





perception of the observers was negative, even when disparity
fell below 70% of ZoC range. In order to secure a good
comprehension of the scene, the threshold was fixed at 2/3 of

the total of Shibata’s ZoC. Further away the vergence

accommodation conflict was found to be nearly unsolvable or,
at least, it took a lot of time to be solved. This effect of time
will be dealt with in subsequent sections. Outside of the ZoC
violations were easily detected by the algorithm analyzing the
resultant parallax histogram. Other still images from the
sequence (Figure 4) were used to quantify window violation
cue conflict. During that sequence, the text is turning and,

from time to time, some of that text crosses the screen’s lirr

As the text has a negative parallax, it should never touch the
borders. From the tests results, it was determined that window
violation cue conflict became difficult to overcome when at
least 20% of the screen edge was filled with negative parallax
pixels. Again, we were able to detect window violations
measuring positive parallax pixels over the edges from
computed depth maps results.

The last still image test was related to QoE rather than
annoyance or discomfort. In this case, a set of images were
ranked for their 3D effectiveness. Results were compared to
their depth map histogram distribution. Figure 13 to Figure 16
show depth maps and histograms of the images submitted to
test. Table 1 holds variance statistics for all the images tested.
Note that histogram value for -80 pixels always shows a peak.
This peak is considered as noise related to depth map
calculation techniques and will not be taken into account
when statistics are calculated.

The 3D perceiving the church and the cemetery images,
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Figure 15. Library depth map and histogram

Figure 16. Table depth map and histogram

5.2 Depth and Motion QoE Decision Algorithm

First of all, the scene changes were analyzed with different
variations of negative parallax in an environment of positive
high-variance. As seen in Figure 17 the depth map and
histogram are calculated, and their related statistics evaluated,

observers usually prefer the second image because there’siqdetect the scene changes.

wider range of depth. This is statistically measured as a bigger
positive parallax variance. The “Library” and the “table” were
found to be the preferred images due to its variety of depths,
form positive to negative parallax.

Table 1: Histogram variances

Image | Positive Variance (pix) | Negative Variance (pix)
1 10 i
2 19,6 -
3 12,8 23,2
4 15,6 16,4

All these tests revealed an interest in depth variance and
negative parallax because of their higher immersive
capabilities. Our developed tools confirmed these features in
each one of the images through statistical depth analysis,
which led us to believe the system is well-suited to detect
possible indications of 3D quality of experience through
objective analysis of still images.

40000

20000

0 a
-80 -40 0 40 80

Figure 13. Church depth map and histogram

Figure 17. Example of scene change detection

Table 2: Positive and negative parallax from histogram analysis

Frame Positive Parallax | Negative Parallax
(% pixels) (% pixels)
29 44,26% 2,60%-
30 31,58% 18,15%

The variation of negative parallax from frame 29 to the next
one is more than 15%, taking into account that, although the
negative parallax in frame 29 nears zero, the positive parallax
is very significant, with a score of more than 25%, which
means that there is a high probability of detecting visual
discomfort, as observers manifested in subjective tests, which
need time to focus the objects in negative areas. Similar
results have been obtained with scene changes with variations
of negative parallax higher than 10%. Tests related to motion
with high parallax variation offers similar results.
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Figure 18. Frames with high negative parallax

Fast motion is detected in some sequences when the motion
vectors reveal a movement higher than 2 pixels per frame, as
happens in Figure 18, which shows the camera making a
“travelling” fast movement.

Motion
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| t t t | > frame
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%Parallax
—
40% —|-
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20% —
10% e T Negative
[ prm———— e |

> frame
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Figure 19. Evolution of motion and parallax percentage
between frames 1920 and 1990

Figure 19 shows both negative and positive parallax
percentage in parallel to motion description. It is remarkable
that an abrupt increase in negative parallax is not enough for
visual discomfort to be detected. It is necessary to create an
environment with parallax variance and motion. The
probability of discomfort is higher with faster motion.

6 CONCLUSIONS

Depth and motion are main factors in perceived quality of
experience. Information provided by depth maps and
estimated motion vectors is useful to avoid effects that can
cause visual discomfort and fatigue in observers when
contemplating 3d stereoscopic contents.

Subjective assessment allowed us to isolate the main features
to be detected, in order to perform an algorithm which could
translate user’s opinions into an automatic objective system.

The presence of objects with negative parallax on a static
image, and especially when motion is detected in the video
sequence which contains that image, requires quantifying the
probability of the observer’s annoyance. This information can
be obtained through depth maps, motion vectors and parallax
histograms. In graphics comparing parallax and motion
evolution the relation between both parameters in the final
experience of users is remarkable. Previous Zone of Comfort
(Zoc) studies have been found to be greatly affected by
motion and time of viewing, diminishing its range
significantly. Parallax getting near the ZoC edges (especially
negative) has been proven to be undesirable when fast motion
or high parallax variance appeared.

Tests that have been developed showed good results when
applying the techniques to video sequences that contain
effects which could be considered annoying for the human eye.
Results obtained offer guidelines for stereoscopic video
creation, extracting probabilities of visual discomfort and
fatigue and reaching consensus between 3D sensationalism
and annoyance to the observer’s eye. Nevertheless, the user
has the final decision to accept or reject a determined content.
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Abstract: During the last years, a new, powerful
paradigm has arisen among the networked electronic
media: the Hybrid TV or Connected TV,
characterized by receivers able to play both broadcast
content and Internet content. In this paper, the
authors explain how this technology can be used to
provide specific services for people with disabilities. A
set of tools, based on the HbbTV standard, has been
implemented to make easier the work integration for
people with disabilities in the INLADIS project.
Accessibility has been a sine qua non condition for this
set of tools,

Keywords: HbbTV, Hybrid TV, Connected TV, work
integration, people with disabilities, accessibility

1 INTRODUCTION

A new technological paradigm has recently arisen in the
world of the networked electronic media: the Connected
TV or Hybrid TV. This paradigm is characterized by
receivers or TV sets that are able to receive and to play
content coming from a broadcast network (for example,
the digital terrestrial television, DTT) and Internet (i.e., a
broadband network). This paradigm is also named HBB,
Hybrid Broadcast Broadband.

The main set manufacturers have specified their own
proprietary platforms to develop their own broadband
content portals. These specifications do not require
interoperability thus the TV set must just play the

multimedia content coming from the manufacturer servers.

The manufacturer keeps the control on the content
consumed by users. This model is sometimes called
“walled gardens”.

On the other hand, a standard specification called HbbTV
(Hybrid Broadcast Broadband TV) [1] has been created to
ensure interoperability between TV sets (regardless the
manufacturer) and the broadband content portals
(regardless the content provider). HbbTV allows both
manufacturers and TV operators to exploit their media
content through the broadband network. This standard
solution was chosen to develop the tools explained in this
paper.

Hybrid TV avoids the problems that the interactive TV
systems have traditionally suffered since this paradigm
implies the existence of an always-on, broadband return
channel, used to provide personalized audio-visual

content, according to the user preferences and interactions.

The question we tried to answer in the beginning of our
project was how we could take advantage of this powerful
technological paradigm to offer new services for people
with disabilities. After this introduction, section 2
describes the technological features of HbbTV. Section 3
explains the project and how HbbTV features and other
web technologies have been used in it. Section 4 describes
how accessibility has been taken into account. Section 5
briefly drafts some conclusions and other future work.

2  HBBTV

HbbTV (Hybrid Broadcast Broadband TV) [1] is an
international initiative to provide a standardized
interoperability solution for the Connected TV. The
specifications created by this initiative have been
published by the ETSI, European Telecommunications
Standards Institute. The newest specification is named
HbbTV 1.5 and integrates some additional features with
regard to HbbTV 1.0.

One main characteristic of HbbTV is the use of previous
technologies to achieve an actual, fast deployment of the
standard. HbbTV-compliant devices can be easily found
in consumer electronic stores and some European TV
operators (like ARD, the main German broadcaster) are
exploiting HbbTV applications since 2010.

In figure 1, extracted from the HbbTV norm [1], the
technologies referenced by HbbTV can be observed. The
main idea when considering HbbTV content is that
applications are CE-HTML documents, which are
interpreted by an Internet browser embedded in the TV
set. CE-HTML, formally named “Web-based Protocol
and Framework for Remote User Interface on UPnP
Networks and the Internet (Web4CE)” [2], is a
specification created by the CEA (Consumer Electronic
Association, an American industrial alliance), with the
code CEA-2014. CE-HTML can be described as an
HTML language for consumer electronic devices.

HbbTV references CE-HTML to specify the languages
for the above mentioned applications: XHTML, CSS (the
well-known language for style sheets) and JavaScript.
HbbTV also includes AJAX (Asynchronous JavaScript
and XML), which is a set of web technologies that allows
the browser to communicate with the server in
background meanwhile web content is depicted. Due to
the mentioned reasons, application technologies are
related to the embedded browser.

Corresponding author: Carlos Alberto Martin Edo, Grupo de Aplicacion de Telecomunicaciones Visuales (G@TV) — Universidad
Politécnica de Madrid. ETSI de Telecomunicacion. Ciudad Universitaria s/n 28040 Madrid (Spain); +34 91 336 73 44;
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Figure 1. HbbTV normative dependencies, extracted from the specification [1]

Moreover, HbbTV integrates the DOM through CE-
HTML. DOM (Document Object Model) is a W3C
specification to dynamically access and update the
content, structure and style of documents.

Precisely, HbbTV references in a direct or indirect
manner numerous specifications from the Web
environment (like the ones created by the W3C, World
Wide Consortium). DOM 2 allows the TV set to handle
the key events, i.e. the user interactions by means of the
remote control.

The OIPF (Open IPTV Forum) is another large source of
referenced technologies for HbbTV. The OIPF specifies
the DAE, Declarative Application Environment [3],
which includes the JavaScript APIs needed in an audio-
visual environment to carry out functions on the TV set.
For example, these APIs allow an HbbTV EPG
application to tune another TV service if it is selected by
the user in the application graphical interface.

Another key specification proposed by the OIPF defines
the Media Formats for audio-visual content delivered
through Internet in the HbbTV applications [4]. Although
the specification identifies more alternatives, HbbTV
suggests a more limited set of formats. AVC is specified
for high definition and standard definition video; HE-
AAC and E-AC3 are the preferred audio formats; and two
formats are identified for the system layer: MPEG-2
transport stream and the MP4 container. In this way,
HbbTV reminds us that audio-visual and file formats are
independent. Moreover, HbbTV applications are able to
insert broadcast video inside its graphical interface and
scale it, too.

HbbTV also references an OIPF norm to define the
protocols allowed in the standard (OIPF Protocols
Specification) [5]. The minimum requirement for an
HbbTV receiver is to be able to accept file streaming over
HTTP. Besides, HbbTV 1.5 specifies MPEG-Dash for
adaptive streaming, characterized by providing a specific
bitrate according to the instantaneous throughput of the
channel.

HbbTV references a DVB specification for two critical
aspects to provide the service: application carriage and
signalling. The mentioned specification [6] was
elaborated by DVB for any generic HBB system and not
only for HbbTV. The transport of the applications can be
carried out by means of two main mechanisms: a DSM-
CC object carousel (in the broadcast channel) and HTTP
(in the broadband channel). DSM-CC is the part 6 of
MPEG-2 [7] and it specifies a way to provide data in a
cyclic manner inside MPEG-2 transport streams. This
carousel may be used to provide a first user interface,
such a launcher or red-button application, without using
the broadband connection. In interactive TV, the launcher
is a simple graphical interface that is automatically
depicted when the user tunes a channel. It works as a gate
to know the other interactive services provided by the
broadcaster. This launcher usually consists in an
invitation to push the red button in the remote control to
access to the rest of applications. On the other hand, some
TV operators have deployed their HbbTV services
without multiplexing this carousel, but providing all the
needed information through the broadband channel since
the moment the user tunes the TV service, including the
red-button application.
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The signalling of an HbbTV application requires two
different actions: a table called Application Information
Table (AIT) and a specific descriptor in the PMT. This
AIT is very similar to other signalling tables defined by
DVB in its Service Information norm (DVB-SI).
Moreover, this AIT table is fully compatible with the AIT
table that was created by DVB for MHP, the old
standardized middleware for interactive TV. This table
contains all the required information for running the
application in the receiver and, particularly, the URL
where the application data can be found. The AIT is
multiplexed with a specific PID (packet identifier) in the
broadcast transport stream. This PID is referenced in the
PMT of the service, close to a stream_type that means
“private table” and to a specific descriptor named
application_signalling descriptor, which indicates that
the application is an HbbTV one.

As shown in the figure 1, HbbTV 1.5 adds support for the
scheduled version of the Event Information Table (EIT),
which is the DVB-SI table that carries the TV programme
information. This feature is very useful to build EPG
HbbTV applications. Finally HbbTV 1.5 adds support for
MPEG common encryption in the broadband content, in
order to integrate DRM systems that allow to monetize
the broadband assets and to build business models in the
future.

The different kinds of information that the TV receiver
exchanges (including signalling, applications and linear—
broadcast — and non-linear multimedia — broadband) are
well represented in Figure 2, extracted from the HbbTV
standard [1]. It must be remarked that the HbbTV
applications are located on the browser, thus this module
is in charge of interpreting them.
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Figure 2. Functional block diagram and kinds of information
in an HbbTV receiver [1]

The presence of the broadband, always-on channel and
the Internet technologies integrated in the standard bring
huge opportunities for the deployment of new media
services. Many main European broadcasters have
developed catch-up applications, where hundreds of
previously emitted programmes can be found. Some

operators, like the German ARD, are offering these pieces
of content with a very good quality (peaks of 4 Mbps in
AVC video). Some broadcasters have developed
applications such as the so called “digital teletext”, which
integrates an improved graphical interface, images and
video clips. The variety of possible applications is
enormous, including EPG with trailers, sport information,
etc. In our project, we tried to take advantage of this
technology to provide work integration services for
people with disabilities. On the other hand, there have
been some proposals to provide access services for this
collective by means of HbbTV [8]. However, the
originality of the work described in this paper consists in
the implementation of specific services. Moreover, the
project has used HbbTV features to achieve the
accessibility for people with disabilities in the developed
applications.

3 INLADIS PROJECT

Our project, called INLADIS — Multiscreen Platform for
the Work Integration of People with Disabilities, has been
sponsored by the Indra-Fundacion Adecco Chair in
Universidad Politécnica de Madrid for the Accessible
Technologies. Precisely, the two main objectives of the
Chair are promoting the work integration of people with
disabilities and improving the accessibility in media. As
in other previous projects, the authors have tried to use
the latest TV technologies to develop services for people
with disabilities, although such technologies have not
been designed or deployed for this purpose.

We enfaced this project as a way to develop innovative
services using a new networked media technology. From
the beginning, our aim was to achieve a multiscreen
platform, available through a connected TV set and also
through the PC screen. Since the limited browser
embedded in the TV set is able to interpret HbbTV
content, a conventional PC browser can be used to play
the content, too.

Bienvenidos al portal de INLADIS Gl wae i

Teleformacitn Accede a
EUrs0s online,
Ddertas de Encuentra
empleo emplec.
Foro Acceso a
candidalos.
LCome buscar
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CURSOS « @FERTS : ForRo 3 N ¢

Figure 3. Home page of the work integration platform

Four tools have been developed during the project, as
depicted in the initial screen (whose snapshot is shown in
Figure 3):

e T-learning, offering multimedia courses to improve
the employability

e Actual job offers for people with disabilities

2013 NEM Summit Proceedings | October 28-30, 2013 | Nantes, France

77



78

e Forum about work integration for people with
disabilities

e General information about the work market for the
collective of people with disabilities

Different strategies have been implemented to make
accessible this set of tools, as explained in the next
section.

With regard to the T-learning tool, the objective in the
project was not to implement the courses themselves, but
to provide a way to easily author these courses. For this
purpose, a graphical interface has been created to let an
author introduce the learning content (including text,
images and video clips) by means of a PC. Each course
consists of several chapters and each chapter, of several
pages. In this way, the user can more easily follow the
course. The learning content introduced by the author
through the web interface is saved in XML files, which
will be interpreter by the HbbTV application by means of
the standard features to handle this kind of files. In this
way, a modular approach is reached, distinguishing the
learning content (XML file) and the graphical interface to
present it (HbbTV application).

The second tool shows actual job offers for people with
disabilities. A certain grade of disability is required to
apply for those jobs. The offers are supplied in real-time
by Fundacion Adecco authors by means of a web
interface. Then, an XML file including all the fields of the
offer is sent to the server and it is parsed to automatically
insert the offer in the platform. Users can search for offers
according to two criteria: the geographical region and the
industrial sector. Figure 4 shows the offer list after a user
search.

OFERTAS
Fecha Oferta | Localidad
04-10-2012] Cajeroia-Alencidn al cliente Atencidn al cliente Zaragoza
09-10-2012| Jardinerofa Construccidn, Instalacién y Ista e Canela
08-10-2012 Responsable de reprografia Ciros Madrid
COMERGIAL FRANCES BILINGUE Comercial / Ventas ¢
08-10-2012 RESIDENTE BARCELONA Telemnarketing Barceiona
0s-102012 Téenicola de L Quimica y Farmacia Madrid
05102012 Recepcionista con inglés bilingoe Atencin al cliente Madrid
03-10-2012] Ayuca adr condl Atencion al cliente Madrid
02-10-2012 Envasadora Agricutura, Silviculura y Valancia
i
. . Alcatd de
01-10-2012 Mozo'a Almacén Transporte / Logistica Guadaira
S O B e

Figure 4. List of job offers according to user criteria

The forum was implemented after a suggestion from
Fundacion Adecco to provide a meeting point for people
with disabilities and trained in ICT, who do not have
other forums.

The fourth and last tool offers static, generic information
about work integration for people with disabilities. The
content has been conceived to be useful for both
employers and employees.

This set of tools has been deployed in a conventional
Apache2 web server, taking advantage of the application
languages specified in HbbTV: XHTML, XML,
JavaScript and CSS. Moreover, PHP has been used on the

server side for the dynamic generation of HTML content,
to be depicted in the browser embedded in the TV set.
Thus, PHP allows the portal to combine the flexibility for
offering personalized content and the fulfilment of the
HbbTV language requirements on the client side.

Images are included in the formats specified in HbbTV:
jpeg, png and gif. On the other hand, the video clips
included in the t-learning tool are coded according to the
formats recommended in HbbTV: AVC for the video and
MP4 container for the file. Audio is coded in the AAC
format, to reach full compatibility to HE-AAC, which is
included in the standard.

The purpose of the project was not only to develop the set
of tools, but make them accessible, in the way explained
in the next section.

4 ACCESSIBILITY

Since the set of tools for the work integration is focused
on people with disabilities, the accessibility was a
primordial objective of the project. This issue was taken
into account from the beginning of the project, according
to the design for all principle.

Different strategies have been followed, according to the
requirements of the people with disabilityies collectives.
Moreover, the content had to be accessible in the two
screens considered in the project: on an HbbTV TV set
and on a computer. Especially for this last screen, the
W3C accessibility guidelines have been a source of
information and ideas to get accessible interfaces. The
Web Accessibility Initiative is led by the W3C to promote
the accessibility in Internet. For the purposes of this
project, the guidelines included in WCAG (Web Content
Accessibility Guidelines) [9] have been of particular
interest.

With regard to the people with a visual impairment, two
different strategies have been implemented. On the one
hand, an improved graphical interface, characterized by
the use of a larger font and a colour scheme that
maximizes the contrast (black text in the foreground over
a white background). Moreover, images are removed in
the course pages in this accessible mode to gain space in
the screen and present the larger font.

On the other hand, audio clips have been included to
make accessible all the tools and screens, except the
forum. Not only is the content synthesized but also the
navigation instructions (this kind of access services is
known as audio navigation), a welcome message, etc. The
audio clips have been generated by means of the web
demos of quality text-to-speech software. The clips for
the static content (fourth tool and menus) have been
asynchronously created, whereas the clips for dynamic
content (courses and job offers) are automatically
generated when the author submits the data. After the
speech-synthesis phase, clips are coded in MPEG-1 layer
2. Moreover, tests have been successfully carried out to
integrate ReadSpeaker, a text-to-speech web tool that
generates and delivers the audio clips on the fly.

With regard to users with a hearing impairment, the
course authoring interface enables the submission of
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video clips for the sign language service. If this clip is
present in a page, it is automatically played in a scaled
window when the user visits it. Moreover, a special icon
is used in the menus to indicate the presence of sign
language video clips.

Finally, some design decisions have been made to achieve
an easier navigation in the portal, which will benefit any
user, including people with a physical or intellectual
disability. The navigation among pages can be carried out
by means of both the numeric keyboard and the colour
buttons and the menu options are presenting in carousel.
The audio navigation increases the usability for these
users, too.

Moreover, the platform offers a personalized
configuration. For this reason, username and password
are required in the first screen. However, the objective is
not to limit the access, but automatically take into account
the user preferences, particularly with regard to the access
services enabling (audio navigation, audio clips and
improved interface or sign language).

5 ON-GOING AND FUTURE WORK

Currently, the prototype is fully functional in the
laboratory. The means of the research group enable an
actual broadcasting inside the laboratory, including the
signalling specified in the norms. In this way, it has been
possible to test the application in commercial HbbTV sets,
simulating real operation conditions. In order to exploit
the platform with real users, a conventional TV
broadcaster should include the HbbTV signalling to point
the INLADIS server. In this case, the mentioned text-to-
speech web tool would be necessary since the demo
versions used in the prototype do not allow any kind of
exploitation. Some important broadcasters have been
contacted. Although they have shown their interest, a
more visual interface would be required for the actual
exploitation. On the other hand, the t-learning courses
could be improved by means of e-learning models like
SCORM.

In other words, the prototype is currently functional and
some minor changes would be necessary for a real use in
commercial TV operators.

With regard to user trials, informal tests with people with
disability have been carried out in the laboratory.
Currently, a validation phase is being designed with the
support of Fundacion Adecco. The objective is to perform
a qualitative survey with real users, including interviews
and questionnaires.

Finally, the work explained in this paper is going to
continue in the HBB4ALL European Project, which is
going to deploy lab tests and large pilots of access
services based on HbbTV in different European countries,
with the support of the European Commission by means
of CIP-ICT-PSP (621014).
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Abstract—Monitoring a system is the ability of collecting and
analyzing relevant information provided by the monitored devices
so as to be continuously aware of the system state. However,
the ever growing complexity and scale of systems makes both
real time monitoring and fault detection a quite tedious task.
Thus the usually adopted option is to focus solely on a subset of
information states, so as to provide coarse-grained indicators. As
a consequence, detecting isolated failures or anomalies is chal-
lenging. In this work, we push the monitoring task at the edge of
the network. We present a peer-to-peer based architecture, which
enables nodes to adaptively and efficiently self-organize according
to their ‘“health” indicators. By exploiting both temporal and
spatial correlations that exist between a device and its vicinity, our
approach guarantees that only isolated anomalies (an anomaly is
isolated if it impacts solely a monitored device) are reported on
the fly to the network operator.

Keywords—Monitoring, Anomalies, Reporting, Peer-to-Peer.

I. INTRODUCTION

The number of IP-enabled devices keeps on growing in a
steady manner, often reaching millions of units managed by a
single operator. If those devices are able to provide a service to
the user in their intended running state, deviations in behavior
or hardware/software problems are generally detected offline
by human intervention. The technical barrier for efficient
online monitoring and analysis is the size of the devices set
to operate, together with the huge amount of parameters and
states to consider. Network operators deploy helpdesk in order
to support their customers when they are facing problems. In
the last years the cable and telecom industry have developed
different remote management standards [3] to better support
the helpdesk operator via dedicated protocols and tools. As a
consequence, the helpdesk operation represents an important
part of the overall operating cost of a network provider. Reduc-
ing the number of calls as well as their duration is an important
key for every network operator to sustain profitability and
reduce the total cost of ownership. Nevertheless both telecom
and cable industries came up with client-server architectures
where a single server (or a farm of servers) is in charge of
managing a set of devices. Such architectures are typically
used for management tasks (e.g., service provisioning, device
firmware upgrading) rather than for real time monitoring
activities, essentially because of scaling issues. Indeed, the
massive scale we are considering calls for efficient monitoring
algorithms. A first option is to gather all the devices logs in a
single place, and to analyze collected data using for instance

the MapReduce paradigm [11] to detect the causes of the
anomalies. This nevertheless implies a significant detection
latency and processing costs in the cloud.

The second option is to push monitoring procedures on
devices. Actually, standardized procedures exist at devices
level to autonomously trigger asynchronous alarms in presence
of anomalies. However, these procedures are never used for
practical reasons. Indeed if the cause of the anomaly lies in
the network itself (e.g., at routers, links or data center outages)
this may impact a very large number of devices, and thus
letting thousands of impacted devices reporting the problem to
the helpdesk operator, which may quickly become a disaster
due to the volume of generated messages. On the other hand,
it is of utmost importance to minimize the overall network
footprint by giving each device the capability to self distinguish
network-based anomalies from isolated ones — anomalies that
only impact the device itself — so that only isolated anomalies
are reported on the fly to the helpdesk. This is the problem
we address in this paper. Specifically, we propose a novel
distributed monitoring tool, called FixMe, that enjoys the
following properties.

e FixMe is self-managing: all the monitored devices self-
organize according to their “health” indicators so that
they can detect any correlation between their state and
the one of their neighbors,

e FixMe is dynamic: (i) monitored devices may join the
system or may be removed from it at any time, and (ii)
there is no assumption regarding the QoS repartition of
the monitored nodes (i.e., we do not assume that the
repartition is uniform),

e FixMe does not rely on any complex bootstrap proce-
dure. In contrast to most of the monitoring tools, devices
do not need to be prearranged into a predefined number
of clusters (as required for in instance in k-means based
solutions),

e FixMe is scalable: the end-to-end detection process, i.e.
from the local detection to the management operator
reporting, requires a logarithmic number of messages.

Analysis, formal proofs and pseudo-code are deferred in [2].

The remaining of the paper is organized as follows. Sec-
tion II provides an overview of existing monitoring approaches.
Section IIT presents the model of the system, and defines the
addressed problem. Section IV describes the FixMe overlay
and its associated operations. Section V describes the al-
gorithm that solves the problem. Section VI concludes and
presents future works.
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II. RELATED WORK

This Section provides an overview of the existing techniques
used in large scale systems to continuously and automatically
monitor time-varying metrics. The authors in [17] exploit
temporal and spatial correlations [4], [8], [14] among groups of
monitored nodes to decrease monitoring communication costs,
i.e., the cost incurred by the periodic reporting of the updated
metrics values from the monitored nodes to the management
node. The idea is to prevent any reporting message from
occurring when such a reporting would contain metrics values
that could be directly inferred by the management node. This
is achieved by giving each monitored node the capability to
locally detect whether the current values of its monitored
metrics are in accordance with predicted ones (through Kalman
filters tools [6] installed at both monitored nodes and the
management node), and by gathering nodes into clusters (such
that, for each monitored metric, a set of clusters group together
nodes that share correlated values of the considered metric
according to the Pearson correlation coefficient). At clusters
level, an elected leader is in charge of communicating with
the management system when the current metric values of
its group members differ from each others. Although close
to our objectives, the main drawback of this solution lies on
the centralized clustering process. All the nodes of the system
are continuously organized into clusters computed through
the k-means algorithm exclusively run by the management
node, which is a clear impediment to the scalability of their
approach. Other works aim at minimizing the processing cost
for continuous monitoring [15], [10], [16] in the light of the
theoretical results of [S], however similarly to [17], all these
approaches suffer from a centralized handling of the clustering
process.

In contrast, our objective is a fine-grain detection tool
capable of accurately and efficiently detecting isolated events.
As will be described in the remaining of the paper, we combine
clustering and structured peer-to-peer architectures to reach
this objective.

III. MODEL OF THE SYSTEM

We consider a set of N nodes that communicate among
each other through the standard synchronous message-passing
model. Each node in the system is assigned a unique ran-
dom identifier derived from a standard hash function (e.g.
MD5, SHA-1). Each node has access to D services numbered
1,...,D. At any time ¢, the QoS of each service is locally
measured with an end-to-end performance measurement func-
tion

Qi2{17...,N}XN — [ai,bi]
(p,t) —— QoS i at node p at time ¢

Without loss of generality we suppose that the QoS range
[a;, b;] of service i is equal to [0, 1]. We define the position of
a node p at time ¢ by the vector Q(p,t) defined as

Q(p,t) = (Qi(p,1), ..., Qp(p, 1)) ()
For each monitored service ¢ = 1,..., D, we split interval
[0,1] into n; disjoint intervals [xl(]_l),xg])), 1 <j <,

with zgo) = 0 and xgm) = 1, the last interval being closed.

Integer n; is a parameter of the system. These n; intervals
can be thought as n; QoS classes of service ¢. For instance,
one can consider a division of [0, 1] for service i such that

|2 — 207D > 120 29| Such a division could be
used to reflect the increasing sensitivity of users regarding QoS
variations. A user is more sensitive to a very small variation
of a high QoS than to a large variation of a low QoS. Without
loss of generality, we suppose a regular division into identical
length intervals and we define p; = |2\ — 27| = 1/n,.
In the following these intervals are named buckets (a more
precise definition is given in Section IV).

In addition to the functions ()q,...,Qp, each node has
access to D anomaly detection functions Ay,..., Ap. At each
time ¢, each function A; is fed with the sequence of the £; > 1
last QoS values Q;(p,t — ¢; + 1),...,Q;(p,t) and provides
some meaningful prediction of what should be the next QoS
value. Note that ¢; is a parameter of A;. These functions are
implemented to cope with the specific variations of their input
values, and thus different kinds of anomaly detection functions
exist, ranging from a simple threshold based functions, to more
sophisticated ones like the Holt-Winters forecasting or Cusum
method. In this paper, we suppose that the output of these
anomaly detections are boolean. At time ¢, A;(p,t) = true
if the sequence Q;(p,t —¥¢; +1),...,Q;(p,t) is considered as
an anomaly, it is false otherwise. Implementation of both
Q; and A; functions are out of the scope of the paper.

Finally, suppose that a node locally detects an anomaly
whose origin comes from a network/service dysfunction or
failure. Then this anomaly will have an impact on the QoS
of other nodes, and thus these nodes will locally detect it. On
the other hand, we suppose that if a node locally detects an
anomaly whose origin is local (hardware or software), then this
anomaly will only impact its QoS, and thus no other nodes will
be impacted by this specific anomaly.

Prior to defining the addressed problem, let us consider the
following simple scenario presented in Fig. 1. The QoS of a
single service monitored by two nodes a and b is represented
by interval [0,1]. At time ¢ the quality positions Q(a,t) and
Q(b, t) of both nodes lie in bucket j, while at time t+1, at least
one of the two nodes experience a QoS change. Five situations
can be observed. In situations (1), (2) and (4) node a is the only
node that observes a QoS change. In situation (1), this change
does not push a position outside bucket j, while in situation
(2) and (4) it does. However in both situations (1) and (2),
the anomaly detection function A;(a,t + 1) = false, thus
a does not consider this move as an anomaly, therefore does
not do any more investigation. In the other hand, in situation
4), A1(a,t+ 1) = true, and thus node a triggers a FixMe
message. Now observe the two last situations (3) and (5). Both
nodes observe a QoS change considered as an anomaly by their
function A (i.e., Aj(a,t+1) = A;(b,t+1) = true). However
in situation (3) the QoS degradation is the same for both nodes
(Q(a,t+1) and Q(b,t+ 1) lie in bucket k) and thus neither a
nor b consider this anomaly as isolated, while in situation (5)
Q(a,t+1) and Q(b,t+ 1) respectively lie in buckets k and £.
Thus both nodes trigger a FixMe message. We now formally
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define the problem we address in this work.

Definition 1 (The Isolated Anomaly Detection Problem). Let
S = {1,...,N} be the set of monitoring nodes, and an
additional node named the management operator with which
any of the N nodes communicate. Let S;),C C S be such
that ¥p € Sjtk p has moved from bucket j to bucket k from
time t — 1 to time t and there exists a service i such that
A;(p,t) = true. Then at time t + 1, an alert is raised at
the management operator if and only if |S]t el <7, with T a
parameter of the system. In Fig. 1, T = 1.

IV. FIXME FRAMEWORK
A. Rationale

In this Section, we describe how we address the Isolated
Anomaly Detection problem in a distributed system com-
posed of N monitored nodes. FixMe framework orchestrates
the monitored nodes into an overlay network, named in the
following FixMe overlay. An overlay network is actually a
virtual network built on top of the physical network within
which nodes communicate among each other along the edges
of the overlay by using the communication primitives provided
by the underlying network (e.g. IP network service). The
algorithms nodes use to choose their neighbors and to route
their messages define the overlay topology. The topology
of unstructured overlays conforms with random graphs (i.e.,
relationship among nodes are mostly set according to a random
process which reveals to be inefficient to find a particular node
or set of nodes in the overlay). On the other hand, structured
overlays build their topology according to structured graphs
(e.g., tree, torus, hypercube). Most of the structured overlays
are based on Distributed Hash Tables (e.g., [12], [13]). The
efficiency and scalability of all these proposed DHTs rely on
the uniform distribution of the nodes in the identifiers space at
the expense of breaking the application logic. This is why, for
specific applications such as streaming applications, broadcast
spanning trees structures, that support the application-level
broadcast, have been proposed [9]. Our concern is to exploit
the QoS relationship among monitored nodes, which make all
the aforementioned solutions non adapted. As a consequence,
we propose to organize nodes so that at any time ¢ the neigh-
bors of any node p are the nodes ¢ whose QoS (i.e. Q(q,t)) are

J k 7 kY 7

FixMe Alerts

Isolated anomaly detection of one monitored service. Node a triggers FixMe message in both cases (4) and (5), while node b triggers it only in case

closer to the QoS of p (i.e. Q(p,t)). The description of such
an organization is done in Section IV-B. From the application
point of view, three operations are provided by the system: the
lookup, the join, and leave operations that allow nodes
to respectively find a position in the overlay, join the overlay or
leave it. From the topological structure point of view, two
operations are provided: the split and merge operations
that guarantee the scalability of FixMe overlay when some
regions of the overlay become too dense or too sparse. All
these operations are described in Section IV-C. Finally, when
too many monitored nodes share exactly the same QoS (or
equivalently sit at the same position in the overlay), nodes
within the bucket self-organize into an hypercube as described
in Section IV-D.

B. Overview of FixMe Overlay

The FixMe overlay is a virtual multi-dimensional cartesian
coordinate space on a multi-torus. The entire coordinate space
is tessellated into a collection of buckets. A bucket is the carte-
sian product of D intervals of respective length p1,...,pp (cf.
Fig. 2, where FixMe overlay is made of 162 buckets). When a
node p joins FixMe at time ¢, p joins the bucket which
corresponds to its quality position (or simply its position)
Q(p,t). When a bucket is populated by more than S, nodes
this bucket is called a seed. The entire coordinate space is
dynamically partitioned into distinct zones, named cells, such
that a cell contains at most one seed (cf. Fig. 2, where FixMe
overlay on the left is made of four cells, and the one on the
right is made of five cells). More formally,

Definition 1 (Cell). A cell is defined as an hyper-rectangle of
buckets, among which at most one is a seed. A cell is fully
and uniquely characterized by a set of 2P buckets called the
corners of the cell, sorted using the lexicographic order.

Figure 2 shows these different elements for D = 2 and
p1 = p2 = 1/16. The buckets are elementary squares, the
seeds are represented by the black squares, and the cells are
depicted by the coloured rectangles. Note that neither cell 4
(on the figure on the left) nor cell 5 (on the figure on the right)
have a seed. The reasons will be detailed in the following.
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operation

C. FixMe Operations

a) Lookup operation.: We describe how a node locates
the seed that is in charge of a given bucket b through the
lookup operation. In FixMe, routing is exclusively handled
by seeds. Each seed maintains a routing table that contains
an entry for each of its 2D neighboring seeds in the co-
ordinate space. An entry contains the IP address and the
virtual coordinate of the seed. A lookup message contains
the destination coordinates. Using the neighbor coordinate, a
seed routes a lookup message toward its destination using
a simple greedy forwarding to the neighbor seed that is
closest to the destination address. CAN [12] uses this routing
to cross its zones. However, as such the lookup operation
needs to cross in average O(DN'/P) zones. We combine the
multidimensional routing of CAN with Chord-fashioned long-
range neighbors [13], [7] to improve the lookup operation cost.
Specifically, in addition to its 2D neighboring seeds, each seed
associates a location key to each neighbor seed of its routing
table. Hence, if the seed coordinates are (z1,...,2Z4,...,Zp),
then the +ith (respectively the —ith) key location for the dth
axis is defined by (z1,...,%( 4i),...,2p), where x(g ;) =
xq+2'pg (respectively 24, _;) = x4 — 2'pa). In addition, the
distance between the seed and the location key is bounded
by R4 where R, is a system parameter corresponding to the
absolute farthest location to be accessed in one hop in the
dth axis. Each seed s also maintains a predecessors table that
contains couples (s, 1), where s’ is a seed pointing on location
l in s cell. The predecessors table is used when a split
or merge operation are triggered to update the predecessors
routing table.

b) Join operation.: When some new node p wants to
join the system at time t, it contacts some node ¢ already
in the system. This bootstrap node ¢ sends a lookup request
for the incoming node position Q(p,t) to find the seed s
responsible for the cell in which p must be inserted. Once
p gets s address, it asks s to join the bucket that matches
its position Q(p,t). If that bucket is the seed s itself, then
the procedure described in Section IV-D is run. Otherwise,
s updates its cell routing table by inserting p address and its
position Q(p, t). Similarly, p keeps a pointer to s (as described
above, routing is handled by seeds, thus p only needs to point
to s). Now, if the number of nodes that sit in p bucket exceeds
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Fig. 3. FixMe cell-layer overlay and the embedded clusterized overlays.

Smin then this bucket becomes a seed, and a split operation
is triggered by s (see below).

c) Split operation.: A cell splits into two smaller
cells when the population of one of its buckets exceeds Sy
nodes and the cell has already one seed. The cell splits
along the dimension that corresponds to the largest distance
between the two seeds. More precisely, let s; and so be the

two seeds whose coordinates are s; = (xgl), e 7x(l)) and

S9 = (x?), . ,xg)). Let ip = argmax; ., |x(1) - x@)\.

Then the cell is split along the hyper%)lane orthoéonal t(Z) 10
axis and passing through the point L(mi;) + xz(-f))/2piojpioei0
where e;, is the D dimensional vector with e;, (i) = 1g—;,}-
Both seeds s; and so update their respective cell routing tables
to point to the nodes whose bucket falls in respectively s; and
s cells, as well as their routing table to point to their respective
neighboring seeds. Figure 2 depicts the split operation of
cell 1.
d) Leave operation.: Let p be a node, ¢ be the cell node

p sits in, and s be the seed in charge of ¢. When node p
leaves the overlay (either voluntarily or not) then seed s
simply discards p from its cell routing table. If p was sitting
in s and the population of s undershoots Sy, nodes, then p
departure provokes the merging of cell ¢ with another cell
¢’ as described in the sequel.

Prior to describing the merge operation, we introduce the
notion of cell hook represented in Fig. 2 by black triangles.

Definition 2 (Cell hook). Let ¢ be a cell in a D-dimensional
FixMe overlay. Each corner of ¢ has 2D neighbors buckets.
The hook of c is the first bucket (in the lexicographic order)
of these neighboring buckets that does not belong to c.

D. Self-organizing Nodes in Dense Seeds

In the context of QoS monitoring, it is not unusual to observe
that a very large number of nodes perceive a quite similar QoS
for a set of services. In such cases, FixMe would show cells
with very dense seeds, that is seeds with a quite large number
of nodes. Thus to keep the scalability property of FixMe, we
propose to self-organize these nodes into a structured graph so
that the routing cost among them remains logarithmic in their
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population size. Any structured graph proposed in the literature
can be chosen. In this work we use PeerCube [1] essentially
because each vertex of the hypercube gather from Sy, to Shax
nodes, which makes this cluster-based DHT highly robust to
churn. Thus, in FixMe overlay as shown in Fig. 3, all the seeds
are organized as follows. The first Sy, nodes that are in a seed
form the root of the hypercube, and upon new nodes arrivals,
the dimension of the hypercube increases [1]. From the point
of view of the neighboring seeds of any other seed s, only the
root of the hypercube is visible.

V. SOLVING THE ISOLATED ANOMALY DETECTION
PROBLEM

We now propose an algorithm that solves the isolated
anomaly detection problem. The algorithm, whose pseudo code
is presented in Fig. 4, is cyclically run by any node p, and is
made of the following three tasks. Briefly, in Task 1, node
p changes its position in FixMe overlay according to the
QoS change of its monitored services (if necessary). If this
QoS change is diagnosed as an anomaly by its function A,
then p determines whether this anomaly is isolated or not
(Task 2), and in the affirmative sends a FixMe message to
the management operator (Task 3).

Let r be the current round of the algorithm. In Task 1 node
p computes its current position Q(p,r). Let b, be the bucket
that corresponds to this position, ¢, be the cell that contains
b, and s, be the seed in charge of cell ¢,. If Q(p,r) differs
from p position at time r — 1 (we note b,_; the bucket that
corresponds to this position), then p leaves bucket b,_;
and joins bucket b,. If there exists a service ¢ for which
A;(p,r) = true then p runs Task 2. The goal of Task 2 is to
enable node p to determine whether there are other nodes in
the overlay that have experienced the same QoS change as p,
that is, nodes that 1eft bucket b,_; at the beginning of round
r—1 and join bucket b, at the beginning of round r. This is
achieved as follows. By construction of FixMe, an hypercube
is embedded in the seed s of each cell (see Section IV-D), and
all the nodes in that cell point to the cluster root of seed s (see
Section IV-C). Let H, be the hypercube embedded in seed s,..
Then p computes a random key / that depends on both round
r — 1 and its previous position b,._;, and asks the node in H,
that is in charge of key A (by construction of any DHT, such
a node always exists) to increment a counter v (initially set
to 0 at the beginning of round r). After 7' time units, Task
3 starts. Node p reads counter v, and if it strictly less than 7
(i.e., no more than 7 nodes have jump from bucket b,._; to
bucket b,.) then p sends a FixMe message to the management
node, which ends Task 3.

VI. CONCLUSION

In this work, we have formalized the isolated anomaly
detection problem. Such a problem is recurrent in various
large scale monitoring applications, and in particular in the
cable and telecom industry where it is of utmost importance to
make the difference between isolated anomalies and network
based anomalies. One of the reasons being a financial one.
In this context we have proposed the FixMe tool that pushes

Algorithm 1: p.updatePosition(r:round)

Data: T: delay such that all nodes have moved to their new bucket (if necessary).

Output : The positioning of p in the appropriate bucket, and the sending of a
FixMe message if p detects an isolated failure

begin

Task 1

4 1+1;

oldposition < p.bucket ;

newposition <— Q(p,r);

newbucket <— p.lookup(newposition);

if newbucket # p.bucket then

p.leave();

p-join(r,p);

end
EndTask
if 3i,1 < i < D, A;(p, r)=true then
Task 2
h < H(oldposition,r — 1);
p.incrementValue(h);
EndTask
Wait Until T;
Task 3
n < p.cell.seed.get(h);
if n < 7 then
‘ send FixMe msg to Management Operator;
end
EndTask

end
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Fig. 4. Isolated Anomaly Detection algorithm run by any node p

monitoring to end devices, and by combining local algorithms
to detection functions provides a scalable and efficient solution
to the isolated anomaly detection problem. As a future work,
we first plan to analyze the evolution of FixMe in a stochastic
model to study, in particular, the influence of the distributions
on the cells repartition and their sizes. The long term objective
is the implementation, and deployment of FixMe.
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Abstract: Creating innovative Future Media Internet
(FMI) products and services is a complex endeavour
requiring consideration of socio-technical factors and
an increasingly diverse technology landscape.
Accelerating time to market requires the availability
of technology enablers adapted to local contexts and
integrated together to create added value patterns of
use. In this paper we present a set of such technology
enablers used within a FMI testing facility. We
describe how each enabler has been constructed to
support the lifecycle of different classes of content and
integrated to provide coherent and representative
aggregations of content expected in FMI applications
and services. A set of lessons learnt are derived from
experiments conducted using the enablers at venues of
the facility.

Keywords: future media internet, augmented content,
technology enablers, trials and experiments

1 INTRODUCTION

Offering collective experiences to consumers is at the
heart of many new Internet business models. Traditional
business models that place digital information as the
primary asset (through, for example, content download),
have largely failed to deliver due to the difficulty in
protecting value in digital goods. Providers of digital
services are now looking to create value by linking people
to each other and to locations (both real and virtual) in
such a way as to capture the popular imagination. These
new interactions exploit the needs of consumers to share
their experiences and thus create new channels for
revenue creation and advertising.

Systems that deliver new forms of social interaction and
experience are complex socio-technical structures
requiring a broad range of capabilities to acquire, process,
aggregate and present different types of multi-stakeholder
content. In this paper we present a set of technology
enablers developed to provide such capabilities and how
together they deliver key aspects of the Future Media
Internet (FMI). We describe how the enablers are used as
the foundation for experimentation and trials at the
EXPERIMEDIA Facility [1]. The EXPERIMEDIA
Facility is a Future Internet Research and
Experimentation (FIRE) Facility aiming to accelerate
research, development and exploitation of innovative

products and services that explore new forms of social
interaction and experience in mixed online and real-world
communities. EXPERIMEDIA provides three
complementary Smart Venues offering communities and
live events for trials conducted in real world locations.
The technology enablers form the essential element of
EXPERIMEDIA providing a baseline for experimentation
and enhancing infrastructure so that each venue shifts
towards the FMI.

2 MOTIVATION

Experience is at the heart of new economy [6]. For the
FMI to contribute, innovative applications and services
must be developed that support capabilities such as
enhanced personalised experiences, real-time social
interaction, non-linear story-telling, and greater levels of
immersion. Communication must be enhanced by rich and
augmented audio-visual, sensor and 3D content delivered
to virtual and real locations. Of course, these innovative
applications place significant demands on network and
content management infrastructures as providers attempt
to deliver guaranteed Quality of Service (QoS), enhanced
Quality of Experience (QoE) and Quality of Community
(QoC) to communities that dynamically organise
themselves around socially distributed, fixed and mobile
content.

Significant multidisciplinary challenges exist when
considering the interactions between social and technical
parameters, some of which are:

e Developing the diverse technical capabilities (e.g.
connectivity, access technologies) that are localised
to different types of venues, from large public arenas,
home entertainment systems to online virtual venues;

e Diverse content creation (e.g. 3D Internet, augmented
reality, social media, broadcast media) and adaptive
delivery processes that operate together across
combinations of environments; e.g., synchronisation
of hybrid broadband broadcasts with on-going live
events at a venue, where both spectators at the venue
and those with whom they are networked (locally or
remotely) may wish to share or experience the best
camera view out of hundreds available;

e Flexible up- and down-scaling of infrastructure
capacity to support ad-hoc and short-lived
communities during certain live media events;
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e Discovering ways in which media preferences can be
shared in real-time and synchronised between diverse
social groups no longer defined by presence at a
specific location but defined by network relationships
between social groups at a range of live or virtual
venues; and

e Large-scale management of mixed content
environments (user generated, digital TV, mobile
broadcasting) where everyone is simultaneously
playing the role of content consumer, content
producer and content mediator to provide virtually
enriched and personalised media services that can be
shared between members of ad-hoc social groups.

Addressing these challenges and developing successful
media services is a complex endeavour. It is essential to
provide a suitably featured testing and experimentation
environment that can be used to explore a full range of
system properties required by networked media systems.
Such systems build on a range of technology enablers
providing capabilities to support diverse content types and
lifecycle management approaches. Capabilities need to be
designed so that they can not only be composed and
integrated into larger systems supporting aggregated
information flows, but also so that they are generically
applicable to different applications and in consideration of
the social, cultural, ethical and environmental constraints
found in different locations. It is likely to be prohibitively
expensive for any individual organisation (especially
Small and Medium Enterprises) to develop and support all
the capabilities necessary. In any event, for such a broadly
based testbed to be effective and acceptable to those that
use it, it is essential that it is seen as being developed and
managed openly and independently of any specific
proprietary interest.

3 TECHNOLOGY ENABLERS

Technology enablers are software or service components
whose functionality allows users to achieve added value
through use, either by design (i.e. the purpose is known in
advance) or more frequently by openness (i.e. the purpose
is opportunistically established by the user). Technology
enablers are a key part of future innovation in
programmes such as Future Internet Research and
Experimentation (FIRE) [3] and the Future Internet
Public-Private Partnership (FI-PPP) [4]. Technology
enablers of the FMI must support a range of social, audio-
visual, pervasive and 3D content. Each class of content
has distinct characteristics, content lifecycles (authoring,
management and delivery) and platforms to support it.
Developing a new platform supporting all content types is
unrealistic and the approach must focus on developing
open interfaces to existing platforms that allow for greater
levels of interaction between information and control
flows.

We define a component model that focuses on different
content aspects within the FMI and have developed
implementation technologies supporting the lifecycle of
the specific content. Tools and services are provided that
support the mixing of different content types in the

delivery of user experience, where the content lifecycles
are managed within separate systems. Figure 1 shows the
component model for Social, Audio Visual, Pervasive and
3D content to which we add Experiment content
supporting all data related to the setup, execution,
monitoring, analysis and security of trials. A key element
of the components is that they are designed on the
principle of openness and transparency in terms of
observability, configuration and security policy. Each
component includes a structural (i.e. entities) and metric
model (i.e. QoE, QoS, QoC), and is instrumented to allow
deep measurements. Deep measurements are observable
system properties not normally exposed collectively.
These could include response times and interaction
logging in client applications and server load or frame
rates in infrastructure and services. The disclosure of such
information is essential for understanding the interplay
between different system components, along with the
observation of behaviours in larger composed Internet
ecosystems including communities.
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Figure 1: Technology Enablers of an FMI Testing Facility

The metric modelling framework is generic and supports
a range of potential measurements. The objects of
experimental observation (referred to as ‘Entities’) are
loosely coupled with the agent making the observations.
Entities themselves contain one or more Attributes that
are the subject of actual instrumentation and measurement
activity. Measurement data itself is logically structured
within Metric Generators (typically used to represent
metrics linked to a particular component or user). Further
organisation is offered through the grouping of sets of
measurements using one or more named Metric Groups.
A Measurement Set contains zero or more measurements
that are specific to a particular attribute; Metric Groups
may contain one or more Measurement Sets. The
semantics of each Measurement Set is defined by its
Metric, which in turn has a Metric Type and Unit of
measure. An agent interface supporting the metric model
and measurement is based on Advanced Message
Queuing Protocol (AMQP) and is available through Java,
Java Android, C#, C++ and Ruby. A configuration
interface is provided that supports set up and runtime
adaptation of some QoS parameters. A security model is
provided that describes authentication, access control and
how personal data is processed. The latter element is
necessary to assure compliance with  ethical
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experimentation and associated data protection legislation.

The capabilities of each component are described in more
detail in the following sections.

3.1 Social Content Component (SCC)

Social content is characterised by user generated content
produced by and consumed within online communities.
Photos, videos, comments and opinion is disseminated by
individuals to related friends using social networking
platforms. The SCC offers the capability to access social
content, explore social graphs, extract general social
knowledge (e.g. sentiment and controversy) and media
specific QoS/QoE for adaptive, efficient and personalised
delivery of experiences [5][6]. Using an open social API
experiments can navigate a user’s social profile in a range
of social networking platforms. The virtualisation of
social network APIs is important as although the
predominant network is Facebook, other online platforms
are used by target participant communities. A pluggable
social analytics dashboard is offered allowing different
algorithms to be incorporated with default algorithms
provided to detect individual and group preferences based
on attitudes, selections and beliefs. The dominant
attitudes, beliefs and communication ways of social
groups (rather than individuals) can be used to optimise
streamed, delivered or even transmitted media content. In
addition, the detection of the proximity of consumers to
content, similar behaviours and searching for popular user
generated content can improve media delivery, enhance
live streams, or augment information that is aligned with
preferences of consumers.

3.2 Audio Visual Content Component
(AVCO)

Audio visual content is primarily characterised by video
and metadata that’s streamed and consumed by
applications (i.e. players). AV content is produced by
professionals and wusers using content production,
management and content distribution networks. The
AVCC offers capabilities for all aspects of the content
lifecycle (acquisition, production, transcoding,
distribution, etc) and advanced capabilities for acquisition
and synchronisation between camera feeds, audio and
metadata, including matching exact frames from different
cameras; integrated automatic data collection and
management systems; and metadata annotation and
generation tools based on domain standards.

The AVCC is a general purpose component whose use is
applicable in a wide range of applications with high levels
of technical readiness. The system was recently deployed
for the 2012 Paralympics. The HD recording system
supports different audio-visual sources, a huge storage
capability and fast distribution to different endpoints.
Metadata synchronisation allows social content and
pervasive content to be annotated on audio-visual streams
and presented to consumers depending on personal
preferences. The metadata can be introduced manually or
automatically by pluggable video analytics or from other
sources such as the SCC or PCC. In some cases, like
music that is annotated on video, synchronisation is

essential. An important characteristic of the AVCC is that
it operates in real-time and provides augmented content
live to consumers rather than processing offline and return
results later. This capability is critical for applications
supporting live social and networked media interaction
and experience.

3.3 Pervasive Content Component (PCC)

Pervasive content is produced by mobile users and
sensors located in real-world environments. Human
sensing (e.g. biomechanics, physiology, etc), human
location tracking (indoors and outdoors), location-based
content, real-world community interaction models,
environment sensing, points of interest all characterise
pervasive content.

The PCC offers capabilities that collectively gather data
about a user's physical location, QoE, points of interest
and interactions. Physical location is used in both the
context of tracking a user's location and also as a means
by which Augmented Reality (AR)-based content can be
selected for delivery and user generated data can be
mapped to a spatial location. A pervasive gaming
platform is provided supporting the gamification of
activities and allowing for adaptive narratives and content
that’s customised for different experiences. The platform
allows professionals and users to co-create content, such
as a locative game integrated with the structure, narrative,
and content of the event itself. Users attending the event
can consume and produce content in real time using
Smart mobile devices. The unfolding events, as
experienced by users, can be adapted and orchestrated in
real time. Users primarily participate locally at the event
but can also contribute via the Internet, and synchronised
but distributed live events can be joined to provide a
common experience. The platform allows access to
content and services both before and after the event, thus
supporting community building and operation. Metadata
generated is published and can be used to annotate audio-
visual streams so that other participants can search for and
retrieve available content.

3.4 3D Content Component

3D Content is characterised by reconstructions of humans
and real-world objects as geometrics models. Many other
approaches exist such as RBG plus depth, stereo cameras
and multiview that claim to be 3D but actually only
deliver the illusion of 3D. These other techniques are
concerned with presentation

The 3DCC supports experimenters in acquiring and
manipulating 3D information from depth sensing devices
(e.g. the Kinect). Low, medium and high level capabilities
are supported. Low level functions offer depth images,
human skeleton and RGB acquisition. Several filtering
algorithms are provided to enhance depth measurements,
improve skeleton tracking and to calculate  various
biomechanical measurements (angles between bones,
human joints, body part surface areas, etc). Finally, a tool
is offered for avatar editing and avatar interactive motion
is provided.
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3.5 Experiment Content Component (ECC)

Experiment content is produced and consumed by
developers performing tests on FMI systems to
understand and gain insight into structure, behaviour and
performance. System configuration, system dependency
graphs, input/out data sets, testing procedures and
monitoring data all characterise experiment content.

The ECC allows a developer to set up, execute and tear
down tests on FMI systems deployed at different
locations. Mechanisms are provided to deploy services in
virtual machines and connect them together according to a
desired experimental configuration. Dependency handling
allows relations between sets of services to be specified
using service recipes and deployed on target hosting
platforms (e.g. targeting VM Ware machines or
OpenStack clouds, depending on the systems available at
the venues). The ECC monitors, derives experimental
data from, and manages the system under test through
integration with the ECC API. The ECC elicits QoS, QoE
and QoC data from the other components and delivers it
to the experimenters so that they can analyse the
behaviour of technical systems in relation to user
experience. The ECC manages the delivery of monitoring
metrics that are stored and available for both live and
post/batch analytics. Monitoring agents are available for
services, mobile clients and web applications. A
dashboard is provided leading developers through an
experiment lifecycle that includes setup, live monitoring,
analysis and tear down.

4 COMPOSITION PATTERNS

Composition Patterns are standard ways that technology
enablers can be used together to investigate new forms of
social interaction and experience. We define a set of
important patterns to help experimenters understand how
the components of the facility can best support their
experimental objectives and to provide stimulus for new
ideas.

The 1 pattern, “Instrumentation and Observation”,
focuses on instrumentation of technology enablers. Each
component is described in terms of metrics (QoS, QoE
and QoC) associated with their specific content domains
(social, audio-visual, pervasive, and 3D) and is required
to generate measurements of these metrics during the
runtime. Additional infrastructure metrics regarding
infrastructure performance are generated by hosting
components such as the Cloud Manager (e.g. compute,
storage and networking). All metrics assist experimenters
in understanding the behaviour of the system in terms of
both technical performance and user experience. For
example, the AVCC generates metrics related to AV
streaming such as frame rate, frames dropped, video

quality, etc. When combined with networking metrics (e.g.

bandwidth, latency, etc) an experimenter can study the
network characteristics necessary to deliver a certain QoS
(e.g. 25 fps, HD with a 1/1000 frames dropped) to a group
of consumers. This is standard, although not simple, and
undertaken initiatives such as ITU QoE study areas (e.g.

ITU-R Rec. BT.500-11 provides methodology for the
subjective assessment of the video quality)
frame rate

frames dropped
video quality

AVCC

hot topics

scc influential users

Figure 2: Correlating between discussion topics and
delivered content

FMI technology enablers must focus more on how
different content, aggregations of content and social
interaction affect experience. With each Content
Component generating metrics, experimenters can begin
to correlate monitoring data between components. For
example, navigating to a certain location in virtual world
may create a popular discussion in a social networking
group. By identifying popular discussions and looking at
which point in the story/presentation (e.g. seeking a
specific time point a recorded video stream) these
occurred, the experimenter can begin to understand why
specific events cause specific outcomes in the target
community, and if necessary initiate a deeper analysis (e.g.
direct user evaluation) with the community on these target
areas. Changing the narrative after the production would
be considered a “design” phase adaptation. However,
increasingly we envisage adapting the narrative during the
production based on emerging profiles and interests of
social groups and how they react to the content being
delivered. In this case rather than undertaking a post
analysis of the metrics we could automatically annotate a
video stream with metadata indicating points of
interest/questions associated with the content. The
Content Author could then adaptive the narrative based on
discussions, questions, or votes for more information by
reviewing an annotated stream timeline.

The 2™ pattern “Mixed Information Flows” focuses on
how content from each component can be orchestrated in
information flows as part of a new experience. Examples
include:

e Annotating video streams (AVCC) with metadata
from social networking trends (SCC)

e Annotating video streams (AVCC) with metadata
derived from sensors (PCC)

e Adapting the narrative of a pervasive game (PCC-
Creator) based on social networking trends

e Reconstructing people in physically different
locations (3DCC) in a single virtual location

An interesting element is how by mixing the content
between different platforms, the experience and technical
performance changes in each component. For example,
does changing the narrative as a consequence of the social
networking topic reduces the discussion on the social
network because the focus of attention is has changed?
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Figure 3: An integrated view of EXPERIMEDIA based on
Experiment Composition Patterns

It is critical that technology enablers be offered with an
integrated view based added value composition patterns
(See Figure 3). Here we show how all components can be
used together in an FMI system. The PCC orchestrate the
narrative (control flow is the dotted lines, data flow is the
solid lines) for the gamification of activities. As such, the
PCC can initiate controlling actions such as recruiting
user populations through information dissemination in
social networks, delivering popular video sequences to
specific communities and acquiring 3D representations of
objects and people. With all components instrumented
using a behavioural model resulting metrics generated are
acquired by the ECC and available for real-time and post
analysis.

S RESULTS

The technology enablers have been developed as the
baseline technology of the EXPERIMEDIA facility.
EXPERIMEDIA offers a new approach to European
testbed provision by providing a facility with the four
foundation elements necessary for socio-technical
experimentation of the FMI conducted in the real world:

e Smart venues: attractive locations where people go to
experience events and where experiments can be
conducted using smart networks and online devices;

e Smart communities: online and real-world
communities of people who are connected over the
Internet and available for participation in experiments;

e Live events: exciting real-world events that provide
the incentives for individuals and smart communities
to visit the smart venues and to become participants
in experiments;

e Baseline technology enablers: state-of-the-art Future
Internet testbed infrastructure for social and
networked media experiments supporting large-scale
experimentation of user-generated content, 3D
internet, augmented reality, integration of online
communities and full experiment lifecycle
management.

EXPERIMEDIA has three complementary venues with
each offering different experiences, live events,
stakeholder ecosystems and scale [5]. The venues include
Schladming Ski Resort, Austria; CAR High Performance

Training Centre, Spain; and Foundation for the Hellenic
World, Greece (See Figure 4)
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Figure 4: EXPERIMEDIA Smart Venues

The technology enablers have been verified and validated
in nine experiments, three at each venue. Topics for
experiments included:

e Visitor planning using interactive video and situated
augmented displays [8]

e Content sharing
communities [9]

in hyper local and temporal

e Improving athletes’ performance through real-time
3D motion capture using non-invasive and wearable
sensor technologies [10]

e Remote sports training using augmented reality 3D
video conferencing tool [10]11]

e Participative battles and wars in human history using
gamification and immersive technologies [12]

e Personalising users’ experiences inside a museum
based on cognitive styles [13]

Each experiment was designed to deliver value impact to
both participants and venue stakeholders through the use
of the enabling FMI technologies. Not all enablers are
relevant to every experiment but two or more enablers
have been used by each experiment. Important lessons
have been learnt from the first phase of experiments.
Firstly, technology maturity assessment is an essential
element of enabler development and use. A balance must
be struck between reliability and innovative features.
Putting technology into realistic contexts to be evaluated
by participants at scale requires Technology Readiness
Level 7 [14]. In addition, due to the openness of use by
experimenters it’s essential that during experiment design
System Readiness Level be assessed to determine
maturity of a specific integration of components [15].
Where maturity levels have not been achieved, it is not
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cost effective to scale up until deficiencies have been
remedied. Secondly, a clear model of capability
deployment and delivery must be established early, so
that experimenters are clear on the scope of their
responsibilities for systems integration and operation.
Where possible, capabilities should be delivered as
services rather than software distributions installed by
experimenters to reduce the cost of experimentation. This
decision has consequences for the providers of technology
enablers in terms of responsibilities. Providers of
technology enablers may become service providers active
within trials and must take operational (e.g. delivery of
QoS) and legal (e.g. protection of personal data)
responsibilities. Finally, sustainability is probably the
most critical factor,and access rights to the technology
enablers are essential in realising the value impact from
experiments. Experimenters depending on technology
enablers must be presented with a route to market that
either incorporates commercialisation of the enablers or
offers alternative paths through standards compliant
implementations. Failure to address these concerns
creates barriers to adoption and reduces the potential
benefits of the technology enablers.

6 CONCLUSIONS

In this paper we have presented a set of technology
enablers for the FMI that can accelerate research,
development and innovation in products and services
targeting new forms of social interaction and experience.
The enablers have been structured so as to support
different classes of content being acquired, managed and
delivered by platforms. Patterns of integration between
enablers have been established so that applications and
services can create advanced information flows that mix
classes of content to create augmented presentations and
experiences. The definition of composition patterns helps
experimenters understand how the components of the
infrastructure can best support their experimental
objectives. The enablers have been verified and validated
through a series of trials conducted at the
EXPERIMEDIA  facility = demonstrating  generic
applicability in different application and localisation of
the enablers to environment, social, legal and ethical
contexts. The availability of advanced technology
enablers with well-defined composition patterns, deep
instrumentation of QoS, QoE and QoC linked to value
impact, and the ability to be localised to different real-
world contexts reduces the complexity of developing and
evaluating innovative FMI systems.
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Abstract: Interactive videos where objects are enriched
with additional information have several important
applications including e-commerce, education and
gaming. However, the production of such videos is
difficult and costly due to the lack of tools to
automatize the necessary tasks. In addition
broadcasting such videos still remains an issue as
current video players do not incorporate the
possibility to add supplementary media content. In
this paper, we present OnEye, a framework that
allows video producers to make objects clickable in
their videos and to easily incorporate additional
content to the video. The framework consists of
different tools that support the creation of such
enriched media along the production chain up to the
visualization by the end-user. The technologies involve
state of the art tracking methods and intelligent user
interface, as well as web-based player capabilities. We
present an application scenario based on online
shopping.

Keywords: Interactive videos, clickable videos,
embedded advertising.

1 INTRODUCTION

Digital video is the driving force behind the expansion of
the webTV, IPTV and the new "Generation Mobile". To
cope with actual trends, non-promotional and affordable
collections of digital videos should be made attractive to
the user. The new way for advertising arises rather from
the placement of products within a scene, leading to a
replacement of the classical TV commercials. This
activity is already used in television and cinema and is
known as "product placement". Thus, the watching
experience is not interrupted, and still the products are
presented to the audience. The next development step is
called "embedded advertising": an object within a scene
“contains” the advertisement, and the viewer can select
the object in order to view additional information (such as
product photos, specifications, etc.), and may also order
the article. This combination of embedded advertising and
e-commerce is referred to as t-commerce. But the
successful application of this business model presupposes
a good use of the technology of object tracking within the
digital video to track over longer sequences and to allow
selection by the viewer.

In this paper, we introduce tools to create such enriched
video content and to present them to the audience in a
specific way. We show that a vision based object tracking
can help in the generation process, but also that an

Figure 1: The three components of the OnEye system:
OnEye Creator, OnEye Videos and OnEye Player.

interactive process is necessary. Furthermore, we present
a new video player capable of reading enriched video
content over the web. Our technology called “OnEye” is
composed of three elements (see Figure 1): OnEye
Creator is a web-based software that allows for editing
standard videos, tracking objects and creating hyperlinks
for tracked objects. The outputs of OnEye Creator are
enriched videos that we call OnEye Videos. They contain
encrypted supplementary information in form of an XML
file. These videos can be read by a specific player called
OnEye Player, which is available for Desktop, Tablets
and Smartphones.

The remainder of the paper is organized as follows: In
Section 2, we review existing systems and discuss the
requirements of a production tool for interactive videos.
We then present the software OnEye Creator in the light
of the provided tracking methods and the intelligent user
interface in Section 3. Section 4 presents the Videos and
the Player. We present the results of our evaluation in
Section 5 before concluding and addressing future work.

2  RELATED WORK

In the recent years a lot of effort was put into creating full
automatic object tracking approaches. An overview can
be found in overview works like [1, 2] or tracking
evaluation works like [3, 4]. By contrast, only very few
works addressed the problem of semi-automatic tracking,
although full automatic tracking is still not reliable
enough for many practical applications. One semi-
automatic framework is presented by Bertolino et al. [5].
Their tracking algorithm is segmentation based, and it can
create very accurate results with exact object borders, as
long as it tracks correctly. The user’s task is to initialize
the segmentation and to correct it if it gets erroneous over
time. To fulfil the task the application provides the user
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several frame based editing tools. Further semi-automatic
segmentation based tracking approaches that work similar

HEB MIL Track (st S

FBF P-Churee (Iterpolaed S6)

Figure 2: The Graphical User Interface

can be found in [6] and [7]. For these approaches
however, a complete segmentation of the object has to be
provided, which is often not necessary for clickable
videos, and needs a time-consuming human supervision.
In our approach in contrast, we optimize the time
consumption by providing intelligent tools in order to
minimize the wuser interaction while guaranteeing
verifiable correct results. Actually, the requirements for
producing reliable clickable videos are quite different
from the requirements of classical object tracking. In the
object tracking literature, researchers implicitly aim at
solving the full-automatic tracking problem, which can be
defined as follows: given one single view of an object of
interest (usually in the first frame of a video sequence),
follow this object throughout the sequence despite
possible appearance changes. Results of such papers
usually show that in some cases it is possible to follow an
object for a time frame ranging from a few seconds to a
few minutes. Benchmarks [4] have shown that no tracker
is able to track reasonably every sequence, and the best
trackers can count on a success rate not exceeding 80%
(and less, depending on the sequence). In the production
of clickable videos in contrast, the requirements are
reversed: the result must be 100% correct, whatever it
costs. This means that at least a last verification by a
human user is indispensable before validating the results.
In our approach, we make use of this human intervention,
but recognizing that human resource is costly, we
explicitly aim at minimizing user interaction while
guaranteeing perfect results. Existing applications like
Clikthrough [8] or VideoClix [9] use manual intervention
and sell video processing as a service (pay-per-video).
WireWax [10] is the only currently available video
edition software that allows for interactive object tagging.
In this software, faces are automatically detected and
tracked, but the tracking of other objects is difficult due to
the lack of user intervention and validation. Our system
aims at bridging the gap between automatic tracking and
full manual tracking by providing the right tools to the
user.

3 ONEYE CREATOR
3.1

Object multiple selection and

tracking

In this section we describe our video edition software for

object tracking, OnEye Creator. The software consists in a

server-side application and a web-based client. The client
4 i i .

Figure 3: The sequences used in the evaluation. From top to
bottom: “Lemming”, “Liquor”, “Board”, “Faceocc” and
“David”

implements the graphical user interface, and the tracking
algorithms are running on a distant server. Figure 2 shows
the graphical user interface for video edition: In the upper
half, the video is shown as in a standard player. A
timeline allows the user to seek a given frame or to play
/fast forward or rewind the video. The user then has the
possibility to provide examples of the considered object in
one or several so-called reference frames by simply
drawing a bonding box around the object of interest. We
call the frames where the object has been selected by the
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user user-specified frames or USF. Note that the user
will usually provide several USFs for a given object over
the full sequence. This contrasts with classical automatic
tracking, where the user usually provides only the
position of the first frame of the sequence. This allows us
to develop advanced tracking strategies that exploit the
multiple user input.

Once a sufficient number of USFs have been entered by
the user, automatic tracking can take place. We have
implemented 6 of the best state-of-the art object trackers
in the system in a modulable way, so that more and more
trackers can be added to the system. The available
trackers so fare are the following: General methods. The
general tracking methods we implemented are an object
detection-based methods that builds upon the idea of the
P-Channel representation [11], a modified version of the
MILTrack algorithm [12] (with HAAR and HOG
features), Visual Tracking Decomposition (VTD) [13]
and Circulant Structure with Kernels (CSK) [14].
Additionally, we implemented two specialized methods:
the first one is a color based tracker that is extremely
reliable if background and foreground can be separated,
and the second other one is a blob tracker that works only
with static background.

3.2 Necessity of a multi-tracker
approach

We conducted a study with standard sequences in order to
characterize the different trackers and to evaluate the
feasibility of tracker selection. The results of the
evaluation are detailed in Section 5. The outcome of the
evaluation showed, that no existing tracking algorithm
was able to track successfully an object automatically in
all the sequences. Some trackers seem to be specialized
for specific cases, and some sequences are too complex to
allow for automatic tracking. However, in our application,
we are seeking guaranteed 100% correct results. We
therefore implemented all trackers in the software and
allow the user to try many trackers at the same time for
object tracking. It is convenient to use different trackers
on the same sequence, and we have developed an
intelligent tracker fusion mechanism based on an adapted
majority voting that can automatically select the best
tracker among the tested ones to ensure better tracking
results.

3.3 Exploiting multiple user input

Because the user can select the object to track several
times over the complete sequence, we have an advantage
over standard automatic tracking methods. We currently
exploit this advantage as follows: we first split the
sequence into subsequences starting at a USF and ending
at a USF. For each subsequence, we can apply one of
these strategies: (1) Track forward from the starting USF
until the middle of the sequence and backward from the
ending USF until the middle of the sequence. This proves
to add robustness when compared with standard (single-
direction) tracking. (2) Track forward until the end of the
subsequence and backward from the end to the beginning

and compare the outputs of each direction. We then alert
the user with a color-coded timeline whenever the two
directions tracks differ, and he/she can add more USF in
the differing parts. (3) With multiple USFs, we can
interpolate the trajectory of the object between USFs
using a 2D B-spline. Here again, we use a color coded
timeline for indicating compliance (green) between the
interpolation and the track or differences (red). The user
can then rapidly go to the timeframe where interpolation
and track differ in order to add one or more USFs in the
critical timeslots. Thus, the user can iteratively converge
to the correct track. Once the user is satisfied with the
results of a tracker, he/she can validate a single frame or a
range of frames. These validated frames are called user-
validated frames or UVF. Here again, a color code on
the timeline of the video easily show which parts of the
sequence have been successfully processed, and which
ones remain to track and validate. The goal is to validate
all the frames of a video sequence.

3.4 Exporting tracking results

The procedure of interactive tracking can be repeated for
as many objects as wanted in a given video sequence. For
that, the user simply chooses “new object” in the menu of
the software and can start to define the track of the second
object. Once all objects of the sequence have been tracked,
the results can be exported to an XML file that stores for
each frame and each object the position of the bounding
box of the object. After exporting, the video file is
enriched with extra information about object location that
can be used for making clickable video.

4 ONEYE VIDEOS AND PLAYER

An OnEye Video is a video file that contains the location
of one or several objects over the sequence as
supplementary information. In the current version of our
software, this information is encoded in a separate XML
file, but in future versions we will encode it directly into
the video file. In order to use this information, OnEye
Videos can be played in a specific Player — the OnEye
Player. Our player is implemented in HTML5 and
Javascript and can play the video in the same manner as
the standard players, while providing the extra possibility
to interact with the selected objects by clicking on the
object. Once a click has been detected on a pre-defined
object, an event is launched — usually the video pauses
and an object-specific information is shown on or besides
the video. In our prototype, this is implemented by adding
an URL to each object in the accompanying XML file.
When an object is clicked, the URL of the object is
opened besides the video in a mini-browser. This solution
is generic and allows for different kinds of content being
loaded by clicking.
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Figure 5: View of the OnEye Player in a commercial scenario

5 EVALUATION OF EXISTING
TRACKERS

The first idea of the project was to select the best possible
tracker for generic object tracking in video sequences. We
therefore implemented and evaluated different state-of-
the-art tracking methods and compared their output on
different representative sequences.

For this experiment, we took 5 sequences usually used for
tracker evaluation: “Lemming”, “Liquor”, “Board” from
the PROST Dataset [15], “Faceocc” from the FragTrack
Dataset [16] and “David” from the IVT Dataset [17] (see
Figure 3 for exemplary frames from these sequences). For
each sequence, we tracked the object of interest with all
the following methods: MILTrack with HAAR features
(HAAR), MILTrack with HOG features (HOG),
MILTrack with both HAAR and HOG features
(HAAR+HOG), MILTrack with Color HOG features
(CHOG), MILTrack with HOG features without online
learning (only the first frame is taken into account in the
appearance model)(HOGffo), P-Channel and VTD. The
result of tracking is shown in compliance diagrams: for
each frame we measure the compliance between the
bounding box found by the tracker B, and the ground
truth GT by computing the overlap as follows:
_ Btrack NGT

* ™ Beraer UGT

The diagrams in Figure 4 show in the x-axis a threshold
of the overlap o and on the y-axis the percentage of
frames of the sequence that attain at least an overlap of
value o. If we take an overlap threshold of 0.5 or 0.6, we
see in these experiments that the tracking algorithm that
works best for a specific sequence usually performs poor
on other sequences, and that no single tracker produces
acceptable tracking results for all the sequences. It was
therefore necessary to adopt a strategy where many
different trackers are used, with an intelligent fusion of
tracker results as well as a user-initiated validation.
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Figure 4: The sequences used in the evaluation. From top
to bottom: “Lemming”, “Liquor”, “Board”, “Faceocc”
and “David”
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6 CONCLUSION

In this paper, we presented OnEye, a framework for
producing and broadcasting clickable videos. The system
comprises a web-based video editor that allows for object
tracking with user interaction in order to guarantee correct
results. The time required to produce the tracks is
optimized thanks to tracker fusion techniques and fast
validation process based on interpolation techniques. The
outputs of the editor are so-called OnEye Videos that
contains the tracks of one or several objects of interest.
These videos can be played in a generic player called
OnEye Player that reads the tracks and transforms clicks
into events. Such an event can be the opening of a mini-
browser showing a webpage where the object can be
purchased. In future work, we plan to further investigate
our fusion strategies in order to validate the automatic
choice of the best tracker.
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1. Introduction

The aim of this paper is to show how a prototypal
system, designed as a general purpose stand-alone
content curation tool could be evolved by following
some alpha user’s feedbacks to an comprehensive
multi-service platform. The widespread diffusion of
mobile devices, such as smartphones and tablets as
long as the availability of mobile wideband services
are increasing day by day the number of players in
the ICT Market.

In such a scenario, following the user needs
becomes a critical issue, since it is likely for the
users. to find products and services quite similar to
the one you are offering, better fulfilling their needs.
KOKOO  (KOntent + KOO(Uyration) is a
comprehensive platform made by Telecom ltalia
R&D division.

It is a solution for solving the growing content
provider needs to find new and most interesting
news to offer to other users on different media,
aggregating them in a personal journal with a similar
look and feel. Chapter 2 will show the old system
(presented also at Nem Summit 2012 showcase),
chapter 3 will present user feedbacks and chapter 4
will show the new system and all of its aggregated
services, stressing how this was designed by
following user feedbacks.

2. The Old Content curation
Service

The first content curation tool, shown at Nem
Summit 2012, was developed in order to offer the
users a platform to create their personal journals by
means of aggregating content coming from different
sources. The initial implementation included twitter
and Youtube as sources. Afterwards the code
structure was redeveloped in order to make simple
for the developers to add other new sources and as
a proof of concept, Virgilio and OkNotizie, two Italian
news providers were added to the curation tool.

The idea was rather simple. An editing environment
composed of a dashboard and a simple search box.

Typing the keyword on the search starts the search
over the enabled sources, each “found” news is
“normalized” to a standard format called “nip” and
by simply dragging and dropping the nip on the
dashboard, the news is added to the journal.

Concerning the view of the journal, the layout is
automatically computed basing on the number of
articles inserted in the journal.

From a service perspective, the idea was to give the
user an environment to build and share their
personal journals. Moreover, we were trying to
develop dynamic queries, a mechanism of automatic
journal generation on a topic base, an interesting
use case in which the user sets the system so to
build up a journal on a specific topic with the first n
news from the x source.

The next figure shows a snapshot of the old
interface.

CONTENT CURATION
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Figure 1 - The old tool’s interface

3. Alpha User’s Feedbacks on
Content Curation

As long as the first prototype evolved, we felt the
need to check whether the application design
performed by IT experts fits well with the final user
needs or not.
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Following the approach theorized in the User
Centered Design paradigm, two focus groups were
performed aiming at verifying the acceptability of the
application, its easiness of use and its pleasantness.

Both focus groups were organized with users
belonging more or less at the same age. The first
group was for young people with ages spacing from
16 to 24, while the second group was composed of
adults aged 35-45.

The results was that for this kind of users, the
platform as it was built, was almost useless. It
seems that users did not feel the need to build their
own journal to share with friends on a specific
platform. The idea to create a newspaper just for
himself to read all alone was perceived quite useless
and a bit complicated. Users have considered
instead that build a newspaper with others
collaborators would be very helpful and could meet
the needs of organized groups (such as. Companies,
associations, etc ...) with the necessity to create
content and spread news. Almost all of the users
evidenced the strong need to share whatever to
online social networks such as Facebook or Twitter.

Very positive on the other hand was assessed the
possibility of having an intelligent news aggregator
that would allow people to select, automatically and
with little effort, relevant news about topic of
interest. To be able to have multiple sources in
parallel in searching content seemed very useful and
enriching, so that our platform, for users
interviewed, had a benefit compared to other types
of services available.

The perception of this service was quite different
from the expected one: users expected the system
to make something for them, rather than the
contrary. The Service profile described by the focus
groups was something standing in the middle
between Pinterest and Flipboard, that is why we
decided temporarily to abandon the “general” user
target for the curation system.

We then tried to understand if an (even modified)
version of the tool could suite someone else needs
and so we could point out that such a tool could be
of interest for users needing to produce content
quickly to send to other users. Our new target was
then made of bloggers, editors, TV provider aiming at
broadcasting additional content quickly and so on as
if being a content producer could be the way to
overtake the natural user expectation of a system
“making things” for the user.

4. The new KoKoo tool

Since the focus groups and alfa-user testing had
shown that this service seemed to be more suitable
for users who were “expert” in aggregating and
dealing with content. Our idea was to evolve it into a
comprehensive “backend” platform, integrated with
other services developed or in development in
Telecom ltalia, a platform in which the final user is
standing on a different level with respect to who is
using the platform.

Kokoo is a tool that emphasizes the aspect that
gives more importance to the content curation,
unlike automated services (e.g. Google News), that is
the human nature of who is the content curator: in
fact, it offers to the user a complete tool to search
and find quality contents in line with what user
wants, by using multiple sources at the same time,
social networks (Facebook, Google+, Twitter) and
the web in general, an important aspect for our new
target.

Contents are listed for their intrinsic value,
calculated according to several social and internal
parameters: once selected, and customized if
necessary, they are aggregated in social journal,
easy to share on various social networks, and
automatically saved on the platform. The web
platform architecture is shown in the following figure
2 below.
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Figure 2 - Kokoo internal architecture

In the current web content's generation and curation
scenario, Flipboard seems to be the only
competitor, but besides the possibility to create
personal journals, belonging to both platforms,
Kokoo enhances the user experience by its own set
of APIs: in fact, the creation of social newspapers is
extended with other specific services.

Users can publish a newspaper with a specific
summary, generated by a powerful algorithm
carefully designed, They can compose articles using
several sources of information; not only those
related social network but also TV programs watched
in real time and blog articles from around the world,
enhance the lessons in a class with interactive
content made available by the teachers.
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At The time of writing, there is no content curation
platform used in the public administration: Kokoo
will also be a tool to generate information content
made available by the government to the citizens of
their communities, with the main aim of making
more active the figure of the people within the
institutions themselves.

User searches contents by using a module called
Search_app, composed of two sub-modules whose
activation depending on whether the user is adding
news to its journal by using the platform or the
bookmarklet. The first sub-module uses social
network APIs (Facebook, Google+, Twitter) to collect
information on a specific topic while the second just
allows the user to add to his social journal the
content of the web page who is visiting.

Moreover, the platform has been designed to show
to the user the latest social contents according to a
specific order (using a caching engine and a ranking
algorithm specially studied), on the basis of the most
influential hashtag during day.

Once the contents have been added to the social
newspaper, the core module of Kokoo, called
Journal_app, organizes them, caring on graphics and
persistence of the same newspaper within the
platform. The final output will be the complete social
journal, accessible directly on Kokoo and on various
social networks.

Kokoo has been redesigned with the role of

middleware in a more complex system, whose
architecture is shown in figure 3.
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Figure 3 - Overall System Architecture, Involving Kokoo.

On the one hand, the modularity that characterizes
the web platform makes easy adding external
services (e.g. EarnSharing) that can enrich the user
experience throughout the process of content
curation.

Moreover, using a set of proprietary APIs, the ability
to interface Kokoo with other platforms such as
SocialTV, the Social eLearning and Social PA is an
advantage in terms of quality of contents produced
and in terms of the degree of contents' integration in
the social panorama.

As we said previously, the platform is interfaced with
many different services that are going to be
described in the next paragraphs.

4.1. KoKoo for Social TV

In a social TV scenario, Kokoo will be used by the
broadcaster to quickly produce content to send on
tablets running a second screen application synced
with specific programs. Social Journal on second
screen can give an hint of the most interesting social
reactions to a TV program.

4.2. Kokoo for Social eLearning

In this scenario KoKoo acts as a content creation
platform for school material. Internet and social
networks, can be a rich environment for finding
teaching content, teachers and students can search
on Google, Wikipedia, Youtube, Twitter, Facebook
etc. articles, videos and general contents related to
the topic they are studying at school. Using KoKoo
platform their can create collections of related
content that can be exported as e-book and used as
studying material.

4.3. Kokoo and EarnSharing

Earnsharing is a platform allowing authors of
multimedia content to get money from the viral
diffusion of content on online social networks.
Money earned are shared between both the author
and the people who shares the content. Kokoo has
been integrated. Kokoo uses earnsharing repository
in order to increase the number of sources available
in kokoo.

4.4, Kokoo and “Riassunti Web”

Riassunti Web is a tool developed in a project work
financed by Telecom lItalia. It is basically a tool to
summarize sets of content with a common topic by
extracting statistically the most important topics. It is
interfaced to Kokoo both as a summarization tool for
a single journal and a tool to summarize a set of
news coming out from a search keyword.

4.5. Kokoo and “Social PA”

Kokoo has been presented to subjects belonging to
the public administration. It will be a backend tool
for the public administration in which someone will
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build a journal with specific news to be broadcasted
to citizens via a specific apps, especially containing
news about events etc.

4.6. Kokoo and “TellMeFirst”

We are working to integrate our platform with third
party semantic service, called “tellmefirst” [http://
tellmefirst.polito.it]. This service, which was
developed externally with a funded tutoring program
by Telecom Italia is now released as open source.
The service actually trying to understand the seven
main topics in a text by performing queries on
semantic databases.

5. Conclusions

5.1. KoKoo business model

The main KoKoo business model is based on
advertising. Collecting user usage data, profiling and
clustering users with similar interest (you can get
this kind of information analysing content, keyword
and main arguments of selected articles or joined
journals), you can provide different and user centric
advertising. Like traditional and printed journals or
more recent social network business model,
advertising is one of the most important kind of
revenue on content curation system.

The model could be more intresting and innovative if
adverting revenue is shared among different players
in the content provisioning chain: the platform
provider, the content creator that create the content
and the curator that select, collect, share and

promote the content. This kind of model encourage
users to create and collect articles. Each click on an
advertise on a curator’s journal make a gain that is
shared among the players.

Thinking about specific context environments,
KoKoo could be a good backend platform for
producing content at support of other kind of
services.

In an educational environment for example, teachers
can use KoKoo for selecting and producing content
for their students. In a Public Administrations
environment KoKoo could be used for collecting and
producing content information for citizens and in
very similar manner in entertainment marketplace
could be used for producing and collecting contents
from different sources but related to the same
event.

In those scenarios, acting as a back-end platform,
KoKoo could be provided as ‘software as a service’
business model requiring a feed for using the service
for a defined period of time (i.e per month, year) and
numbers of users that can use the platform as
content curator.

This experience shows how a prototype must always
be kept under discussion, until its very last release
to the final users. The first “content curation” tool
was quite an advanced prototype, advanced both in
terms of development and technologies used, but in
fact the user always has to be put in the center of
the development process. On the other hand, even a
negative indication coming from the final user, does
not mean necessarily that a project must be trashed
and forgotten: usually an innovative, well designed
tool naturally has its own space, the challenge is in
finding the right customers to turn a prototype into a
real service.
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Networked Visualisation in Professional
Markets: Prospects & Challenges

Augustin Grillet
Barco nv, President Kennedypary 35, 8500 Kortrijk, Belgium

E-mail: augustin.grillet@barco.com

1 INTRODUCTION

Recent technological advances in computing, internet as
well as software technologies are opening new ways to
perform  visualisation  functions in  networked
environments. This brings exciting opportunities for the
development of new products and services, as well as new
business models. Yet, professional markets have specific
requirements that need to be understood and carefully
addressed if one wants to take full advantage of these
technological advances.

In this paper, we review recent developments in the
industry and highlight a couple of open challenges
requiring, to the authors’ view, further R&D and eco-
system innovation. Barco is a technology company
headquartered in Kortrijk, Belgium and a worldwide
leader in professional visualisation markets.

2 MARKET & TECHNOLOGY TRENDS

Since the first market introduction of flat panel displays
and micro-display light valves, display —and related-
technologies have continuously progressed to a point
where the possibilities to differentiate based on image
quality attributes (e.g. size, brightness, contrast, resolution,
frame-rate, colour gamut, etc.) are becoming increasingly
tiny. Indeed and for a significant portion of end
applications, visualization products are already today
being primarily benchmarked based on their ability to
intuitively ease end-user interaction as well as
collaboration between local or remote users.

Such a trend, already common in consumer markets, is
now largely impacting professional applications, beyond
the pioneering Broadcast market. Markets such as
Healthcare, Security & Control, Digital Signage, V&AR,
Entertainment and Education are offering a myriad of
relevant use cases, from e.g. telemedicine to IP video-
surveillance and collaborative research, design &
engineering.

Meanwhile, the Internet and its associated hardware,
software & services have approached a level at which it is
becoming possible to transport and manipulate very high
quality video in real-time, in a more cost effective way.
As a result, the full arsenal of IT related technologies can
now be applied to high-end multimedia applications and
commodity IT components can be used for applications
that have traditionally been served with proprietary &

very dedicated hardware solutions, typically running on
closed networks only.

Last but not least, regulations on environmental
compliance of IT & visualization equipment are
becoming stricter, and strategies to reduce power
consumption need to be rightfully balanced with
workflow requirements of the end-users.

3 EXAMPLES OF RECENT ADVANCES
FROM THE FIELD

3.1 Digital Operating Rooms

The Healthcare sector has to cope with an increased
shortage of medical resources, leading to a growing need
for collaboration between hospital campuses, but also
between hospitals and other remote locations (e.g.
universities, doctors’ or patients’ homes, etc.). At the
same time, pressure on reducing total cost of ownership
and/or maximizing equipment availability calls for more
integrated and remotely manageable image distribution
systems. Together with healthcare integrators and
hospitals, Barco is currently experimenting the
introduction of IP technology in the Operating Room (in
place of historical AV equipment), with the recently
developed Nexxis solution', a full IP-based system for
near zero latency (using raw uncompressed format)
distribution of video, audio and computer data within the
same or multiple operating rooms in the hospital (this
innovation was partly developed within the ITEA2 project
MEDIATE?).

3.2 Collaborative Meeting Rooms

The need to improve meetings productivity is a widely
shared requirement over many industries. Efficient &
reliable collaboration tools are those that can be hassle-
free to the user when being operated, either locally or
remotely. The new ClickShare’ concept of Barco has been
developed as part of a regional funded R&D project to
address both wireless streaming and simple user
interaction aspects of screen sharing within meeting
rooms, and since introduction in 2012 has won several
market/innovation awards. The challenge is now to bring
the same level of experience to more demanding use cases,
e.g. multi-sites collaborative design reviews meetings,
during which high resolution and stereoscopic content
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(e.g. CAD model, geo-seismic 3D maps, etc.) mixing
graphics, videos, voice and data has to be seamlessly
exchanged over public networks or dedicated optical fibre
links, and involving remote users.

3.3 Digital Cinema

Multimedia content streaming to cinemas using public IP
networks and bandwidth reservation mechanisms was
recently experimented within the FI-CONTENT FP7
project’ (part of FI-PPP), as a possible new feature for
extra value creation within the digital cinema eco-system.
Real time access to cinema distribution locations, besides
reducing the operational costs, will enable new business
models for the creative industry, from independent
producers to local advertisers and to exhibitors
themselves (e.g. interactive cinema, business events, live
sport or music event streaming, etc.). One of the biggest
technological challenges will however be in enabling
cinemas to manage real-time workflows, in place of today
only scheduled workflows.

4 CHALLENGES AHEAD

4.1 System performances vs. cost of
bandwidth

The rise in image resolution, dynamic range and frame
rate is constantly pushing the limits in terms of bandwidth
requirements. Along with cinema & broadcast, many
industries are embracing high resolution formats at 4K
and beyond, sometimes in combination with high frame
rate, e.g. for displaying stereoscopic 3D content. For long
limited to 8-bits, new applications such as automotive
design (V&AR) are now building on 10 or even 12-bits
color depth for highly realistic imaging & visualization.
The ultimate demand in bandwidth will however certainly
come from the wide deployment in the future of
applications making wuse of full resolution auto-
stereoscopic or multi-views 3D formats, a development
expected to take place within the next decade.

To compensate for the increase in data, new video codecs
such as H.265 are getting these days lots of -duly
deserved- attention, yet similar developments need to take
place also on the graphics side, targeting in particular
RGB codecs with 4:4:4 color mode. Nevertheless, not all
applications can tolerate compression, e.g. for
certification reasons (notably in safety critical
applications), and therefore also for this reason significant
decrease of the transmission cost per bit/s should be a
prime target of the networking industry.

4.2 Interoperability

Just like in any other domains, the lack of interoperability
is preventing broad adoption of networked visualization
systems. More standardization efforts in the industry are
therefore required, both at sub-system (including open
standards for codecs) and application levels (over
different markets and industry sectors). The AVB
standards’ for Pro-AV applications today appear as the
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best option to support applications requiring a guaranteed
bandwidth/throughput, low or at least consistent latency,
real-time monitoring and clock synchronization.

4.3 Information Security Assurance

A cornerstone of many B2B networked visualization
systems, information security (confidentiality, integrity,
availability) represents both an education challenge (for
professionals with an AV background), economical
challenge (how to handle the complexity and multiplicity
of applicable regulations), and technological challenge
(e.g. how to support the move to cloud based and
virtualized architectures while maintaining all necessary
security attributes, and how to implement HDCP-like
features over WAN & LANs for digital content
protection).

4.4 Useability

Limited useability is still dominating in the professional
world, in significant contrast with the mainstream
evolution seen on the consumer marketplace. This calls
for more intuitive HMIs supporting functions such as e.g.
transparent & secure user identification. Ambient
computing, social media, BYOD, etc. are a few examples
of consumer technologies & trends that have yet to be
fully adopted by professional environments. Additionally,
the reliability of advanced HMIs needs to be improved for
reaching a qualified useability in professional, safety
critical environments.

4.5 Workflow Integration

Integration within professional workflows constitutes
another aspect of the useability challenge, as well as a
huge opportunity for new value creation. The European
eco-system is recognised for the density and quality of
B2B system integrators and end-users; developing a
privileged relationship with this community would allow
more & targeted innovation to take place in Europe
regarding workflow integration.

4.6 New Business Models

IP networked & virtualized architectures enable the
exploration of new business models, such like
Visualization-as-a-Service. This however requires new
technological solutions, e.g. for the development of QoS
guaranteed highly performing image processing pipelines
over dispersed COTS servers. Second, open standards are
needed to hook up new networked based applications
providers to professional services platforms.

Finally, where new business models can typically be
nicely explored & demonstrated by start-ups, durable
market transformation will in many cases require more
profound & coordinated efforts from incumbent players in
the eco-systems.
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5 CONCLUSIONS

The increasing drive to better serve the B2B industry
needs with tools that enable remote and intuitive
collaboration between professionals is forcing a shift in
the value proposition of visualization products & services.
Besides the now rather well established research roadmap
regarding improvement in image quality attributes, new
challenges regarding IP networked & cloud based system
architectures require the attention and joint innovation of
the broader eco-system, if one wants to support the
competitiveness of the creative & content industry with
advanced networked electronic media solutions.

It should be the aim of the NEM ETP and Horizon2020 to
facilitate such eco-system innovation in Europe.
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Composite Media; A new paradigm for online media

Ingar M. Arntzen, Njal T. Borch, Northern Research Institute & Motion Corporation

Abstract

Media has been shaped by inherent limitations of the available distribution mechanisms since
the advent of broadcasting. We seek to break free of this heritage by fundamentally
reconstructing media. We promote the concept of motion as a fundamental building block in all
media. By structuring and executing media according to shared motion, a world of opportunity
opens up. In particular, our recent invention of highly scalable, cross-Internet
motion-synchronization implies that motion-based media is collaborative and multi-device by
design. We envision a shift away from the current paradigm, where fixed pieces of content are
produced, transmitted and consumed. Instead, media will be composed again and again from a
continuously developing corpus of online content and online motion. In this world, viewing,
navigation, interaction and authoring can all be collaborative, multi-device activities. We call this
Composite Media.

Introduction

Over the last decades broadcast media has grown much in complexity. The origins were simple,

at least conceptually; TV providers used a one-way broadcast network to entertain a largely
passive audience. These days viewers are increasingly interacting using a wide variety of
devices, and live TV shows are coupled with web offerings, SMS services, Twitter streams,

Facebook integration, infographics, live analytics, user feedback, custom apps, and more. The
life cycle of a single TV program has also become more complex, as it is made available through
broadcast networks, web-based live streaming options, and catch-up services for archived

content. In addition, programs are time-shifted using personal video recorders (PVRs) and DVB
receivers.

This increasing complexity is challenging. In particular, there are issues relating to coupling of
media, services, devices and users. For example, Twitter messages and web offerings
associated with live TV shows are coupled only as they coincide in real-time. This coupling is
weak, and breaks as TV shows are time-shifted. Or, as TV shows are migrated from broadcast
networks to archives, the lack of coupling forces viewers to manually navigate services, viewing
devices, media applications and media offsets. On the other extreme, time-sensitive
infographics merged into a streamed TV show couples these media types too strongly. As the
TV show is time-shifted, one might want the infographics to reflect this, for instance by including
the effects of other interacting VOD viewers. Instead, overlayed infographics are frozen in time.

We argue that such issues with coupling are pervasive and illustrate fundamental limitations of
the current paradigm. Broadcast media is still conceptualized in terms of its simple origins; fixed
pieces of media content are produced, transmitted and consumed. In particular, the coupling of
media types, services, devices and user navigation has no prominent place in this model. To
address these issues, we propose Composite Media (CM) as a new paradigm for online media.
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Composite Media

Composite Media (CM) is online and multi-device by design. A wide range of networked
devices, including smart phones, tablets, laptops and smart TVs may connect to a single,
shared instance of CM. As this media presentation is requested to play by one device,
this affects all devices in synchrony. If another device requests the presentation to
pause, or perhaps to skip or fast-forward, all devices behave accordingly. Conceptually,
instances of CM execute online so that client devices are free to connect and
disconnect at any time. Client devices host independent views into the presentation,
suitable for their capabilities and the role they play in the presentation. A single user can
use multiple devices covering different aspects of the presentation. Collaboration is
supported as multiple users access the same presentation.

For example, a Tour-de-France CM production may define multiple roles, such as “video”,
“infographics” with race statistics and maps, and ‘“interactivity” with status updates and

comments. In addition there might be several roles for authoring, intended only for the production
team. Viewers may then start up with all roles hosted by one device, say the smart TV. However,
as a tablet joins the presentation, responsibility for “infographics” and “interactivity” is dynamically
transferred from the TV to the tablet. If the race is time-shifted, or navigated for the highlights, all
views and roles are still kept in synchrony. In short, CM is a flexible platform for “secondary
screen” and beyond.

Composite Media is derived from two distinct ideas:
1. map media content to time - or other relevant media dimensions - and synthesize media
presentation based on the current positions on media dimensions
2. shared navigation along media dimensions

1. CM as linear media

Real-time synthesis of media based on user navigation is the foundation of linear media. For
example, video presentations are synthesized from video frames and subtitle tracks. Flash[2]
animations are produced by mapping vector graphics to a navigable event-timeline. Similarly,
slide show applications map individual slides to a dimension of discrete slide numbers. More
recently, popcorn.js[4] demonstrates that arbitrary web content can be synthesized in
accordance with the progression of HTML5 video elements.

CM takes this familiar idea to its logical conclusion. Linear navigation is recognized as common
to all linear media, and promoted as a fundamental component of CM. In CM, media navigation
is universally represented by a single concept; unidimensional motion. All CM
presentations are driven by motion. More formally; CM presentations are synthesized in
real-time from media content referring to media dimension(s). This synthesis is at all times
directed by motion(s) along those media dimension(s).

To implement motion, CM relies on the technical concept Media State Vector (MSV) [1]. The
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MSYV is based on the classical equations of unidimensional motion under constant acceleration,
where motions are described by initial conditions [p,v,a,i] (i.e. position, velocity, acceleration,
time). The MSV is simplistic, yet expressive. Crucially, the MSV supports common navigational
primitives of linear media, including discrete steps (next, prev, goto), continuous motion (play,
fast-forward), or even acceleration. With MSV’s as a fundament, CM readily supports all these
navigational primitives. In addition, CM supports mixed navigation styles as well as
multi-dimensional navigation.

A central idea in CM is the decoupling of motion from media, and the promotion of motion as a
resource in its own right. This gives CM significant power and flexibility. The decoupling of motion
implies that motions can be shared between content sources as well as presentational (e.g.
visual) components. A single CM presentation can thus be synthesized from multiple,
heterogeneous content sources, while allowing content subsystems to operate independently,
yet in a coordinated manner. Similarly, Ul components directed by shared motions can appear
as tightly interconnected parts of a single media presentation, without requiring Ul components to
communicate, or even be aware of each other. In short, motion decouples content from
presentation, and allows CM presentations to recombine them in flexible ways.

In contrast, consider how rich, linear web-based media presentations are currently made.

Frameworks like Flash, SMIL, popcorn.js or Prezi [2,3,4,5] all build linear media around similar
concepts of time-based user navigation. Yet all of them rest on implementations of motion that
are internal and custom to the framework. This makes it hard to combine such presentations

with external resources. The HTML5 video element makes this easier by exposing its internal
motion through an API, thereby allowing the popcorn.js JavaScript library to synchronize arbitrary
web content to the progression of a video. Still, popcorn.js misses a grand opportunity by
insisting that the source of motion must be video (or audio). By making motion an object in its

own right, CM makes it easy to include multiple videos in a single presentation. Perhaps more
importantly, CM allows the construction of continuous media presentations, without requiring the
inclusion of continuous media at all.

In effect, CM implies the possibility of a universal APl for motion, to which presentational
components and frameworks would interface. For instance, a motion-enabled video element
would accept external motion, and operate as a slave to that motion. We have verified that this is
possible with current HTMLS video elements, even without optimizing the internals for this
purpose.

2. CM as Online Media

Above we indicated the value of sharing motions in the context of single-device media
presentations. However, the defining characteristic of CM is that motions can be shared across
the Internet. In CM, motions (MSVs) are online objects. This allows clients across the Internet,
including regular web browsers, to connect and closely mirror the motions of ongoing media
presentations. In fact, the accuracy of MSV synchronization [1] implies that shared motions may
be thought of as simultaneous, even if clients are separated by large geographical distances, or
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communicating over different networks carriers. This is possible by compensating for network
latency and clock skew. Network latency is only evident as motions are actively changed, for
instance when play or pause commands are issued.

Equally important, online MSVs are extremely lightweight and can be hosted by highly scalable
services. This implies that the scalability of CM is likely to be limited not by motion sharing, but by
the scalability of its content services. CM presentations may make use of a large number of
MSVs. Some of these MSVs may be used in large-scale broadcast scenarios, where
asymmetric media control is required. For instance, in the classical secondary screen scenario
a TV provider can own and control a broadcast MSV, whereas the audience is restricted to
read-only access on their smart TV and secondary devices. Symmetric media control is relevant
in smaller social groups, for instance in social collaborative applications. Additionally, CM
presentations may allow individual users to create and use private MSVs, and even switch back
and forth between private and shared MSVs. Private MSVs are a natural fit for on-demand media,
and since private MSVs are still online they can easily be shared among the devices of a given
user. Opening a private session for a friend is simply a matter of sharing access and url of the
MSV.

The online nature of CM is clear as both motion and content are online resources. Conceptually,
CM presentations execute online, independent of its clients. In particular, a CM presentation may
continue to play even without connected clients. Clients may connect and disconnect at any
time, without disturbing the execution of the CM presentation or other clients. Joining clients may
quickly learn the current state of the presentation, as they synchronize with its MSVs and
(subsequently) starts loading the relevant media content. Still, despite its online nature, the cost
of synthesizing CM presentations is paid locally by clients.

In short, by making motion sharable across the Internet, all the advantages of motion sharing is
extended to the distributed setting. In particular, shared motion provides the intermittent glue
required for loosely coupling content types, services, devices, Ul components, and users,

across Internet. The name “Composite Media” similarly refers to how motion-based media

presentations are composed seamlessly (in real time), from online content sources, Ul

components, users, and devices.

We have conceptualized and implemented shared, online motion, and verified its utility as
technical foundation for CM. This work was recently published under its technical name; The
Media State Vector (MSV) [1]. The Motion Corporation is the world's first commercial company to
offer shared motion as a hosted service.

Applications

Composite Media is to a large extent a new model for online media rather than a replacement of
technology. Though the model is fundamentally new, implementation can still build upon existing
technology and services while simultaneously open for extensions and novel applications. The
following section discusses a few selected topics relevant for broadcast media.
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Seamless interaction between providers and consumers

TV broadcasters often provide content from multiple backends such as the broadcast network,
live online streams (possibly with a live-window of several hours), and on demand offerings for
archived material. While this improves outreach and functionality, it also adds complexity for the
end user. The user must for example often manually select which backend to use. Paused live
streams can not be resumed if the live window is surpassed. Instead the user must manually
relocate the show within the archived service, as well as relocating the offset where the show
was previously paused.

When a Composite Media presentation is created around the various data streams and
backends, this complexity can be hidden as the user interacts with the same presentation at all
times. By consulting an online representation of user navigation (the MSV) clients can at any
time select the appropriate backend as well as the correct media offsets. This way, seamless

transitions between different technologies can now be done by the client, ensuring a coherent
and pleasing service regardless of backend and choice of device. It also allows the user to move
the viewing experience from one device to another by simply opening the presentation on a
different device. There is no need to pause the content, communicate locally between devices
or even for the devices to know about each other. On the same note, collaborative viewing of
content can be enabled by allowing users to invite other users to use the same MSV. No
additional support is required.

Web-based Content Production

We argue that CM is a generic, flexible and cost effective approach to online media. In particular,
by providing a generic synchronization mechanism for the web, CM immediately allows HTML5
to become the standard authoring framework for time-synchronized second screen applications,

as well as multi-device media applications in general. As MSVs synchronize all visual elements
(on a single page as well as on multiple devices), visual elements do not need to communicate

with each other in order to act coherently. This allows sophisticated Ul’s to be assembled from a
set of simpler, general-purpose, motion-enabled Ul components. The MSV’s inherent support for
time-shifting also implies that live CM productions may be reused without modification for later
on-demand viewing. Furthermore, authoring may be live, or come from a mixture of prearranged
material and live cues. Authoring may also be collaborative, allowing responsibilities to be shared
within a production team.

Transforming existing HTML based visualizations to support MSVs and thus be integrated in CM
presentations will often lead to simplifying the components as opposed to adding complexity. For
example, a content provider can create a control element for CM presentations with buttons for
play, pause and navigation, as well as sharing or storing bookmarks etc, all visualized for various
devices. Any presentation (even just a single video element) can have that controller added to
it's page, thus allowing the user highly recognizable and unified controls for all services, on all
devices. This control element does not need to be integrated directly with any media object as
this coupling is mediated by the underlying MSV.
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Multi-device Applications

Composite Media is multi-device by design as it depends on shared motion. CM presentations
are built from a set of data sources and a set of visual or interactive elements connected to
these data sources. The Ul elements visualize and interact according to motion, and will as such
present the correct data at the correct time for each user. This also means that different visual
components can be used on different devices to provide true multi-device experiences.

While multi-device CM has obvious applications within secondary screen scenarios, it can also

expand more traditional services. As Smart TVs are more easily available, infographics can be
generated by the TV as an independent HTML overlay. This will enable graphics based on
current data even if time shifted, or customized data for the user, for the user's location or even

integrating the infographic with social media sites, e.g. showing comments from Facebook

friends, playing a quiz with friends on the TV etc. The potential of using CM to deliver more
targeted commercials is also easily apparent, opening for time-sensitive game style

commercials as well as localized or personalized commercials.

Summary

In short, CM is a highly flexible and holistic paradigm for online media, where devices, users and
content providers can work seamlessly together. It fits perfectly with the webification of media
content, the increasing abundance of smart devices and the flexibility and social expectations of
end users. We have validated the central technical concept, shared motion, and have
implemented a hosted service, designed for scalability and ease of use. With this we have made
proof-of-concept demos targeting a variety of multi-device applications, including broadcast,
secondary device, online education, online newspapers, distributed music orchestration,
collaborative slide-shows, collaborative viewing, collaborative authoring, collaborative
documentation, as well as interactive visualization of scientific data. We argue that CM reduces
the complexity of online media by providing a flexible and unifying model.

[1]: “The Media State Vector; A unifying concept for multi-device media navigation”, Ingar M. Arntzen, Njal T.
Borch, Christopher P. Needham, MoVid’13, Proceedings of the 5th Workshop on Mobile Video, ACM, pages
61-66, Feb 2013, Oslo, Norway.

[2]: Adobe Flash. www.adobe.com/flashplatform/

[3]: SMIL. Synchronized Multimedia Integration Language, www.w3.org/TR/2008/REC-SMIL3-20081201/
[4]: popcorn.js. The HTML5 Media Framework, popcornjs.org

[5]: Prezi, prezi.com
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Abstract: This paper describes the potential impact of
social media and new technologies in secondary education.
The case of study has been designed for the drama and
theatre subject. A wide set of tools like social networks,
blogs, internet, multimedia content, local press and other
promotional tools are promoted to increase students’
motivation. The experiment was developed at the high-
school IES Al-Satt located in Algete in the Comunidad de
Madrid. The students included in the theatre group
present a low academic level, 80% of them had previously
repeated at least one grade, half of them come from
programs for students with learning difficulties and were
at risk of social exclusion. This action is supported by
higher and secondary education professors and teachers
who look forward to implanting networked media
technologies as new tools to improve the academic results
and the degree of involvement of students. The results of
the experiment have been excellent, based on satisfactory
opinions obtained from a survey answered by students at
the end of the course, and also revealed by the analytics
taken from different social networks. This project is a
pioneer in the introduction and usage of new technologies
in secondary high-schools in Spain.

Keywords: Social Media, Social Networks, Audiovisual
Content, Secondary Education, Analytics

1 INTRODUCTION

Networked media technologies have become key elements in
many areas. For education projects [1], [2], audiovisual
content and social networks constitute a powerful set of tools,
that can be used to motivate learning and help the students to
widen their knowledge, without a cost increase. Thus,
networked media technology should enable a more effective
use of resources, and should be used as much as possible to
improve the relationship between students and teachers, and
facilitate students’access to interesting material, without
additional cost.

Social networks and web 2.0-based social media services
(e.g., Facebook®, Twitter®, YouTube®, etc.) have recently
become very popular, especially among young people [3].
One of the main reasons is, because in social networking sites
users can participate intensively in activities and services
sharing content and opinions, debating and create different
groups depending on their needs and interests. The use of ICT
as a learning methodology needs to be firmly incorporated

into the classroom, in order to improve the experience of
students and teachers alike..

A sense of community is a very important factor in raising
motivation in a drama and theatre project. Feelings of
membership, belonging to the groups and sharing emotional
connection are basic features for motivation [4], as well as the
essence of social networks aims. In [5] the usage of social
networks is constructively considered in the learning process.
Facebook allows members to participate, both inside and
outside of the classroom, and to keep connected outside the
classroom.

According to the Nielsen “Social Media Report” [6], the usage
of social networks among young people is continuously
increasing. The proliferation of smartphones and tablets has
facilitated access to social media, complementing the access
through PCs or laptops, which remain only slightly ahead in
terms of medium of connectivity to social media. The trend of
utilizing Social Network Sites for education is widely used as
a tool for sharing collaboration, posting comments, which
leads to the development of a new interactive teaching and
learning platform [7]. Among social networks, Facebook is
the most used, followed by Twitter and blogs, as reflected by
the final analytics. These three systems formed the core of
media usage in the experiment, apart from a website and the
diffusion of video and audio through the platforms YouTube
and Vimeo.

There have been similar experiences in higher and primary
education, but this is a pioneer project in public secondary
school in Spain. Students from secondary school are aged
from twelve up to eighteen years old, which is commonly the
age when they start to strongly interact with new technologies,
begin to have their own mobiles, and open their eyes to the
possibilities of internet and communications in respect to their
education.

A variety of experiences have been developed in higher
education for different purposes. In [8], Almadhoun proposes
social networks for promotional activities in higher education.
E-learning and on-line access to materials, in addition to the
materials developed in the classroom, are the basis of some
reasearch. In many professions, social networks play an
important role in different fields, such as civil engineering
education [9] or [10], which employs YouTube videos as an
important tool for teaching. Additionally, other experiments
for social network integration in education can be found in
[11],[12], [13],[14] and [15].
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There are several studies in which the impact of ICT’s
capabilities on children and young people is analysed as well,
such as [16] and [17]. The first one concludes that the younger
group’s interaction with technology is different from that of
the adult population. According to the second, social media in
schools contributes to the organization of big projects or
activities, transmitting news and information, and can also be
helpful to orient students toward their future career.

Following, after presenting an introduction and the state of the
art in Section 1, we will present an overview of the work
environment in Section 2, defining the conditions and main
objectives of the project. In Section 3, the work that has been
developed is presented, describing the set of tools that has
been used for the project. Finally, Section 4 includes the
results of the final survey answered by students at the end of
the course, while their conclusions are drawn in Section 5.

2 ENVIRONMENT

This paper is the result of joining the efforts from university
and secondary school, to introduce new networked media
technologies in classrooms. For this purpose, the elective
subject of drama and theatre from the official educational
program has been selected in public secondary high-school I.
E. S. Al-Satt, located in Madrid region.

The group was composed of 27 students, girls and boys aged
between 14 and 18 years studying 3™ course of Secondary
Obligatory Education (E.S.O), who had previously selected
the optative subject of drama and theatre among other optional
subjects offered.

The students included in the theatre group present a low
academic level. Analysing their profiles, an 80% of them had
previously repeated at least one grade (Figure 1). In Spain,
when a student presents low academic achievement during a
given school year, they must repeat the year to improve the
results obtained in the present course.

B Not repeating
B 1 course repeated

More than 2

Figure 1. Students’ academic profile in number of years
repeated

Also, half of them come from “diversification” programs,
which is an educative adaptation for students with learning
difficulties and at risk of social exclusion.

All parents or legal tutors of the students signed a consent
form at the beginning of the course to allow their children to
be photographed or filmed during the project, and the material
obtained to be published on the internet.

The project extended from September 2012 until June 2013.
In this period, students executed six different performances in

front of an audience; the last of them took place on May, the
15",
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The theatrical production was called “Child Soldier”, and was
composed of different scenes based on methodology of avant-
garde and community theatre. This method aims to distribute
the spotlight among every individual actor/student. Similar
examples of this work methodology are described in [18].

Attracted by the original material generated for this project,
”Child Soldier” was selected by La Caixa Foundation for its
funded “Caixa Escena” Encuentros, which is one of the most
important theatre contests in secondary school.

3 IMPLEMENTATION

The main objective of introducing media content and
promoting interaction using social networks to improve the
relationship between each one of the students and the scene,
motivating them to make the best effort and obtain the best
result possible on stage. The initial idea was to use already-
established social networks (Facebook or Twitter), instead of
new platforms, such as Moodle, whose access by students
would be less frequent compared to the networks that they
normally use.

The evolution of the project was progressive. In the first three
months, rehearsals of the first scenes developed were
photographed and the material was included in social
networks. The best of these photographs were used to produce
promotional posters for the project. These posters were used
to create a visible image of the theatre company and to raise
both the students’ and the school community’s enthusiasm
regarding the project.
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Figure 2. Working schema
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The schema of the project appears in Figure 2. The main
purpose was to generate multimedia material in the classroom
and on stage to distribute it through different mediums, and to
create a brand image of the theatre company.

Three mediums of material were used to document the
project: text, video and photos. All these mediums have been
mixed to present interesting products to be used for different
applications. Photographs were employed for posters and
informative papers, which were posted on the walls of the
institute to be seen by other students. Also photographs were
distributed through social networks and the blog. The content
must be attractive enough to increase participants’ interest in
the networks.
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Video recordings were used for visualization in the classroom
and a DVD authoring. The students’ ability to see themselves
on screen was a chance to correct their errors, learn from
them, and be able to see what a spectator sees. Video and
multimedia were also very innovative in high-schools, a main
factor in the learning process.

Local press media played an important role in maximizing
project’s reach and improving students’ motivation.

3.1 Social Networks

Social network profiles played a main role from the
beginning. Profiles on Facebook®, Twitter®, YouTube® and
Vimeo® were created for interaction with students, content
sharing and improving the communication and relationship
between teacher and student.

Following the studies of [5], Facebook was selected as the
first tool in the experiment. The profile was private and
limited to the students included in the theatre group and
contributors to the project development.

Twitter® is the fastest growing Web 2.0 technology when
compared to other micro-blogging platforms [19] and was
discovered to be the most popular application amongst the
members of the group, as the analytics revealed later. Then,
alternative usage of both platforms was performed, in order to
motivate students, when posting photos, text relative to the
performance and other useful information. Students could
interact with this content, posting comments, saying “I like it”
or sharing them with other users.

Finally, the video sharing networks, YouTube and Vimeo
[10], were presented as the most powerful tools. Videos from
rehearsals and performances were uploaded to these two
platforms, but also presentation trailers and edited video used
as backdrops on stage. Students had the chance to see
themselves on the internet, analyse their performances, and be
able to improve their features, after watching the content.

3.2 Blog

As the social network Facebook had private use, and was
limited to the members, another public platform was
necessary for promotional and diffusion purposes. A blog
developed in Wordpress platform was created to upload
general information about next performances, news from
different press media or different announcements.

3.3 DVD Authoring

The first performance - 20" December 2012 - was
photographed and filmed during early rehearsals and in front
of an audience. Different cameras were used for this purpose,
a reflex professional camera for capturing photographs, and
high-definition videocameras (with resolution 1280x720)
were used from different points of view, including close up
and full shots.

All material was classified and ordered, and was used for
creating a DVD with the whole performance, which was
distributed to the students as learning material. This
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constitutes an innovative tool in the learning process, which
was considered as the text book of the subject.

The content was edited with a professional edition software
tool (Adobe Premiere) to obtain the best result, employing
different viewing angles to offer a more impressive viewing.
The DVD authoring was developed with another software tool
(Adobe Encoder).

Also, the DVD included subtitles in Spanish and English
languages in order to ease the memorization of the script. This
material received a very good reception among students.

The DVD was used as a promotional tool among other
secondary high-schools, for teachers and organization
managers in Caixa Escena Encounters, with good reception.
Through this DVD, other schools’ teachers received an
invitation to visit the project’s social networks.

3.4 Audiovisual Content Viewing

Before distributing the DVD, the first viewing of media
recordings was in the classroom. The complete edition of the
performance was projected in the first class after the
Christmas holidays, and the students’ reactions were analysed.

The impact on students was strong and, as revealed in the final
survey, crucial in their implication with the project and
posterior development. The motivational factor of technology
usage was reaffirmed by the fact that all students were moved
by seeing the recording of themselves acting on stage.

M | want to show the video

B My performance was better than expected

m Useful to see my errors
M It was motivating
M It was fun
| blushed
| want to see it again

Other opinions

Figure 3. Most-repeated opinions after watching
themselves on screen

Among the most common comments and opinions collected
after the video viewing, students wanted to show them to
relatives or friends, and they judged their own performance as
being better than they had expected. Also, video was
considered a useful tool in improving their performances. In
most cases, students found it motivating or fun to recognize
their recurring errors. Only a low percentage admitted to
having blushed after watching themselves on screen.

3.5 Backdrops

One of the most innovative proposals for the theatre project is
the usage of video projections used as backdrops for theatrical
purposes. Backdrops substitute the typical stage sets, creating
a futuristic effect that fill the stage with light and shocking
images.
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Figure 4. Samples of backdrops usage

Backdrops were used to complete the stage, but also some
videos were edited and projected over the screen with a
meaning, not only for artistic purposes. For example, there
were cases of “bullying” in the high-school, and one of the
videos projected denounced against this type of behaviour.
This video received a good reception among the audience and
students, as the final survey revealed.

3.6 Other promotional tools: posters, website,
mailing and local press

But social networks were not the only technology used with
motivational purposes in the project. The posters created
through photographs captured in rehearsal and performances
were important too. The photographs were modified with
tools, such as Adobe Photoshop, to offer a more professional
result, searching for shocking images and icons, to leave no
one indifferent.

The project had an e-mailing address to be used for
communication among the members of the group, and also for
inquiries from outsiders.

Also, a website was created, with the interface that can be
seen in Figure 5.

€ 4 C [ ssamesvoss
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Figure 5. Website Interface

Finally, local press media, such as “La voz de Algete” or
“Crénica Norte” used the material for more extensive
promotional ways in their paper edition and also online. . Both
published the news of the group, photos and information,
which students were able to share, motivating them to
continue with their effort and helping them to improve. Also,
national newspapers Europa Press and La Vanguardia,
mentioned the “Caixa Escena” Encounters, highlighting the
performance of I. E. S. Al-Satt.

4 RESULTS

The project results are collected through different channels.
First of all, subjective reactions and reception of the audience
and students offered a general qualitative impression. In
addition quantitative and measurable data was collected,
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coming from the internet analytics about the media content
consumption and on the heels of a survey conducted at the end
of course, revealing interesting information about the impact
of the project.

4.1 General Impressions

An improvement in students’ behaviour was detected, which
is reflected by a decrease in the number of disciplinary reports
among students involved in the project.

The degree of school abstenteeism has decreased in theatre
class compared to the previous year, computing a percentage
of attendance higher than 90% for more than 80% of students,
which is a very high level in secondary school, especially
compared to the same subject in previous year. The other
students presented a percentage of attendance not lower than
70%, most of the cases with not-justified absence, which is
another indication of students’ difficult profile.

W >90% of classes
H >80% of classes

>70% of classes

Figure 6. Percentage of students' class attendance

On the other hand, it must be mentioned that their academic
performance did not experience an improvement, except in
theatre class, in which their effort was rewarded with good
grades.

4.2 Social Networks Analytics

Analytics from YouTube reveals a growing interest in the
evolution of the project. The statistics reveal more than 1800
views of an amount of thirty different videos, and more than
3300 estimated minutes watched, from November 2012 to
June 2013.

E Alsatt Algete (Alsattteatrodanza)®

Nov 20, 2012 — Jun 23, 2013
VIEWS AL TS

1,890 3,355

Figure 7. Global analytics from YouTube

The evolution of interest in other networks, such as Twitter or
the blog, also present significant trends, similar to Figure 7.
Additionally, videos uploaded to the Vimeo profile must be
taken into account, making a total of more than 2000 views in
videos from the theatre company.

4.3 Final Survey

The results from the final survey are collected in this section.
They were asked about different aspects of the experience, the
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quality of material, motivational factors, social networks,
performances, and finally they had some space for expressing
free opinions.

Firstly, they were asked to evaluate the quality of different
aspects from the project. Results revealed the high quality of
the project, especially in reference to the teacher’s work on
the project, but also to the quality of social networks,
methodology and graphic material (Figure 8).
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Figure 8. Students' subjective assessment about different
aspects of the project

Figure 9 shows the most motivational factors from the project.
According to the students, the teacher is the most motivating
factor. The videos,backdrops and, of course, the performances
(Caixa Escena and Charity Gala), were also highly rated.
Then, content in social networks was also highlighted,
because it offers the chance to interact with other students,
improving their communication. Posters and photographs
were less considered in comparison with other factors, but it is
true that students received these positively.

Very motivating

Rather motivating 1

—% o
—t T

Hardly motivati

Notmativating

©
@\e“'(&" ey Q,@q (S
PR L )
< « o

& 5° &
o

o
& < & i‘ﬁ@&;’ &DQ
<e? o5 N

S

s‘; B ot
Figure 9. Motivational factors

Among the most-used social networks, we find that students
prefer the networks they commonly use in their normal
environment. YouTube, Facebook and Twitter usage is more
frequent than other specific sites, as happens with the blog
(Figure 10). Most of the students claimed to connect to these
networks daily or weekly, searching for theater content and
photos. The most commonly reported method of connection
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was through smartphones, in first place, and PC’s as the
second option, while tablets are less frequent for their age
(Figure 11).

M YouTube

M Facebook

W Twitter

M Blog

B Whatsapp

m Vimeo

Figure 10. Most-used social networks

B Smartphone
HPC

m Tablet

Figure 11. Devices used for social network access

Finally, as an indicator of the student’s enthusiasm in theatre
following the project, we asked the question: “Would you like
to dedicate time to theatre in the future?”. Most of them
answered “Yes, as an amateur” or “Yes, as a professional”, as
seen in Figure 12. Also, in free opinions section, students
congratulate teachers for their effort and satisfactory results,
and they mentioned the great fellowship created among them.

m No

M Yes, as an
amateur

M Yes,as a
professional

Figure 12. Opinions about future dedication to theatre

CONCLUSIONS

The project could be exportable to other educational centers.
Not only for similar drama and theatre experiences, but even
for other subjects, in which technology and established social
networks could represent a key factor for improving their
motivation.

The usage of social networks that they normally use is very
important, instead of using a specifically-created platform. As
seen in analytics, YouTube, Facebook and Twitter have better
reception than the blog, because the information is in their
environment and they do not need to make the effort of
accessing a new platform or website. Communication has
improved between teacher and student without any cost, and
photographs and graphical content are accessible a short time
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after being produced or generated. Social networks transform
a local project in something global.

Audiovisual and graphical content are profitable in the
learning process. Students are able to improve after watching
their performance and share their experience with relatives
and friends, as revealed in the survey, which is also
motivating. Posters, photographs and news on press,
maximize the project’s scope and make them feel satisfied,
which will influence their work effort. If they find the material
created for them as professional as possible, they will take it
seriously. It will be their responsibility.

The youth are subject to multiple stimuli nowadays, and they
usually find traditional education system too static. The
insertion of new technologies and social networks could make
them find this process more dynamic and motivational,
especially when they are students with learning difficulties.
For this purpose additional effort is needed for taking up the
educational approach, including time for preparing the
professional material, dissemination and setting up the entire
digital environment.

For future work, it would be interesting that the experience
would be applied to different high-schools to compare the
impact over students in different ages and origins in order to
analyze their behavior through social networks. The project
must expand the adquired knowledge to other subjects, not
only theatre subject, for example, art, music or sciences.

Nevertheless, we must clarify that social networks and new
technologies played an important role in the project, as
demonstrated with analytics exposed and student’s opinions,
but it is not the only factor for project success. The work
methodology, the motivation of group work, the interest in the
content of the performance, and especially the degree of
involvement of the teacher were also important. It would be
possible to replicate the model, but it requires a full time
involvement of the teacher or teachers, who needs to have
knowledge about internet and social networks, being also a
creative and artistic person.
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