so that they conform to
presentation . .
the capabilities of my device
E4F2:Transform and US24: As a user | want to transform the multimedia
Present the multimedia document to a device-specific presentation so that
document it can be played back on the device

US25: As a user | want the authoring process to
notify me about an available multimedia
presentation so that | am aware of it

Table 3-3: EFUS- Multimedia Authoring P rocess

3.2.2 Non-functional R equirements

In the previous section we have defined the functional requirements of DCMC
by means of agile Software Engineering methodologies, i.e., we used Epics, Features
and User Sories (EFUS). In the course of introducing the EFUS, we have discussed
about the feagbility of using EFUS to define the non -functional requirements of the
system. As pointed out, it is recommended to use EFUS only when they add value to
the requirements [Cohn 2004; Leffingwell 2011]. By examining the characteristics of
the non-functional requirements in DCMC, we decided to follow traditional
methodologies to define the non-functional requirements for the DCMC. In traditional
software design and development methodologies, e.g., the waterfall model,
requirements of the system are defined in the analysis phase[Hoffer et al. 2002] or in
the requirements definitions phase [Sommerville 2001]. To determine the
requirements, several methodologies can be used. This includes:(i) interviewing and
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listening, (ii) questionnaires, (iii) prototyping and other methods [Hoffer et al. 2002].
Traditional me thodologies use the requirement statements to define the requirements
of the system. Requirement statements consist of two parts: (i) subject such as a
stakeholder or an actor, and (ii) a predicate that specifies acondition or an action [Zuby
Ezeasor, Martin Gorm Pedersen 2013]Besides well-established Software Engineering
requirements, e.g., the FURPS mode[Grady 1992; Leffingwell 2011], we derived from
the characteristics of the DCMC approach and the given scenarios additional four
aspects that our approach must consider. These are concerned with performance
requirements, using the Semantic Web technologies, supporting the standard
presentation formats, and the multimedia document model independent
presentations.

3.2.2.1 Software Engineering requirements (NFR1)

Software Engineering requirements address variety of emerging software needs.
DCMC approach must consider these fundamental software needs. The acronym
FURPS[Grady 1992; Leffingwell 2011] represents part of these needs. FURPS stands
for functionality, usability, re liability, performance, and supportability. The list can be
extended with additional aspects such as portability, reusability, security [Cohn 2004]
and scalability. A computing platform with multiple services enable s a form of
modularity called service -oriented architecture (SOA) [Shaw 2011] By adopting a
service-oriented architecture, DCMC approach aims at incorporating these emerging
software requirements. A service-oriented architecture enables to decompose the
application into N groups of services. Each service can be defined at a specifitevel of
abstraction with wel |-defined interfaces. Hence, a serviceoriented architecture enables
flexibility and better performance in the applications where performance is c ritical.
M odularity means grouping the functionality of the application into independent and
interchangeable modules. A modular software architecture: (i) enablesto reuse the
design knowledge and make the system understandable by others, (ii) allows for
segmentation of work, i.e., assignments of tasks and responsibilities, and (iii) allows
for the substitution of new modules can substitute for older ones without
compromising the harmony of the system [Shaw 2011]

3.2.2.2 Performance requirements (NFR2)

In DCMC, multimedia document authoring is accomplished on -the-fly in a PAN
environment. In addition to the short life cycle of PAN, a PAN environment
encompasses a shorranged low -powered wireless network to transmit data between
interconnected devices with potentially limited resources. This implies that the
authoring process and all its sub-processes including the exchange of data betweerthe
interconnected devices must be designedin terms of efficient performance. Thus,
DCMC must consider the bandwidth of the network and the characteristics of the
interconnected devices.
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3.2.2.3 Mak e us of Semantic Web technologies (NFR3)

This non-functional re quirement is derived from the overall concept of the
DCMC and the aspects motivating this work. In the era of cloud computing and
Service-Oriented systems, applications must be designed to cope with the emerging
concepts of the Internet of Things (loT). For DCMC this means that the authoring
process must make use and incorporate theSemantic Webtechnologies in its phases
and where it is applicable. On the one hand, this constraint on the authoring process
urges the use of technologies suchasRDF, linked data, reasoning rules and other W3C
Semantic Web standards. On the other hand, DCMC can be easily integrated with
other systems that adopt the same W3C technologies and standards. This imples as
well, that DCMC supports scalability, availability , and inter operability.

3.2.2.4 Support to standard presentation formats (NFR4)

To respect the idiomatic metaphor odondt
must avoid defining a new multimedia presentation format. For the following reasons,
the authoring process must make use of available presentation formats: (i) DCMC
approach can use the presentation players availableon the market, this implies that
the authoring process can serve the authored multimedia document to a wide range
of devices. (ii) Defining a new presentation format contradicts with requirement of the
ability of DCMC approach to integrate with other similar systems. (iii) There are no
emerging needs that urge creating a new presentation format. (iv) Developing a new
presentation format implies that we must und ertake the burden of the development of
a new player, which in any case will not be feasible. Based on that, DCMC approach
must use W3C standard formats such asSMIL, HTML5 and SVG, as well as thelegacy
industry -standard Flash.

3.2.2.5 Presentation independent m ultimedia document model (NFR5)

This is a centric non-functional requirement in DCMC approach. It imposes a
constraint on the authoring process and its related functional requirements, which we
already defined and discussed in the previous section. DCMC must ensure a
presentation independent authoring process. This implies that authored multimedia
document can be transformed to the presentation format that the target device
supports. This requires that DCMC approach must make use of an abstract multimedia
document model. In this work, we have concluded to use ZYX model [S. Boll and W.
Klas 2001] to provide the internal abstract model for the authoring process.

3.2.3 Summary

In this section, we identified the requirements of the DCMC approach. We
explained the methodologies that we followed to come up with the functional and
non-functional requirements. Those requirements are generated from the identified
gap between the related work analyzed in chapter 2.4 and the concepts and the
ultimate goals of DCMC approach. We concluded that there is no existing solution
provided by research approaches nor in the market that serves all the requirements
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that we have identified. In particular, there is no all -embracing research approach like
DCMC approach that integrates all the concepts we discussed in the previous sections
in one system. Based on those requirements, we present in the following section the
enhanced authoring process of DCMC approach.

3.3 Authoring process

The DCMC aims at the composition of multimedia content based on knowledge
explored and extracted from content individual users have and are willing to share
and which is encoded in different kinds of multimedia models. As discussed in
previous sections, our approach is motivated and influenced by four aspects These
four aspects are: (i)the evolution of s mar t dhardware ari@ ®perating systems,
(i)us er 6 s ytogom doeial wetwork sto share multimedia content about daily life
events, (iii) well -established methods and technologies of Semantic Web including the
increasing establishment of Linked Open Data (LOD) APIs, and (iv) the networking
technologies. The ultimate goal of DCMC and the presented motivation provided
input to identify Epics, Features, and User Sries (EFUS) for DCMC. These identified
EFUS provide the required material that we need to define an enhanced authoring
process and its subprocessesHence, the enhancedauthoring process must reflect the
presented concepts and the identified requirements. In this section, we discuss and
define the concept of the Subject of Interest, we present briefly the general multimedia
content authoring process, and we define the enhanced authoring process of DCMC
and present its phases and subprocesses.

3.3.1 The Subject of Interest (SOI)

We have used the term Subject of Interest(SOI) in many places and occasions
throughout this work. In this section, we discuss the thoughts and the inspiring
concepts behind the SOl term.

In the domain of Locaton-Based Services (LBS), the term ¢
used to refer to any object that the user is interested inand has a static geographical
location. A geographical location is usually determined by its topographical
coordinates that are typically expressed by means of longitude and latitude. Examples
of POls are museums, statues, bus stopsetc. A location can be of interest to the user
depending on the next activity the user is willing to undertake in a certain point of
time, i.e., if the user is willing to go for a coffee break, café houses nearby are the POls
of that user at that particular moment. Afterwards, if the same user intends to have
another activity after the coffee break, her set of POIs will be changed accordingly.
That is, the new set of POls is where the user can perform her next activity. From this
short analysis of POls, we can say that the POl oncept covers one aspect of the aspects
that can be linked to the interests a user has. This aspect is mainly linked with a
geographical location, i.e., the location where the user can perform her future activities,
i.e., her interests.

The Resource Desciption Framework (RDF) [W3C Org. 2014e] uses statements to
interrelate things. RDF statements consist of three parts, the Subject, the Predicate and
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the Object. The Subject and the Object represent the two resources being linked; the

Predicate represents the nature of their relationship. The relationship is phrased in a

directional way (from Subject to Object) and is called in RDF a Property [W3C Org.

2014d], e.g., <Bob> <is interested in> <a Cup of Coffee>. In this statemento Bob 6 i s t he
SUbject, 0i's I nRfrerde tad dCup ah@odi fse et dOkjed. Intha e

RDF framework the Subject of a statement can be theObject in another statement, and

vice versa, the Object in one statement, can be theSubject in another statement.

However, since the relation in RDF is uni-directional, i.e., from Subject to Object, the

Subject is what we aim at inferring information about. Figure 3-2 visualize s the basic

RDF statement as presented in the previous example. The RDF statement depicted in

Figure 3-2 suggests that we @n infer information abouttheSubj ect o0Bobd6 howe

additional information aboutthe O b j eCupof&of f eed6 can be i aferrec
second statement, e.g.<a Cup of Coffee> <is prepared from> <Coffea Arabic>, we can

infer additional information about the Subj ect 0a c uQbvioosly, tleof f ee 0
difference between the two statements is that, the Object of the first statement became

the Subject in the second statement. Hence, we are able to infer additional data about

0oa cup of coffeeod.

is_interested_in
Bob Cup of Coffee

Figure 3-2: Basic representation of RDF triple

Based on the above discussion, weconclude that the Subject in RDF statements
represents a central concept. ThisSubject can represent bothtangible and intangible

things. However , the POI represents a concept that can be linked to tangible things
only, i.e., to geographical places.Nevertheless, these tangible things represent part of
the interests of the user that DCMC aims to find by analyzing the content, which the
user provides. When combinin g the two concepts, which the POIs and RDF triples
represent, the result is characterized by attaching the Subject of the RDF statementto
the Interests of the user, resulting in what we define as the Subject of Interest(SOI).

The SOI provides a central concept to DCMC, it consistsof the following main features:
(i) It inherits the features and attributes of the POIs and the Subject of the RDF
statement. (ii) It represents the things that matter to the user. (iii) It covers a wider
range of tangible and intangible things, i.e., it can be a geographical location, an
abstract concept or an idea. (iv)It is not only linked to the future activities of the user,
the SOl can be linked to the past, the presen, and the future.

3.3.2 General Multimedia Document Authoring P rocess

The general process of creating and personalizing multimedia documents
presented in chapter 2.5 consists of four phases: Phase 1 is about the selection of the
media assets such as images, text, videpand audio for the composition. Phase 2 is
about the assembly of the selected media assts in time, space, and by means of user
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interaction elements and its representation in a coherent,
multimedia document.
document to a concrete multimedia format.

structured, abstract

Phase 3 is about transforming the abstract multimedia
Phase 4 is about presenting the
transformed multimedia document which include s delivery, rendering, and viewing
of the multimedia document. This general process of creating and personalizing
multimedia documents can serve DCMC as an appropriate reference model, because
it is very generic and intuitive, thus, the enhanced authoring process of DCMC builds
on top of this reference process.

3.3.3 Enhanced Authoring process of DCMC

The enhanced multimedia document authoring process depicted in Figure 3-3is
derived from the requirements, which we have identified in section 3.2 The core of

multimedia authoring process in DCMC follows the

reference process introducedin

section 3.3.2 DCMC extends that referenceprocess and adds additional phases. These
phases are guided by the identified requirements, which yielded an authoring proce ss
consisting of eight phases:

content

e}
a

Transforme:

JW
content

&)

\

The enhanced authormg process of DCMC

Analysis |—

PAN

establishment | |

SOI
inference

—{ Enrichment |—|

Selection

Composition

Transformation

Presentation

Figure 3-3: The enhanced authoring process of DCMC approach

Phase 1- Analysis

Short description: the multimedia documents that the users share are analyzed
individually and the results are encoded in RDF.

In the course of defining the term SOI, we stated that the Resource Description
Framework (RDF) [W3C Org. 2014e]uses statements to interrelate things. The main
task of the analysis process is inspired by this basic function of RDF. This implies that
the main task of the analysis process must achieve: (i) interrelating the document with
its metadata, composition features, and the included media elements. (ii) interrelating
documents to
the dataset that provides the substance to the authoring process.

al | t he

mul ti

me d i

a

t he

user

The analysis process starts by locating all the multimedia documents that the user
shares. For each document two types of analysis can be performed, global and local
analysis. The global analysis captures the semantics of the multimedia document by
means of interpreting: (i) the metadata of the document, (ii) the composition featur es
and the relationships between the individual media elements included in the

multimedia document. The local analysis focuses on the individual media elements.

The main function of the local analysis is to detect the high-level features represented
by the metadata as well as the low-level features represented by physical attributes of
the media elements.
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The analysis process performs the global and local analysis tasks on each multimedia
document that the user shares. The final results of the analysis process form the main
dataset that the authoring process require. Figure 3-4 depicts that analysis process.

Multimedia
Documents

finds

B 319

Search Global analysis Local analysis Results

Figure 3-4: The analysis process

We make use of RDF to encode the datasets, since RDF enables us to make uséthe
Semantic Web technologies intended to extract knowledge from RDF-Graphs.

Phase 2- PAN establishment

Short description: a personal area network is established by interconnecting two
or more devices.

The PAN establishment phase aims at forming the networking environment to enable
the interconnected devices to exchange data. Guided by the defined requirements of
PAN and the DCMC, the PAN forming process targets the Group Ad -hoc network.
Group Ad-hoc networks adopt the master-slave architecture and its related
specification. It specifies that 1 to 7 slavedevices can be connected to a master device.
PAN form ation process starts once a PANequipped device searches for another PAN-
equipped device. Two possible scenarios for the result of the search can be anticipated:
(i) The searching device does not find any other devices. In this case, the searching
device shifts to listening mode and waits for incoming connections. This implies as
well that the listening device is potentially the master of the PAN. (ii) The searching
device discovers one or more PAN-equipped devices. In this case, the searching device
initia tes one or more connections. Only a device in the listening mode can accept
incoming connections. Once the connection is established, the PAN is formed.

Phase 3- SOl inference

Short description: one or more SOI are inferred from the multimedia content
represented by the datasets.

Once the PAN has been formed, slave devices share with the master devicethe
datasets that resulted from the analysis process. The master device collets these
datasets and merges them into one masterdataset The master dataset is the input data
source to the SOFinferencing process. This SOtinferencing process makes use ofthe
inferencing rules that the DCMC provides for processing the master dataset.The result
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of the reasoning process is one or moreSOl. Figure 3-5 depicts the SOI inferencing
process.As mentioned in Phase labove, we make use d RDF of encode these datasets.

Merged RDF datasets
— —
F

—

Inferencing

Individual RDF datasets

Rules

Figure 3-5: SOI-inferencing process

Phase 4 Enrichment

Short description: additional information about the SOI are retrieved from LOD
sources.

Having identified one or more SOl in the SOI inferenceghase, the authoring process
communicates with LOD servers to retrieve additional reso urces about thediscovered
SOIl. The specifications of the Linked Data [W3C Org. 2016a]define how to represent
these resources by means oRDF triples. This implies that the r esults of the enrich ment
processrepresented by the retrieved resourcescan bemerged into the master dataset
and linked to the SOI. Figure 3-6 illustrates the enrichment process. The retrieved
resources, which are represented in RDF triples provide additional information about
the SOI. The additional information can be of any type of the known media types, i.e.,
image, text, video, etc.

= 1 ) response — enrich

RDF dataset

LOD Server Merged RDF dataset

Figure 3-6. The enrichment process

Phase 5- Selection

Short description: media elements related to the SOI are selected fotthe inclusion
in the new multimedia document to be com posed.

The SOl is detected from the information that the multiple devices have provided. This
implies that: (i) the related media resources that are linked to the SOI are scatteredover
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several devices (ii) the strength of the relation between the SOI and the linked media
elements can vary. The selection process starts by collecting the individual media
elements from various devices in the media pool. The media pool encompasses links
to the source elements the detected information about these elements, ard resources
that the enrichment process has collected. Once these resources become available to
the selection process, the selection process chooses from these resources by applying
the selection rules that DCMC offers for this phase. Figure 3-7 depicts the different
steps of the selection process.

narrows
down

finds Media

Media
elements

elements

Y

Distance Most relevant
calculation media elements

Select

Figure 3-7: The selection process

Phase 6- Composition

Short description: organizing the selected media elements into a coherent
multimedia document by determining the spatial and temporal relationships.

The selection process provides the media elements that the compsition process can
make use of. These media elements stem from two different resources: (i) Elements
from PAN resources; these are media elements that the analysis process extracted from
the shared multimedia documents. (ii) Elements from LOD resources; these are media
elements that the enriching process has retrieved from the LOD servers. Since PAN
elements are extracted from the shared multimedia documents, additional data about
their composition features are available to the composition process, i.e., he attributes
of their temporal and spatial spaces. This information supports the authoring process
in arranging these elements into a new coherent multimedia document .

Since elementsretrieved from LOD sources lack composition features, i.e., the spatial
and temporal attributes, this implies that the composition process must make use of
the rules that DCMC provides. These rules guide the composition process to infer
composition features for these elements.

Having provided this input information about the composition process, we can have
a closer look at its steps. Similar to the selection process, we apply a set of composition
rules on the selected media elements. he first step is to determine the level of
complexity of the new multimedia document. The level of complexity of the document
ranges between basic multimedia documents and highly sophisticated fancy
documents. In this step, the authoring process chooses between the templatebased
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composition and the free-style composition. Once the composition process has defined
the level of the complexity, a set of composition rules can be applied on the selected
media elements to infer their temporal and spatial attributes in the new document.
Finally, the results of the composition process are encoded in RDF.

Phase 7- Transformation

Short description: transform the composed multimedia document that is
described in terms of RDF triples to the internal abstr act multimedia document model.

Once the composition process has provided the composed multimedia document that
is represented in RDF tripl es, the transformation process can convert those RDF triples
to their equivalent representations in the multimedia model. To illustrate the process,
RDF datasets can be visualized as a treeFigure 3-8 depicts an RDF dataset and its
visualization as a tree, and the layout that this RDF dataset represents.

root-layout

a00

L1
top: 50 width: 80%

left:

5ey, L1.L2.main

600 N
Lion.jpg

Figure 3-8: A RDF dataset and its visual representation a s atree

The node of the tree is the Subject that all the subnodes are linked to. This implies
that the root node in the RDF tree represents the composed multimedia document and
all the sub-nodes serve as a description to the multimedia document and its media
elements. The transformation process iterates over all the nodes and their linking
predicates to translate them to their equivalent attribute s in the multimedia model.
The Predicates are translated to attributes. The Objects represent the values of these
attributes, covering both primitive and complex values. These attribute s and their
values belong to a Subject, e.g., to a media element.

We shall point out that there is a difference in the definition and the aim of the
transformation phase between the reference multimedia process and DCMC. In the
reference process the transformation process aims at transforming the composed
multimedia model directly to the final presentation format. However, in DCMC,
taking into consideration compatibility and efficiency factors, the transformation
phase transforms the RDF dataset that represents the composed multimedia document
into an abstract multimedia document model. This intermediary step serves the
purposes of: (i) Allowing the target presentation device to determine the final

88



presentation format, which obviously is supported by that device. (ii) Since the
authoring process runs on a distributed authoring environment involving potentially
different types of smart devices, it is more efficient to adopt a de-centralized
transformation process instead of a centralized transformation process.

Phase 8- Presentation

Short description: the authored multimedia document is transferred , converted
and presented on the devices.

The Transformationphase produces the multimedia document model that can be

converted to a concrete presentationmodel. This conversion to a concrete presentation

format is the first step in the Presentationphase. The presenting device selects the
concrete presentation format that it supports. Once the conversion is completed and

the presentation is created, the authoring process notifies the user about the

availability of the new multimedia document.

3.3.4 Summary

In this section, we drew the complete picture of the authoring and sharing
process for multimedia documents in PAN. The authoring process in DCMC is guided
by means of the semantics extracted from the original sources. The core ofthe
multimedia authoring process in DCMC follows the reference processfor multimedia
composition presented in section 3.3.2 The authoring process in DCMC extends that
reference processwith additional phases to support the composition of multimedia
documentsa bout t he iruRA&lr The autBoirlg process incorporates eight
phases that are derived from and guided by the requirements that we have identified
in section 3.2 The driving key element of the authoring process is what we define as
the Subiject of Interest(SOI), and which we infer from the content provided by the user
and use to initiate the process of multimedia content authoring and sharing.

3.4 The Architecture of DCMC

In sections 3.2, and 3.3 we defined the requirements and the phases of the
authoring process. In this section we present the service-oriented architecture (SOA)
of DCMC.

In the course of defining the requirements we have identified three logically separated
groups of requirements: (i) requirements for PAN management, (ii) requirements for
multimedia document authoring and sharing , and (iii) non -functional requirements
that add constraints on the system. These requirements guided the definition of the
authoring process that consists of eight phases, each phase represents a logically
encapsulated set of services, tasks and functions. In order to reflect the requirements
and the phases of our authoring process by means of a software system, we identified
seven logically separated components that construct the DCMC application. Table 3-4
depicts the logical relationships between the requirements, the phases of the authoring
process and the seven components of the system.
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Requirements group Authoring Process Components

Networking PAN establishment Networking Framework

Analysis

Analyzer
SOl inference

Enrichment LOD API framework
Multimedia Authoring Selection Selector
Composition Composer
Transformation Framework for
multimedia document
Presentation and RDF
Non-functional Constraints

Table 3-4: The logical mapping of requirements, process and SOA

There are varying definitions of components [Murray et al. 2004]. A component can be
defined as an irreducible part of aggregation of parts that make up a system, also called
a subsystem[Hoffer et al. 2002]. A component is a software unit or data unit that has

a defined interface for which it provides an instantiation [Schmidt and Buschmann
2003; Murray et al. 2004] Components can be perceived as servicgroviders. Services
can be defined as looselycoupled independent computation units [Shaw 2011] This
implies that components characterized by: (i) being independent executable entities,
and (ii) publish ing their interfaces and all interactions are through those interfaces
[Sommerville 2001].

A framework is a generic structure that can be extended to create a more specific sub
system or application [Sommerville 2001]. Frameworks are sub-system designs made
up of a collection of abstract and concrete classes and the interface between them
[Wirfs -Brock and Johnson 1990]

Based onthese definitions of components and frameworks, we deduct the followi ng
features that can be linked to components and frameworks: (i) A collection of sub-
systems construct a framework. (i) These subsystems define interfaces to enable the
interaction with another sub -system. (iii) Components are sub-systems that provide
specific services. A Computing platform with multiple services enable s a form of
modularity called (SOA ) [Shaw 2011] (iv) Components can be specified abstractly, or
can provide an implementation for other abstract components. (v) Frameworks are not
standalone systems; systems are constructed by coherently integrating a number of
frameworks in a SOA.

This analysis of frameworks and components provides us the basis to decompose the
DCMC system into frameworks and components, and allow s us to define those
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framework s and components at an abstract level. This means that we can define
generic services, their interfaces, functions and interactions. Such definitions enable
us: (i) to describe the components of the system and the way they interact with each
other in terms of abstract services without having to get into the details of the

implementation , and (ii) to present the system and its parts, processesand services at
a manageable theoretical level.

3.4.1 Networking Framework (NtF)

The Networking Framework (NtF) as its name suggests provides the required
networking services. Those services are derived from the User Stories that we have
defined in section 3.2.1.1and the process for forming the PAN we described in 3.3.3
The framework serves two different levels of use: (i) application level and (ii)
component level. At the application level, the DCMC application uses the services that
the Networking Framework provides to form a PAN, search for devices, initiate
connections, accept connectiors, listen to incoming connections, and exchange data.
At the components level, the components that need to accessweb resources make use
of NtF services to establish a http connection and perform request/response
interactions. Based on that, we defined two main services that the Networking
Framework provides. These services are represented by the two interface®ANService
and HTTPService Both services ensue to provide means to the components of the
system to exchange data without any constraints on the types of the data being
exchanged. This implies that those services provide data transport layer to send and
receive data without requiring the data to be of a specific data type.

The interface PANServiceprovides the functions listed in Table 3-5, these functions
reflect the User Stories and support the PAN formation process. The design of the
PANServiceinterface considers the neutrality of PAN technologies. In chapter 2.2.2we
presented the available technologies that can be used to form a PAN. TheNtF specifies
APIs that can be implemented for different PAN technologies to su pport networking
services by using technologies such as Bluetooth, WiFi, and others.

Function name Description
Initiates a connection to a listening
Connect )
device
Disconnect Disconnects the connection
Send Sends data to an interconnected device
. Receives data from an interconnected
Receive i
device
Scans the surrounding environment to
Scan : ) )
discover other PAN -equipped devices
. Listens to connections that other PAN-
Listen ) . o
equipped devices initiate

Table 3-5: PANService 9 list of functions
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The interface HTTPServiceprovides functions inherited from the HTTP protocol, those
functions allow the applications to send and receive data using HTTP. Table 3-6 lists
the functions provided by the HTTPService.

Function name Description
Get Represents a GET method as specified
by the HTTP protocol
Represents a POST method as specified

Post by the HTTP protocol
PUL Represents a PUT method as specified
by the HTTP protocol
Represents a DELETE method as
Delete

specified by the HTTP protocol
Table 3-6: The HTTPService - list of functions

A system that hosts applications dedicates for each application a system threadcalled
the mainthreadto execute its tasks on thismain-thread Applications run various tasks
on the mainthread unless an application dedicates a separate thread fora particular
task. Running tasks on the main-threadis controlled by the flow of the application. This
implies that tasks run synchronously, i.e., a task can run only once the preceding task
has completed its job. This means however, that heavy weight tasks block the flow of
the application or the main-threadtill they are completed. This synchronous execution
of tasks can be overridden by adopting an asynchronous task execution. An
asynchronous execution of tasks can be ahieved by means of dedicating separate
threads to these tasks. This implies that a callback mechanism must be provided to
these asynchronous taks to allow them to communicate with th e application running
on the main-threadto notify about their progress. Callback functions can be defined as
methods that are called in response to events that are recognized by the framework
[Sommerville 2001]. Callback patterns can be implemented by means of providing
callback methods and listeners that listen to those callback methods. Listeners that are
bound to the mainthreadexecutes those allback functions once they are called by a
process that runs on its own thread. Figure 3-9 depicts the callback pattern.

‘ listener ‘ Application ‘ listener |
e e
call \ callback call \ callback

Process 1 Process 2

\j
\j

thread 1 thread 2

\ |

application main thread

Figure 3-9: The callback pattern
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The PANServiceinterface provides the following callback functions.

Function name Description

Notifies about a successful connection
with another device

Notifies about switching the device to

onConnected

onListen .

listen mode
onConnectionClosed Notifies about a closed connection
onConnectionLost Notifies about a lost connection
onSend Notifies about sending data
onReceive Notifies about receiving data

Table 3-7: List of callback functions provided by the PANService

The HTTPServicanterface provides the following callback functions:

Function name Description
Notifies about a successful HTTP
onHttpSucess
request/response
Notifies about a failure on a HTTP
onHttpError
request/response

Table 3-8: List of callback functions provided by the HTTPService

PANServicelmpklassimplements PANServiceinterface defining four functions: (i) The
listen() function, called by the listening device. It starts the AcceptThreadhat calls the
callback functions that the interface AcceptThreadCallbagirovides. (ii) The connect(T1
panDevice)function, called by the connecting device. It starts the ConnectThreadhat
calls the callback functions provided by AcceptThreadCallback(ii) The send(T1
panDevice, T2 panMessageinction, which starts the ReadWriteThreadhat uses the
open connection socket to transfer data. The ReadWriteThreaduses the callback
functions that the ReadWriteThreadCallbaakterface defines. (iv) The stgp() function can
be called by interconnected devices in order to stop the PANServiceand its active
threads. The PANListenerimplclassimplements the PANListenerinterface that provides
callback functions to communicate the PAN events to the application. T hese events are
represented by: (i) onDeviceConnected(T1 panDevicahich informs the application
about a successful connection with a PAN-enabled device. (ii) onDeviceDisconnected(T1
panDevice) which informs the application about the disconnection of a device. (iii)
onDataReceived(T1 panDevice, T2 panMessag#jch communicates the received
panMessage of type <T2> from panDevice of type <T1> to the application.
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Figure 3-10depicts the services and the components ofNtF:

Figure 3-10: The Architecture of NtF presented as a class diagram

3.4.2 Framework for Multimedia Documents and RDF (FMMDR)

Since various document formats like SMIL, SVG, or HTML5 need to be
considered when handling multimedia content, FMMDR provides services for
transformi ng different multimedia document models such as SMIL, SVG, and HTML5
from/to RDF encoded content, whereas RDF serves as the internal, canonical,
semantic representation scheme.

The non-functional requirements impose constraints on the design of this
transformation process, i.e., the abstraction from concrete documentmodels like SMIL,
SVG, or HTML 5, and decoupling the internal processing logic from various individual

document formats. Therefore, FMMDR internally makes use of an intermediate
representation, an abstract multimedia document model such as ZYX [S. Boll and W.
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