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mind that we cannot design the UX but only design for UX
because people appropriate technology individually especially in
discretionary use contexts as McCarthy and Wright [6] point out.

ABSTRACT
The scope of user experience supersedes the concept of usability
and other performance oriented measures by including for
example users’ emotions, motivations and a strong focus on the
context of use. The purpose of this tutorial is to motivate
researchers and practitioners to think about the challenging
questions around how to select and apply UX evaluation methods
for different usage contexts, in particular for the ‘home’ and
‘mobile’ context, relevant for TV-based services. Next to a
general understanding of UX evaluation and available methods,
we will provide concrete UX evaluation case examples and handson exercises. Participants will be engaged in a reflection on the
practical use of methods, connected problems and challenges.

In order to compare design solution and inform better designs we
need to understand how to best measure the individual factors and
the overall UX. Developing these metrics is a current challenge in
UX research. Partly this is due to the fact that certain parts like
immersion or enchantment are hard to measure without affecting
the experience. The current ambitious definitions of UX ([4],[5]),
however, do not include the operationalizations such that the UX
and its contributing factors can be measured and quantified.
Requirements for these measures include amongst others: validity
and reliability, speed, and cost efficiency, applicability for
concepts, ideas, prototypes, and products [3].

Categories and Subject Descriptors

The goal of this tutorial is:

H5.m. Information interfaces and presentation (e.g., HCI): Misc.

-

to provide participants an overview on evaluation methods
for studying UX,

Measurement, Human Factors, Design.

-

to have the participants apply selected methods on concrete
examples (e.g., home and mobile context),

Keywords

-

to discuss strengths and limitations of selected methods (used
as hands-on examples) in an UX design and evaluation
approach.

General Terms

User Experience, Evaluation Methods, Case Examples, Practice.

1. INTRODUCTION

As tutorials should follow an interactive and participative
approach, we will provide the participants with some initial
background based on our expertise, followed by an interactive
session. Based on applied examples from the organizers’ research
expertise (e.g., mobile TV, 3DTV, second screen) we will prepare
some provocative problem statements on studying UX to elicit
views and responses from the participants. Thereby the tutorial
ensures a practical focus based on a common theoretical and
empirical basis, confronting the participants with the challenges of
selecting and applying a method ‘out of the box’ of methods (such
as provided on http://www.allaboutux.org/).

User experience (UX) is a complex concept that has gained large
popularity both in academia and industry in the last decade (e.g.,
[1],[5]). It contains various contributing factors such as “users'
emotions, beliefs, preferences, perceptions, physical and
psychological responses, behaviors and accomplishments that
occur before, during and after use [of a product, system or
service]” for example in the ISO’s definition [4]. Designers have
to arrive at a synthesis of these possibly competing factors and
face hard decisions in trading them off for another. Researchers
are interested in measuring and modeling these contributing
factors and resulting overall UX of prototypes or actual
implementations of systems and services. Equipped with metrics
embedded in a method these factors can be evaluated and
hopefully will help informing the trade-offs required in designs.

2. AUDIENCE
The tutorial aims to bring together researchers on UX from a
scientific and industrial background. Target participants are in
particular designers of TV-based systems and services, as well as
researcher concerned with requirements elicitation and evaluation
of UX qualities of such services. Their major goal is to provide
users with the optimal experience when engaging with an
interactive system.

Developing applications that are explicitly intended to improve
the UX can be seen as an important step towards a “positive HCI”
[3]. UX frees the discourse from the old obsession of HCI to
avoid poor designs, which was not geared at providing guidance
to arrive at good designs. At the same time we need to keep in
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Hendrik Knoche is an assistant professor at Aalborg University’s
department of Architecture, Design and Media Technology. He
has extensive experience in interactive, TV centric services. His
PhD focused on adapting video content to mobile devices and he
was involved in various user studies relating to mobile social
networking, automated content adaptation, biometric systems,
video quality visual experience and Quality of Experience.

The tutorial aims to attract both experienced designers and
researchers around the field on UX, but also affords newcomers a
clear overview at what is going with regard to UX evaluation and
design approaches. In the first part of the tutorial we will present a
background on the topic (particularly refereeing to the collection
of UX evaluation methods http://www.allaboutux.org/) to inspire
and stimulate the discussion in the practical session applying
selected methods on a concrete case examples. The participants
will have the opportunity to apply and internalize this knowledge
and share their own expertise in the second part of the tutorial.
The overall goal of this combination is to learn from each others’
experiences based on clearly defined topics and guiding questions.

Santosh Basapur is a Principal Staff Researcher at Motorola
Mobility Inc. and has been practicing UX Design and Research
for over 8 years. His expertise is in using methods from various
domains like HCI, Anthropology, and Human Factors and
applying them to UX research. His current research is in iTV UX
using second screens and Mobile Wellness Applications. He has
published at conferences like CHI, HFES, Euro-iTV, IASDR,
Design & Emotion, HCII, and Pervasive Health.

3. SCHEDULE
The tutorial is foreseen as a half-day event and brings together
practitioners and researchers on UX.

5. Related Experiences & Publications

09:00 – 09:30: Introduction. The scope of UX research and
approaches, qualities of UX.

The instructors of this tutorial have been actively involved in the
previous EuroiTV conferences, as organizers and presenters.
Some selected publications are listed below outlining the
instructors’ field specific experience:

09:30 – 10:00: Practical Case Examples
-

-

Two examples from ‘home’ and ‘mobile’ context (presented
as short videos, showing the main situations we are
confronted with when exploring users experiences in their
real life context / basis for methodological challenges)

Basapur, S., Mandalia, H., Chaysinh, S., Lee, Y., Venkitaraman,
N., and Metcalf, C. (2012). FANFEEDS: evaluation of socially
generated information feed on second screen as a TV show
companion. In Proc. EuroiTV '12. ACM, NY, USA, 87-96.

Group building around each example: exploration of real life
constraints (10min), anticipated data to collect (10min)

Knoche, H., Sasse, M. A. (2008) Getting the big picture on small
screens: Quality of Experience in mobile TV. In Ahmad, A. M .A.
& Ibrahim, I.K. (eds.) Multimedia Transcoding in Mobile and
Wireless Networks, Ch.3, 31-46, Information Science Reference.

10:00 – 10:30: Coffee Break
10:30 – 11:30: Selected Method Presentations
-

6 to 8 selected UX Methods will be presented in detail by the
organizers (key characteristics, advantages/disadvantages,
success/failure stories from our research).

Obrist, M., Wurhofer, D., Meneweger, T., Grill, T., and
Tscheligi, M. (2012). Viewing Experience of 3DTV: An
Exploration of the Feeling of Sickness and Presence in a Shopping
Mall. In: Entert. Comp. J. (online 21 March 2012).

11:30 – 12:00: Group work: each group selects a method for the
problem area introduced in the morning (following the previous
presentations of selected methods and from the website
http://www.allaboutux.org/

6. REFERENCES (Selected)
[1] Beauregard, R., Younkin, A., Corriveau, P., Doherty, R., &
Salskov, E. (2007). Assessing the Quality of User
Experience. Intel Technology Journal: Designing
Technology with People in Mind, 11.

12:00 – 13:00: Plenary: each group presents their suggestion of
method for the problem around a ‘home’ and ‘mobile’ context.
Organizers will provide feedback

[2] Hassenzahl, M. User experience (ux): towards an
experiential perspective on product quality. In IHM’08:
Proc. of the 20th International Conference of the
Association Francophone d’Interaction Homme-Machine,
pages 11–15, New York, USA, 2008. ACM.

12:30 – 13:00: Conclusions: Presentation of further guidelines on
the usage of UX methods, A&Q round.
The schedule provides a framework to transfer and interactively
discuss different approaches for investigating relevant qualities of
UX with ubiquitous TV systems and services. The tutorial will be
a forum to elaborate on and share individual knowledge with other
participants from research and industry.

[3] Hassenzahl, M., & Tractinsky, N., (2006). User Experience
- a research agenda. In Behavior & Information
Technology, 25(2), pp. 91-97.
[4] ISO DIS 9241-210:2010. Ergonomics of human system
interaction - Part 210: Human-centred design for
interactive systems. ISO. Switzerland.

4. INSTRUCTORS
Marianna Obrist is a Marie Curie post-doc Fellow at the Culture
Lab at the Newcastle University, UK. The focal point of her
research is on user experience (UX), UX studies, methods and
evaluation. Over the last years, Marianna was Assistant Professor
in the HCI & Usability Unit at the University of Salzburg,
Austria. She was involved in the organization of diverse
workshops, SIGs, and tutorials at HCI-related conferences (e.g.,
CHI, NordiCHI, MobileHCI, EuroITV). See more information on
her research on http://obrist.info/.

[5] Law, E., Roto, V., Vermeeren, A., Kort, J., Hassenzahl, M.
(2008). Towards a shared definition of user experience. In
Proc CHI 2008, 2395-2398
[6] McCarthy, J. & Wright, P. (2004). Technology as
experience. Cambridge, Massachusetts: MIT Press.
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Designing Gestural Interfaces for the Interactive TV
Radu-Daniel Vatavu
University Stefan cel Mare of Suceava
13, Universitatii, 720229 Suceava, Romania
vatavu@eed.usv.ro
http://www.eed.usv.ro/~vatavu
Tutorial level: between introductory and intermediate.
Detailed outline and schedule:
1. Introduction: Why do we need gestures in the interface?
[20 minutes]
An introduction will be provided on the existing research on
gesture-based interaction by highlighting benefits but also
pitfalls of using gesture commands in interfaces [7,8,16].
2. Gesture acquisition: How to choose the right technology?
[30 minutes]
The main technologies used to acquire human gestures will
be presented: worn and hand-held equipments (e.g., motion
sensing game controllers, gloves, mobile phones and devices)
and non-invasive solutions (video processing). Advantages
and weaknesses of each approach for the home entertainment
environment will be discussed [16,19].
3. How to recognize gestures? Popular and simple gesture
recognition techniques [30 minutes]
A simple, efficient, and widely-used pattern recognition
technique for recognizing gesture motions will be presented:
the nearest-neighbor classification approach employing the
dynamic time warping and the Euclidean distances (which
served as starting points for popular gesture recognizers
[5,21]). Specific notions such as recognition accuracy,
training set, false positives, and recognizer invariance will be
clarified for participants. The new $P gesture recognizer [18]
capable of recognizing gestures articulated in many different
ways (i.e., in terms of movement direction, number of
movements, or their ordering) will be presented to
participants as part of a discussion highlighting how to
handle user variability in gesture input.
4. Gesture set design [20 minutes]
Guidelines on how to design and evaluate gesture commands
will be provided. Criteria such as ease of execution [12],
learnability, and fit-to-function [20] will be explained and
exemplified to participants.
5. Gestures for the interactive TV [40 minutes]
Practical applications and case studies of how gestures have
been integrated into interactive TV and home entertainment
scenarios will be discussed. Examples from research
[13,14,15,17,19] and industry [22-24] will be analyzed.
6. Practice session: Reusing the Wii Remote for interactive
TV scenarios [30 minutes]
An interactive session will be provided in which participants
will be introduced to a low-cost widely-available motion
sensing device (the Wii Remote) that can serve to rapidly
prototype and evaluate gestural interface designs. The device
will be reused in order to create a simple gesture-based
interface for TV control. After a short introduction of the
device, attendees will be involved into a participatory design
exercise of a gestural TV interface.

ABSTRACT
Home entertainment and interactive TV have known
fundamental technological advances in the last years by
incorporating developments from sensing, processing, and
communications technologies. As such systems become more and
more complex and present more and more options to their users,
careful interaction design is needed in order to deliver the
expected level of user experience. This tutorial explores gestural
interfaces for home entertainment scenarios by discussing gesture
acquisition and recognition techniques while focusing on
designing for the interactive TV. Case studies will be discussed
and a practical design session reusing the Wii Remote controller
for interactive TV scenarios will be included.

Keywords
Gesture-based interfaces, home entertainment, interactive TV,
gesture recognition, novel interfaces, Wii, Kinect.

1. INTRODUCTION
Today’s home entertainment systems possess enormous potential
to engage their users into complex enriching activities, all taking
place in the comfort and familiarity of the home environment [1].
Home entertainment is therefore transforming from a standalone
electrical appliance (the TV set) into an experience shared
throughout the environment (the interactive TV [4]). Digital and
real mix in complex engaging scenarios for the design of which
engineers and architects must work together to deliver new
standards of multisensory experiences [3,9]. In this vision of
future home entertainment, remote controls don’t find their place
any longer. As such standard input devices can’t handle the ever
increasing functionalities without ruining and diminishing user
experience [2], new interaction paradigms must be explored.
Among these, gestural interfaces represent a potentially viable
candidate [13-17,19] for which an increased interest has been
manifested recently from the TV industry [22-24]. This tutorial
explores gesture commands for the interactive TV by focusing on
practical technology, examples, and case studies from research
and industry, as well as a practical design session.

2. TUTORIAL DESCRIPTION
Duration: half-day
Presentation format: power point slides, video demonstrations,
and interactive content (practical session using the Wii Remote1).
A course web page will be hosted on the instructor’s web site in
order to make course materials available to participants2.

1
2

Nintendo Wii, http://wii.com
Similar to the web page of the tutorial delivered at EuroITV’2012
http://www.eed.usv.ro/~vatavu/index.php?menuItem=euroITV2012
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Recognition, Advanced Programming, and Advanced Artificial
Intelligence Systems for undergraduate and master students.

Attendees: Researchers and practitioners working in HCI, user
interfaces, and design of home entertainment experiences that
plan to include gestures into their designs. A mixture of
participants from research and industry will be ideal. No
previous knowledge of gesture-based interaction is required.
Participants will be introduced into today’s widely used gesture
acquisition and recognition techniques (with focus on how to
select the right technology and recognition algorithm), and case
studies will be discussed (focus on the guidelines to consider
when mapping gestures to functions). A practical design session
involving the Wii Remote is included in the tutorial.
Tutorial history: This tutorial was successfully delivered at the
European Conference on Interactive TV and Video (EuroITV’12)
in Berlin, 2012, and was well received and welcomed by all
participants. For example, one participant witnessed that the
tutorial “was quite comprehensive and included a lot of
background information. This is how a tutorial should be.”
Slides of the 2012 tutorial are available on the dedicated page:

4. REFERENCES
[1]
[2]

[3]
[4]

[5]

[6]

[7]

http://www.eed.usv.ro/~vatavu/index.php?menuItem=euroITV2012

[8]

(password for the ppt slides archive: euro-itv)
The 2013 version of the tutorial will contain updated academic
references and industry examples of TV gestural interfaces.

[9]
[10]

3. INSTRUCTOR
Radu-Daniel Vatavu works in Human-Computer Interaction and
focuses on novel interactions and gesture-based interfaces. He
has developed gesture recognition algorithms [10,11,18],
designed computer vision systems [15,16], and investigated
human performance aspects of gesture production [12]. He is also
interested in designing novel interfaces for home entertainment
scenarios such as interactive TV systems and ambient media
with a specific concern towards human aspects and how
technology helps to enhance everyday human-human interactions
(see more at http://www.eed.usv.ro/~vatavu ).

[11]

[12]

[13]

[14]

Radu-Daniel Vatavu is interested on designing gestural
interfaces for the interactive TV. For example, the interactive
coffee table prototype [15] represents a computer vision system
that allows viewers to control their TV set using simple hand
gestures. The coffee table prototype brought many advantages
over existing research such as dealing with fatigue problems
when using gesture commands and alleviating privacy issues for
video-based home entertainment scenarios. Design guidelines for
novel interfaces and future TV environments are discussed in
[16]. Point & Click [13] represents a system for controlling a
large video projection display in the home environment using the
Wii Remote controller. The project introduces the concept of
multiple media screens that are reconfigurable and customizable
by their viewers/owners. Standard WIMP interaction techniques
are mixed with gestures for controlling such media screens. In
terms of user gesture preferences, studies of user elicited
gestures revealed high level of consensus for frequent home
entertainment control tasks [17,19].

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]
[23]
[24]

Teaching experience: Radu-Daniel Vatavu is a Lecturer at the
Computer Science Department of the University Stefan cel Mare
of Suceava where he teaches Algorithms Design, Pattern
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Baillie, L., Benyon, D. 2008. Place and Technology in the Home.
Computer Supported Cooperative Work, 17, 2-3, 227-256
Bernhaupt, R., Obrist, M., Weiss, A., Beck, E., Tscheligi, M. 2008.
Trends in the living room and beyond: results from ethnographic
studies using creative and playful probing. Comput. Entertain. 6, 1
Canizares, A. G. (2006) Fun Rooms: Home Theaters, Music Studios,
Game Rooms, and More. Harper Design, 2006
Cesar, P., Chorianopoulos, K. 2009. The Evolution of TV Systems,
Content, and Users Toward Interactivity. Found. Trends Hum.Comput. Interact. 2, 4 (April 2009), 373-95
Kristensson, P.O., Zhai, S. 2004. SHARK2: a large vocabulary
shorthand writing system for pen-based computers. In Proc. of ACM
Symp. on User Interface Software and Technology (UIST '04), 43-52
Liu, J., Zhong, L., Wickramasuriya, J., Vasudevan, V. 2009. uWave:
Accelerometer-based personalized gesture recognition and its
applications. Pervasive Mob. Comput. 5, 6 (December 2009), 657-675
Norman, D.A. 2010. Natural user interfaces are not natural.
interactions 17, 3 (May 2010), 6-10
Norman, D.A., Nielsen, J. 2010. Gestural interfaces: a step backward
in usability. interactions 17, 5 (September 2010), 46-49
Rushing, K. (2006) Home Theater Design: Planning and Decorating
Media-Savvy Interiors. Quarry Books, 2006
Vatavu, R.D., Grisoni, L., Pentiuc, S.G. 2009. Gesture Recognition
Based on Elastic Deformation Energies. In Gesture-Based HumanComputer Interaction and Simulation. LNCS 5085. Springer, 1-12
Vatavu, R.D., Grisoni, L., Pentiuc, S.G. 2010. Multiscale Detection of
Gesture Patterns in Continuous Motion Trajectories, LNCS 5934,
Springer, 85-97
Vatavu, R.D., Vogel, D., Casiez, C., Grisoni, L. 2011. Estimating the
perceived difficulty of pen gestures. In Proc. of the 13th IFIP TC 13
Int. Conf. on Human-Computer Interaction, Springer, 89-106
Vatavu, R.D. 2011. Point & click mediated interactions for large home
entertainment displays. Multimedia Tools and Applications, Springer
Netherlands, doi:10.1007/s11042-010-0698-5
Vatavu, R.D. 2012. Nomadic gestures: A technique for reusing gesture
commands for frequent ambient interactions. Journal of Ambient Intell.
Smart Environ. 4, 2 (April 2012), 79-93
Vatavu, R.D., Pentiuc, S.G. 2008. Interactive Coffee Tables:
Interfacing TV within an Intuitive, Fun and Shared Experience. Proc.
of the 6th European Interactive TV Conference, LNCS 5066, 183-187
Vatavu, R.D. 2010. Creativity in Interactive TV: Personalize, Share,
and Invent Interfaces. In A. Marcus, A. Cereijo Roibas, R. Sala (Eds.)
Mobile TV: Customizing Content and Experience. Springer, 121-139
Vatavu, R.D. 2012. User-defined gestures for free-hand TV control. In
Proceedings of the 10th European conference on Interactive tv and
video (EuroiTV '12). ACM, New York, NY, USA, 45-48
Vatavu, R.D., Anthony, L., Wobbrock, J.O. 2012. Gestures as Point
Clouds: A $P Recognizer for User Interface Prototypes. In Proc. of the
14th ACM Int. Conf. on Multimodal Interaction - ICMI'12, 273-280
Vatavu, R.D. 2013. A Comparative Study of User-Defined Handheld
vs. Freehand Gestures for Home Entertainment Environments. Journal
of Ambient Intelligence and Smart Environments. IOS Press, to appear
Wobbrock, J.O., Morris, M.R., Wilson, A.W. 2009. User-defined
gestures for surface computing. In Proc. of CHI '09, 1083-1092
Wobbrock, J.O., Wilson, A.W., Li, Y. 2007. Gestures without
libraries, toolkits or training: a $1 recognizer for user interface
prototypes. In Proc. of UIST '07, 159-168
Samsung Smart TV, http://www.samsung.com/us/video/tvs
LG Magic Remote, http://www.lg.com/global/magicremote/
Philips uWand, http://www.uwand.com/

Usability design for video lectures
Michail Giannakos

Konstantinos Chorianopoulos

NTNU, Norway

Ionian University, Greece

michailg@idi.ntnu.no

choko@acm.org
Web-video technology has many pedagogical affordances and
great potential for transforming the teaching and learning
environment when it is used approximately. Thus, the issue is no
longer whether instructors should integrate technology in their
courses, but how to use technology to transform their courses and
create new opportunities for learning. In this course, we aim to
provide explicit guidance to teachers-designers about how to
develop their web-video courses. A web-video developmental
approach generated by content, learners’ characteristics, pedagogy
and ICT knowledge is described.

ABSTRACT
There is a growing number and variety of educational video
lectures online, but there is limited understanding of their
effectiveness in terms of learning and usability. Although there is
significant research literature within the domains of usability and
of video learning, there is limited understanding of their
combination. In particular, there is limited research on instructions
for the usable video lecture design. In order to accommodate this
emerging instruction medium, design principles and models may
be appropriate. In this tutorial, the instructors present a
comprehensive approach to the design of usable video lecture
systems and content. The participants will gain familiarity with
methods and techniques for designing and evaluating instructional
video systems as well as be given ample time to discuss and frame
their own work in a collaborative tutorial setting.

There is no single format for video lectures, so there is no simple
choice between the available options. Firstly, the traditional video
format consists of a video frame that depicts the instructor and the
board. It has been the most popular video lecture format, because
it is familiar, as it resembles teaching in a real classroom.
Nevertheless, there are other popular formats such as the Khan
style of video lecture, which depicts only the writing pen of the
instructor, but never his face. Between, these two extremes there
are hybrid video formats, which combine the main characteristics
of the two (instructor face, instructor pen). Moreover, the videos
are usually embedded in a distance learning system that may
include several other features, such as video navigation, quiz-style
questions, discussion forum, peer grading, etc. Although any
modern distance instructional consists of many elements, there are
no guidelines for aligning those elements in the most effective
way for a given audience and course.

1. INTRODUCTION
The usage of web-videos for learning purposes has been
increasing over the last years. The number of institutions and
business organizations providing their content using web-videos is
increasing rapidly. Furthermore, there are many video search
engines where someone can find educational videos
(youtube.com) and there are even learning-oriented search engines
for
educational
videos
(e.g.,
youtube.com/edu,
my
learningtube.com). In addition, universities (Stanford, Oxford,
MIT, and some 800 other) offering lectures on iTunes and
elsewhere. Hence, you can carry lessons on anything from math to
zoology.

The quality of sound and image in remote-education
environments, the design of the systems screen and the text flow,
messages and all the needed activities are important parameters
that do not have a clear value. This includes certain thresholds
regarding the sound and image quality, in addition to rules
regarding the appearance of the titles and images that the webcasts
use. When it comes to the webcast development procedure, the
choice of the content is of high importance. In this course we
assume that the ideal content that can be taught with the webcast
method is one that requires no background knowledge and is well
fragmented, so that in case of something not being understood by
the student, he/she would be able to keep up with the rest of the
lesson. The capability to visualize the content enforces webcast.
Therefore, it would be helpful if the content used, had a big fringe
for visualization.

The use of learning videos has been widely employed in the past
years. Many universities and electronic libraries have incorporated
their material in videos. Massive Online Open Courses (MOOCs)
are becoming an increasingly important part of education. For
instance, students access academic content via digital libraries,
discuss with tutors by email and attend courses from their home.
In order to support video learning, various technological tools
have been developed. For example, matterhorn, centra, edx are
just few of them. These tools provide an easy way for a learner
who has missed a lecture, the opportunity to catch up, but also
enables other, especially slow learners, to review difficult
concepts. Despite the widely usage of webcasts’, usability design
principles have not developed.
We focus on the web-videos because this type of advanced
Internet-based technology enhances the teaching and learning
experience. Learners can access and download teaching materials
directly. Like other information objects such as books, notes, and
documentaries, web-videos may be reused to support both formal
and informal learning. Whether recorded for distribution to
students or for use internally by employees, these recordings have
the potential to be useful for browsing and searching at a later
date. Web-videos can also be integrated in an online learning
system (portal, e-class, forum, blogs, etc) and combine several
services. For instance, learners can use in parallel of web-video an
online chat room, video conferencing to communicate with their
instructors or peers.

2. OUTLINE
Developing a video lecture is a complex process that requires
thorough planning and an implementation procedure. Knowledge
of learning theories and instructional implications is a prerequisite
for successful realization of the learning content with the most
appropriate delivery components. There are several instructional
design models and theories applied in e-learning (e.g., Passerini
and Granger 2000). However, in the context of usability design
for video lectures we need to specify a simple but also effective
model.
In an attempt to provide explicit guidance to teachers-designers
about how to develop their webcast courses, the instructors review
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Highly connected sharing between 2 or more peers.

some important key developmental principles of video lecture
creation and formulate an instructional model based on webcast
needs. Given the growth of video lectures, as well as the criticism
that has been exerted upon them, further discussion regarding the
crucial points of their development will be made; such a
discussion may shed light into the developmental crucial points
and lead to provide useful guidelines for the creation of an
effective and attractive video lectures.

Example: Peer instruction and MOOC systems
Part 3

Instructional design
Theory driven course development
Example: Web casting framework

Part 4

According to Scutter (2010), the continuous watching of the
lectures has the advantage that information could get "into
students heads". Re-listening the courses and taking additional
information from the video would also appear to encourage the
usability of this medium. Furthermore, this course focus is not on
the after course advantages of video lectuers, but on its
effectiveness when using it by an autonomous manner. Using
video lectuers in order to deliver information is likely to be more
efficient than traditional (interactive) lectures, a fact that may
arise from the benefits of multimedia in learning (Mayer, 2001).

Open discussions with participants on their
applications.

4. Instructors
Michail Giannakos is an ERCIM "Alain Bensoussan" Fellow in
the Department of Computer and Information Science at
Norwegian University of Science and Technology (NTNU). He
earned a Ph.D. in Educational Technology from Ionian
University, Corfu, Greece. Giannakos is the main author of more
than twenty five peer-reviewed research articles in the area of
Educational Technology and Computer Science Education.
Konstantinos Chorianopoulos is Lecturer in the Department of
Informatics at the Ionian University, Corfu, Greece. He has been
involved in most of the research and organization activities of the
EuroITV conference since 2003.

The outcome of this seminar leads to several benefits to
instructors, academic institutions and Internet-based learning
technology designers. The proposed model provides guidelines for
instructors interested in the development of educational webvideos. More importantly, the model provides a mechanism
though which the researchers can understand the appropriation
moves that the learners take. Finally, researchers focusing on
video learning analytics will become familiar with the state-ofthe-art in tools and analysis, in order to better understand the
actual use of video lectures by learners.

5. LEARNING OBJECTIVES
The attendees will gain knowledge on the following topics:
•
•
•

3. TUTORIAL OUTLINE
3.1 Format

•

Each Part will be ¾ lectures on techniques and ¼ open
discussion—allowing participants to engage and discuss the
framing of their own work.

Breadth of techniques for designing video lectures
State-of-the-art in video lecture systems and analytics
Practical applications in primary, secondary, and higher
education.
Discussion to engage with the instructors and attendees about
fitting their work in the presented methods.

6. ACKNOWLEDGMENTS
Our thanks to ACM SIGCHI for allowing us to modify templates
they had developed.

3.2 Length
Half day.

7. REFERENCES

3.3 Prerequisites

[1] Gkonela, C., & Chorianopoulos, K. (2012). VideoSkip: event
detection in social web videos with an implicit user heuristic.
Multimedia Tools and Applications, 1-14.

The tutorial is suitable for beginners to intermediate researchers
and practitioners in the field. No prior knowledge of video lecture
and usability design is required. We will present several
techniques and perspectives for the design and analysis of video
lecture. General knowledge of Usability and Interactive Video a
plus but not required.

[2] Giannakos, M. N., & Vlamos, P. (2012). Using webcasts in
education: Evaluation of its effectiveness. British Journal of
Educational Technology.
[3] Passerini, K., & Granger, M. (2000). A developmental model
for distance learning using the Internet. Computers and
Education, 34(1), 1–15.

3.4 Content
Introduction
Part 1

Overview of Current Research and framing of the
new state of MOOCs.

[4] Scutter, S., Stupans, I., Sawyer, T. & King, S. (2010). How
do students use podcasts to support learning? Australasian
Journal of Educational Technology, 26(2), 180-191

Video lecture analytics
Interactions collected via social systems
Example: SocialSkip and personalization

Part 2

Video lecture capturing and sharing
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Submission for iTV in industry Track.

Title
User experience: why it is not just about good usability and a flashy
design.

Content of talk
When dealing with the task of creating a user interface for a TV or multi
screen application agencies are faced with largely varying briefings - use
cases, technical requirement definitions, feature lists, napkins - that are
meant to formulate the requirements the application should meet.
Valid for all briefs is the need for a „positive user experience“ (it is a
differentiator!) that is oftentimes reduced to having a superb usability
alongside a stunning visual design and application feel that is „flashy“.
But: in order for an application to be able to supply a positive user
experience the real user needs must be met - hence identified beforehand
and translated into features on the platform. User requirements tend to
not follow pure technical feasibility nor the creative insight of an individual
person.
Markus suggests to build on the DIN-ISO 9241 compliant usability
engineering process to make sure applications do meet real users needs
and to pair that with the requirement definition approach that is currently
dominant within the customer‘s organisation.

Overview: different entry points into a UI concept&design process (left).

Seite 1 von 2
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Author & company
Markus Kugler, 34, is a dedicated user experience expert and certified
usability engineer that has been working in the online and TV field for over
a decade.
Together with his team the founder and CEO of coeno realizes positive
user experiences for TV- and entertainment solutions for customers such
as Kabel Deutschland, Sky, maxdome, nacamar, Kabel BW and Vodafone.
The agency coeno is specialized in the creation of high-class concepts and
designs for usable and joyful user interfaces. Projects won awards from
the Digital Communications Awards in 2011, the International ITV Awards
2012 and the CSI Awards 2012.

Seite 2 von 2
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Development of Universal Design Guidelines for Digital TV Equipment &
Services
Mark Magennis, Antoinette Fennell and Donal Rice
Dr Mark Magennis is the Director and Dr Antoinette Fennell is Universal Design
Researcher in the NCBI Centre for Inclusive Technology (CFIT). They are active in all
areas of digital inclusion and contribute to e-inclusion policy and standards in Ireland
and internationally. Mark has managed and worked on a number of EU funded
research projects on Universal Design. He has also worked extensively in the
commercial sector on software user interface design and usability evaluation.
Donal Rice is the Senior Design Advisor in the National Disability Authority’s Centre for
Excellence in Universal Design (CEUD). Dónal Rice has over ten years of experience
working on accessible and user-centred designed ICT projects.
In 2010, CEUD commissioned CFIT to develop National Universal Design Guidelines
for Digital TV Equipment and Services. As lead author, Dr Mark Magennis will present
the industrial paper, providing an overview of the user-centred Universal Design
process used and discussing the challenges of providing a service that addresses
diverse and extreme user needs.

Una is a 69 year old woman who lives alone. She
receives Digital TV into her home from one of the
two major Irish pay-TV service providers. She uses
the Electronic Programme Guide but feels that it
could be easier: “A bit crowded. It could be laid out
better.”

Emer is a 38 year old woman who is deaf. When
she ordered her TV service online she mentioned
that she is deaf and asked that they contact her by
email or text message. Despite this, they rang her
several times.
She arranged a time for an installer to call, but the
installer didn’t turn up: “They didn't come when I
expected; I wasted two days off work.”

She particularly likes the ability to record
programmes, but found it difficult at first: “I find it
great but a bit hard to get used to at the beginning.”

Emer relies on subtitles but can’t find reliable
information about which programmes are subtitled.

Una was pleased that the installation of the service
was very efficient and easy, but she has difficulty
with her billing: “So much information and detail, it’s
hard to work out how much it actually costs.”

Having paid extra money to subscribe to HD
channels, she is annoyed to find that subtitles are
not available on them.

The audience for Digital TV services comprises most of the population of any given
country. Addressing the needs of all users therefore presents a considerable challenge
for broadcasters, as it means catering for people of all ages, abilities and disabilities.
Digital TV service providers are therefore ideal candidates for applying Universal
Design in their services. Una and Emer, described above, represent just two of millions
of potential customers, all of whom have specific needs and expectations.
Two years before the Republic of Ireland switched from analogue to digital services,
the National Disability Authority commissioned the development of National Universal
Design Guidelines for Digital TV services and equipment. To ensure that the guidelines
addressed the needs of their intended users, the authors applied a user-centred
Universal Design process to their development. The result is a set of guidelines that
can be used by broadcasters, consumer equipment manufacturers and policy makers.
This paper describes the development process adopted, how it informed the structure
and content of the guidelines, as well as the challenges with developing guidelines for
service providers with such a diverse customer base.
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SocialTV,AudienceLoyalty,ACRandthePointofSale:
Howtocreatemeaningfulappsoutofthesebuildingblocks

WhileinteractiveTViscertainlynotanewthingandtheredbuttonisonlychangingintermsofsignal
routing,someelementsarerathernewtotheiTVequation.AudioContentRecognitionisonesuch
element,althoughithasalreadybecomeacommodity.Mobiledevicessmartphonesandtablets
havebroughtthesecondscreenasakeyelementtothe(livingroom)table,buthavealsofreedparts
oftheTVexperiencefromthelimitationofthecouchsetup.OTTvideodistributionisanother
importantpieceofthepuzzle,allowingmoreandmorechannelsandoperatorstoreachtheir
customersreallyonthego.
Inthispresentation,wewanttoshowcaseanddiscusshowtheseelementsarecurrentlybeing
broughttogethercreatingmeaningfulapplicationsforconsumers,andourfocuswillbeonnew
scenariosforthesecondoreventhethirdscreen(digitalsignageatthePoS)andhowandwhysome
modelsarebeing'successful'enoughtoberolledoutwhileotherremainstuckintheirinfancy.
CasestudieswillincludePoSsolutions
developedbyRedBullMediaHouse(morea

technology&distributioncase),newLoyalty
startupcases(TVSmiles,moreabusinesscase
analysis)andalsoalookattheweakpointsof
otherSocialTVstartupsandtheirsolutions.
SincewefirmlybelievethatbothUsabilityand
Metadataplayacrucialroleinlaunching
successfuliTVservices,wewillalsotakealook
atthesebusinessessentialsandwhatneedsto
bekeptinmindwhentacklingtheseissues.



RedBull’sMultimediaCooler

Aboutthebrainbehind&SebastianBecker:
SebastianBeckerisawellknownmarketexpertandcofounderofthebrainbehind,aMunichbased
boutiqueconsultancythathasbeenestablishedin2002.Hecoversarangeofconsultingdisciplines
frominnovationviaproductoptimizationtomarketintroduction.
Sebastianhasbeenactivelyhelpingclientstolaunchservicesinalotofmarketsandcontexts,
rangingfromMHPapplicationsin2001toplanningquadplayandconnectedhomeservicesin
2012/13.He’sageneralistratherthanasegmentexpert,startinghiscareerasafilmcriticafter
studyingPoliticalSciencesandChinese,allowinghimtothinkoftheindustryevolutionfromseveral
standpointsandwithseveralstrategyscenariosinmind.Hisworkreferencesinclude:BSkyB,Sky
Germany,DeutscheTelekom,Swisscom,RedBullMediaHouse,Digiturk,Multichoice,Foxtel,
MicrosoftMediaroom,NDS,Irdeto,Siemens,EPlusandmanymore.Seealso:
http://linkd.in/12hbmzo
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Thumbs up to gesture-controlled TVs?
A cross-cultural study on spontaneous gesture behavior
spanning 18 countries
Wherever you go in the world, people are different. And so is the way
they talk with their hands. Now what if you could operate your TV with
gestures? Would it understand you?
As a growing number of three-dimensional motion and gesture-controlled consumer electronics
come to market, there are new challenges for user experience design for globally merchandized
devices, as gesture behavior is presumably influenced by local cultures. As specialists for culture-specific user experience research, the UX Fellows network wanted to find out which gestures people from various cultures would spontaneously use to control consumer electronics
like interactive TVs. We conducted 360 face-to-face interviews with consumer electronics-savvy users in 18 different countries. The most frequent
spontaneously used gestures and their difficulty were identified for each country and then aggregated to a global view of a gesture map for typical TV functions. The talk will highlight cross-cultural aspects of semantic gesture control
for consumer electronics, using illustration and video material from all over
the world. It will raise the audience's awareness for the cultural aspect of UI Gesture for "share
current program"
technology adoption.
in Korea

UX Fellows is a network of specialized user experience research agencies around the world. What
unites us is our enthusiasm for the digital world and our
passion for hands-on, yet professional, UX research. Each
partner is among the leading UX research and consulting specialists in their markets. We have
joined the forces of 23 partner companies and established shared quality levels and processes
to make global user research as easy and professional as possible.

Michael Wörmann is managing director at Facit Digital, a leading
user experience research agency in Germany, and founder of UX Fellows. As a psychologist, he focuses on understanding consumer needs,
experiences and behavior in the area of desktop, mobile and lean-back
user interfaces. Michael has been examining UX success factors of smart TV and second screen
devices for many years.

19

2nd screen usage while watching TV: Capturing user
profiles for design

ABSTRACT
Broadcasters are interested in new interactive advertising and
sponsoring concepts, which can be developed for 2nd screens to
engage audience with TV shows.
How people actually use 2nd screens and how that affects on the
watching broadcasts and commercials? This paper describes 2nd
screen usage while watching TV according to our survey study
(N=2473) and presents four 2nd screen usage types, which have
been constructed based on ethnographic observation at
participants homes during highly popular commercial TV shows.
These different usage types may be related to number of issues for
instance to certain program formats. Thus 2nd screen applications
design should recognize and consider the needs and habits of
different usage types.

4

like cleaning, cooking and childcare intertwined with
personal and more voluntary tasks like magazine
reading and web browsing. TV broadcast is on without
interruption usually whole evening.
Web-Individualist: chooses devices that are most
practical for the situation and the desired viewing
experience. They are indifferent towards advertising. If
they happen to watch a show that includes commercial
breaks, they use that time focusing on another task.

1. CHARACTERIZING OF THE 2ND
SCREEN USERS
1.1 Using 2nd screens
37% of the respondents named one or more device they
were using while watching: a laptop (34%), a smart phone with
touch screen (22%), a table computer (13%) and a regular mobile
phone (14%), a tablet device (6%) or the smart TV features (2%).
Using tablet devices while TV watching was very popular among
tablet owners. 62% of the tablet device owners utilised the device
while watching TV. Half of the smart phone owners used the
phone as they watched TV. 42% of the laptops were in use while
watching TV. 2nd screen devices were used to mostly to browse
the Internet (37%), connect with friends through social media
(21%) and to check information related to TV programs (19%).
3% of the respondents stated that they check info of advertised
products.

Figure 1. Above (left): Intensive Enjoyer wants to immerse
him/herself in watching TV and uses 2nd screens before or
after programs.
Above (right): For Everyday Performers the viewing situation
is filled with chores and they use 2nd screens usually to check
something during the programs.

1.2 Different 2nd screen usage types

Below (left): Web-individualist chooses devices that are most
practical for the situation and the desired viewing experience.

There are several different ways to use 2nd screen devices during,
before and after TV programs. The 2nd screen usage types are
described briefly in the following.
1

2

3

Below (right): For Impulsive Zappers TV watching is
fragmented and impulsive.

Intensive Enjoyer: the main driver for watching TV is
enjoyment and pleasure. They are looking for intensive
TV experiences that they can really concentrate on
without any disturbances. They use 2nd screens mainly
before or after programs.
Impulsive Zapper; TV watching is fragmented and
impulsive; the attention is divided to different directions
and is quickly switching between tasks. They use 2nd
screens during TV shows.
Everyday Performer: viewing situation is filled with
chores especially before late-night: household duties
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EuroITV2013 Como – Industry Track

Crowdsourcing the future with your television subscribers
With the creation of the first company fan page on Facebook
in the summer of 2011, Sky implemented its first official “open
platform” to get in touch with subscribers and prospects. This
can be seen as a first step towards Crowdsourcing. However,
Facebook fan pages are rather hard to control in terms or
surveys and especially for “critical” topics a closed platform
was needed.
In 2012, Sky initiated it’s first Crowdsourcing platform in order
to explore this new research option, For the company this was
a rather new approach, as until then rather traditional research methods were applied.
Since then, two Crowdsourcing projects have been successfully conducted and valuable insights
could be collected, both on the method, but also on questions concerning the future of our products
we discussed directly with our subscribers. In the industry track, we would like to present those
valuable insights.
The author/presenter
As a cultural anthropologist, Mirja
Mirja BaechleBaechle-Gerstmann is dedicated to understanding how people
are affected by today's technology in their daily lives. For over 7 years she has consulted for clients on
how to improve their web-based products and services. Over the years she has acquired strong skills
in the media industry, especially in the area of future television, which she now uses in her position as
Head of Insights at Sky Deutschland. Mirja holds an MA from Ludwig-Maximilians-University in
Munich (Germany) and is member of the international Usability Professionals' Association (UPA).
The company
Sky Deutschland (sky.de) Sky Deutschland is the leading pay TV company in Germany and Austria
with 3.4 million subscribers. Sky offers more than 70 channels with live sports, current films, awardwinning TV series, kids programs, and documentaries. Sky subscribers have access to 65 channels in
unique HD quality including an exclusive 3D channel. The innovations Sky Go and Sky Anytime
enable the customers to receive their program on the road as well as on demand.
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MPEG-DASH enabling adaptive streaming with
personalized commercial breaks and second screen
scenarios

ABSTRACT
The growing demand for video streaming over the Web has
pushed the importance of the recent MPEG standard Dynamic Adaptive Streaming over HTTP (MPEG-DASH). With
MPEG-DASH video delivery will be harmonized across the
Internet by enabling consumption and transport of adaptive
bitrate content.
Future opportunities that come with this technology are discussed in this paper as well as the challenges that have to be
mastered. The topics deal with various aspects of MPEGDASH deployment ranging from the fundamental content
creation over applied adaptation to smart use cases like
personalized commercial breaks or session mobility-enabled
adaptive video streaming.

Keywords
MPEG-DASH, Internet Television, HTTP Streaming, Second Screen, Personalized Commercial Breaks

1.

INTRODUCTION

Audio and video streaming over Hypertext Transfer Protocol (HTTP) has received much attention in recent months
due to its ability to be accessed by any consumer device that
is connected to the Web by increasing bandwidths and affordable provider contracts. In addition, advances in streaming like dynamic adaptation on changed connection quality
or serving media resolution depending on the current demands of the user’s device are applied to HTTP streaming as well. The recently published ISO standard Dynamic
Adaptive Streaming over HTTP (MPEG-DASH) [6] deﬁnes
media presentation and content formats and is growing in
popularity as well as becoming generally accepted by most
vendors of pre-existing technologies. It has various possible
use cases in the ﬁeld audio and video content distribution,
including live, on-demand and premium content. This area
is as popular as never before with increasing customer numbers for services such as Spotify [3] or Netﬂix [2] (represents
29.7% of North American Peak Downstream Traﬃc [4]). In

combination with ubiquitous computing, from computer via
tablet and smartphone through to TV, over any network, the
need for MPEG-DASH support in browsers for these devices
is growing as well. Streaming media has become a commodity. Moreover open standards such as HbbTV have adopted
MPEG-DASH in recent speciﬁcation releases (HbbTV Version 1.5 [7]).
MPEG-DASH consists of a XML based manifest ﬁle named
Media Presentation Description (MPD) that refers to diﬀerent representations of one media. Multiple representations
of a speciﬁc media component are bundled to an adaptation set. The representations are provided in a segmented
format and can be switched within an adaptation set adaptively. This format evolved from early eﬀorts done by 3GPP
with their proposal of Adaptive HTTP Streaming. At this
time proprietary solutions like Microsoft Smooth Streaming, Apple HTTP Live Streaming and Adobe HTTP Dynamic Streaming existed, but only worked in the respective
company’s own component ecosystem. This led to the existence of multiple diﬀerent formats that were not interoperable. To overcome this issue MPEG-DASH was developed
on the basis of the 3GPP approach and with the lessons
learned from the other existing approaches. In the meantime MPEG-DASH experiences a wide approval by many
big players connected by the DASH Industry Forum.

2.

STATE OF THE ART

The majority of currently available DASH clients consist
of native implementations, such as the Osmo player [1], or
media player plugins, e.g. VLC [5]. As far as we know,
DASH is not yet natively supported by any browser. However, there are eﬀorts to enable HTTP adaptive streaming
in HTML5 with major contributions of the Web Hypertext
Application Technology Working Group (WHATWG) and
the W3C HTML Working Group.
The ANONYMIZED solutions Famium and MPEG-DASH
transcoder build a platform for the consumption and delivery of adaptive bitrate content. Famium is a Webkit-based
web browser with integrated MPEG-DASH support. The
Famium extensions are based on W3C proposals on Media
Source Extensions and Encrypted Media Extensions. For
the usage in delivery networks, the MPEG-DASH transcoder
supports MPEG-DASH-compliant content creation, including common encryption for ISO Base Media File Format
(ISO BMFF). With an end-to-end solution for browser-based
DRM for MPEG-DASH, ANONYMIZED addresses the need
for a common DRM-interoperable encryption and HTTP
adaptive streaming, which is a key factor in Internet deliv-
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personal or classroom use is granted without fee provided that copies are
not made or distributed for proﬁt or commercial advantage and that copies
bear this notice and the full citation on the ﬁrst page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior speciﬁc
permission and/or a fee.
Copyright 20XX ACM X-XXXXX-XX-X/XX/XX ...$15.00.
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ered video. Further ANONYMIZED DASH proxy, as a concept to enable DASH-unaware clients (legacy clients) to handle DASH content and take advantage of adaptive streaming
features was developed.

3.

speciﬁc contents broadcasted at pre-deﬁned times can be
exchanged as well. That allows for instance the usage of
diﬀerent camera angles for live events selected by the user
or predicted by a recommendation engine. And it allows, of
course, the usage of personalized commercial breaks.

OPPORTUNITIES

II. Personalized commercials using MPEG-DASH

I. IP-based Broadcast TV

Broadcast TV channels over IP can leverage the bidirectional connection to personalize advertising, e.g. based on
users’ TV watching behavior or ratings. Consequently consumers are only shown commercials that are of interest to
them. Thus, a child will not see the regular horror movie
trailer but a video showing a toy commercial delivered over
IP.
The exchange of ads in an exclusively IP-based environment can use all beneﬁts of MPEG-DASH: a seamless start
without video initializing and buﬀering, adaptive streaming
and content protection. One approach for using personalized commercials is to replace the relevant parts in the description ﬁle. A MPD-File, which contains the metadata of
adaptive video streams to be played back, can be linked to
other MPD-Files presenting an ad stream for a pre-, midand post-roll [6]. This second MPD-File is generated on demand on a recommendation server and contains the corresponding video information for a speciﬁc spot. The decision
what content and therefore which description ﬁle shall be
retrieved server side is based on collected information for
the current user.
Taking the law compliance as given, broadcasters must
collect usage data to predict the users’ behavior and their
likings to ﬁnd the best ﬁtting commercial. One method to
get the needed data is the collection of automatically generated feedback such as the watching behavior. Another way
is the collection of explicit feedback, as end customers can
directly rate actual ads. Collaborative ﬁltering algorithms
deﬁned in order to predict ratings and to recommend the
potentially best ﬁtting commercials will leverage the personalized commercial breaks.

MPEG-DASH enables the delivery of video content over IP.
These streams, no matter if on-demand or live video, can
be received by multiple devices supporting MPEG-DASH,
e.g. laptops, mobile devices and hybrid TV sets. The latter present a huge opportunity for broadcasters and content
providers to transmit their already existing contents to the
end customers by using the Internet Protocol. The main
requirement is, of course, an Internet-enabled TV set.
During summer 2012 European broadcasters already experimented with a unicast HTTP-based live video transmission, but without using MPEG-DASH, as this approach
was not supported by HbbTV in the corresponding time period. For instance six diﬀerent Olympic Games’ live streams
were shown on the red button presence of the German public broadcaster ARD, instead of using dedicated broadcast
channels as was done for previous Olympic Games. The
user could switch between diﬀerent sports and see the corresponding live contents without leaving the current channel.
It is obvious that this approach is focusing on minimal
broadcast and maximal broadband bandwidth. Broadcast
channel slots and their corresponding bandwidth are sold by
the DVB-T, DVB-C and DVB-S service providers, and are
relatively expensive. Broadband bandwidth in contrast is
almost free and the service providers ”only” have to provide
an adequate content delivery infrastructure.
The non-adaptive unicast streaming approach leads to
several issues and consequently a bad user experience. For
example, the video quality had to be decreased signiﬁcantly
to allow a ﬂuent video playback. Moreover freezing and stuttering due to buﬀering during streaming have not been an
exception. These issues may have been caused by an unexpectedly high number of viewers, but are also due to the
nature of non-adaptive unicast streaming. Adaptive streaming oﬀers a solution to this problem. It allows devices to
seamlessly adapt to media representations (e.g. in terms of
resolution, codec or bitrate) that ﬁt the user’s device and
network connection best. Besides delivering the content in
the highest quality available for a given network, faster start
up times for media playback can be expected. At the same
time delivery costs are decreased, because CDN eﬃciency
can be leveraged.
The usage of the new HbbTV 1.5 Standard [7] for Internetdelivered TV will increase the user experience by using the
beneﬁts of MPEG-DASH, such as adaptive streaming and
content protection on hybrid TV sets. For instance the video
quality will not decrease on cloudy days, when there is no
DVB-T or DVB-S signal, and depends only on the Internet connection. The broadcasted streams can be protected
with procured common encryption approaches, validating
the authorization of the current viewer. The broadcasters
can ensure the delivery of speciﬁc content for speciﬁc regions,
devices or user groups.
The most advanced approach is the possibility of dynamically exchanging content. Local versions of channels can be
broadcasted only for speciﬁc IP-areas. Furthermore, only

III. Session mobility and Second screen
Second or more screens can leverage the experience of media consumption. While the main content of a live sport
event may be presented on the main TV in the living room,
the tablets of the people in the room can be used to show
additional information synchronously. This can be other
camera angles like on board cameras of single car drivers,
or always having an overview of the whole racing track of a
Formula 1 race. Additional statistics may also be presented,
as well as targeted advertisement. Further, session mobility
can be easily realized using MPEG-DASH. The media representations in MPEG-DASH use a common timeline, which
enables simple timestamp synchronization between devices.
For example, this allows a user to watch a movie on the TV,
and when leaving the home, the TV session can be transferred to a mobile device to continue watching the movie.
Another opportunity for using MPEG-DASH is the possibility to support additional content metadata. The Media Presentation Description (MPD) therefore supports the
declaration of diﬀerent roles for an Adaptation Set that contains a media component. A role of an adaptation set has
an attribute schemeIdUri and a value. For the schemeIdUri
”urn:mpeg:dash:role:2011” the following roles are deﬁned:
caption, subtitle, main, alternate, supplementary, commen-
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tary and dub. Each role shall be used for media content
to describe it further, so a MPEG-DASH client can decide
which media content to use. Other schemeIdUri and therefore other Role values can be used as well.
Supporting multiple screens with diﬀerent content is possible using the role description and a single MPD ﬁle. This
can be for example a car racing video. The MPD ﬁle contains one adaptation set with a role value ”main”. The media
ﬁles in this adaptation set show the racing from an on top
view. Additionally other Adaptation Sets in the same MPD
ﬁle are marked with the role value ”alternate” or ”supplementary”. Media content within these adaptation sets may
show videos from the cockpit perspective of diﬀerent cars.
A MPEG-DASH enabled website and player can now use
this extra information to play diﬀerent content on diﬀerent
devices. Synchronized playback of these videos is one challenge that is addressed in this paper (see section III of the
challenges).
There are diﬀerent possibilities for MPEG-DASH players
to choose the role and therefore the media to play. The
players can show users the available roles to choose so every
user can decide on his own what to see. A second approach
is that there are players who know that they are supposed
to only play media that is marked with certain Role values.
Another way is that the players themselves do not get the
whole MPD ﬁle.
Second or multiple screen scenarios can be leveraged if
the users do not need to act on every device to beneﬁt from
media described by one source. This can be achieved for
example by some application logic within a website. Every
device in a household connects to the same website and is
therefore joining a session. The application now knows the
existence of diﬀerent devices. After selecting a MPD ﬁle on
one device, this screen shows the media that is described by
the main role. All connected devices or devices that join the
same website after that get changed versions of the original
MPD ﬁle. This means that some media marked as ”alternate” in the original MPD ﬁle may now be marked as ”main”
and the original main Adaptation Set is removed from the
MPD ﬁle for the other devices. This way the players do not
need to decide anything but playing ”their” main media.
A Second screen scenario can also be achieved by special
MPEG-DASH players. The decision which part of the MPD
should be played can be determined on the client. One approach is that the user manually selects the camera angle of
the car race, for example. Or that each player on each device knows what to play. This can depend on other players
discovered in the local network using, for example, UPnP or
Bonjour. The decision can also depend on device capabilities and properties like the screen resolution or the ability to
listen on touch events. Standards such as MPEG-21 (Part 2:
Digital Item Declaration) can be useful in combination with
second-screen and session mobility scenarios using MPEGDASH. It describes an interoperable format to distribute
and transport media content and states.
MPEG-DASH players do not necessarily need to be implemented as an installed binary program. Using the Media
Source Extension [9] content delivery providers can build
their own MPEG-DASH players for each scenario they want
to support. The MSE is an upcoming W3C standard for
Web browsers. It describes a JavaScript API to dynamically push media segments into an HTML5 video or audio
object.
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4.

CHALLENGES

I. Algorithms for Adaptive Streaming
The ﬁrst and most crucial challenge of using MPEG-DASH
is the implementation of a client enabling smooth media
playback. The deployment of MPEG-DASH alone is not sufﬁcient for getting all the beneﬁts of this solution. The key
component will be the adaptivity algorithm of the client.
Since this part is not deﬁned in the standard it plays a determining role as distinctive feature.
The bandwidth that is available deﬁnes the maximum possible bitrate for a representation to be used. An approach
that is often used for reaching the best quality representation
is to start with the lowest bitrate available and gradually increase the quality of the representation. This converges the
player to the maximum bitrate and allows for checking the
stability of the network condition.
But network condition can vary everywhere the Web is
accessed. The most aﬀected devices are obviously mobile
phones and tablets connected via a cellular network. The
coverage of a mobile network’s base station is limited as well
as its amount of clients that can be served. This quickly
leads to a bottleneck and bandwidth losses for each user.
The bandwidth changes in this kind of network can diﬀer in
type and intensity and vary from small spikes to long-term
changes. Often used with mobile phones and tablets but also
with laptops are wireless networks based on the IEEE 802.11
standard. Characteristic for this kind of network are small
spikes [8]. The nature of a local area network (LAN) is the
connection to other members that share the same Internet
connection to the Internet service provider (ISP). This can
lead to unexpected bandwidth drops when other network
members cause high traﬃc loads. This applies to a wireless
LAN as well.
The length of the media segments, or more detailed, the
distance of key frames, has an impact on the reaction time
of the algorithm. Long key frame distances make the client
react more slowly than short distances do.
Eﬃcient switching is very complex and diﬃcult to develop.
Its behavior depends on the kind of change that is happening, whether it increases or decreases bandwidth, whether it
is a small spike, or a long-term change. It also depends on
the buﬀer settings that can be facilitated. And in the end it
has to incorporate human aspects of usability. Big steps in
quality changes are not expected by the user, therefore the
quality should be smoothly shifted to the current possible
one. Frequent changes are annoying and thus not recommended to happen. But bandwidth can cause this types of
behavior, e.g. by a break-in of bandwidth from highest to
the minimum quality level for several minutes on a mobile
phone, or oscillating on the bandwidth threshold of a speciﬁc
quality level. On short spikes that last only for few seconds,
the buﬀer can possibly compensate the occurred gap, depending on its settings. A proper switching algorithm needs
to consider all of these properties to enable a smooth and
pleasant viewing experience.

II. Content creation
In the context of consuming MPEG-DASH media, the counterpart is its creation. The MPEG-DASH format is basically
format and codec agnostic. Nevertheless, the standard currently deﬁnes rules for the two container formats: ISO Base
Media File Format (ISO BMFF) and MPEG-2 Transport

Stream (MPEG-2 TS). These rules are applied by diﬀerent
proﬁles for each container format and specify restrictions on
the manifest ﬁle as well as the content.
As the proﬁles just limit the appearance of the container
format, it is possible to convert current content to the MPEGDASH format by just repacking it along the proﬁle rules.
But adaptive streaming holds some challenges that need
some more eﬀort.
First of all, the content has to be encoded into diﬀerent
quality levels, i.e. bitrates. These bitrates should be chosen
in an appropriate way to meet the desired target characteristics. The choice of appropriate bitrates is not the only issue
that comes with content creation for adaptive streaming.
During the creation process, the content will be partitioned
into segments and fragments. One segment can contain one
or multiple fragments. As mentioned in the chapter about
algorithms for adaptive streaming, the segment length plays
an important role in the behavior of a MPEG-DASH client.
Shorter segment lengths mean a more reactive adaptive behavior. At the beginning of a segment, there should be one
key frame, i.e. one full picture. Using short segment lengths,
the key frame rate might be higher than necessary. This
leads to higher storage usage as well as higher bandwidth
usage. Alltogether, this raises the task of searching for the
right tradeoﬀ between eﬀective resource usage and adaptivity reaction time.
The creation of MPEG-DASH content can possibly be
simpliﬁed when existing adaptive streaming technologies like
Mircosoft’s Smooth Streaming, Apple’s HTTP Live Streaming (HLS) or Adobe’s HTTP Dynamic Streaming are already
used. Conversion of content compliant to one of those technologies might be less eﬀort than a completely new transcoding/repacking process. The format used in Smooth Streaming is closely related to ISO BMFF using the live proﬁle.
Adobe uses the MP4 container format being a specialization
of ISO BMFF and therefore also closely related to a MPEGDASH format. Apple instead uses MPEG-2 TS. But with
the latest HLS speciﬁcation the format seems to approach
to the MPEG-2 TS proﬁles deﬁned in the MPEG-DASH
standard.

III. Synchronization of multiple devices
Using MPEG-DASH for multiple devices raises the challenge
of synchronization, as this is important for the aforementioned second-screen and session mobility scenarios. The
shown content in the scenarios may need to have the same
state. Furthermore some scenarios may need to play media
in time synchronization, so actions in the media happen at
the same playback time.
Communication and synchronization of diﬀerent devices is
not part of the MPEG-DASH standard. This means there
exists no single recommended way of realizing this issue. The
program part controlling this mechanism can be part of the
MPEG-DASH player or application logic in a website that
communicates with a synchronization server, for example.
A synchronization scenario which cannot rely on extra information, can be implemented by only using current standard web technologies. Using WebSockets a website can
send and receive data via the TCP protocol. The client devices open the Web application and will be connected to
a server. The synchronization server is part of the service
provider’s delivery network. All information is sent to the
server instead. The server then evaluates incoming data
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such as if a user wants to pause the video and sends this
information to all connected clients, so they will pause their
media as well.
A centralized controlling mechanism has the advantage of
one ”real” state that is only pushed to other devices. Conﬂicts like which time to use for playback will be resolved
in the server logic. The MPEG-DASH players do not need
to have special implementations. Only standard functions
like play, pause and seek are needed to synchronize the players on all devices. Depending on the service there are some
arguments that are against the synchronization of multiple
devices using a client-server architecture and where a peerto-peer architecture is more applicable: A server system is
needed. The mentioned application logic can not only be implemented using standard HTTP servers. Sessions needing
to assign devices to be in sync with each other may need additional information like account name and password. This
information is stored by the service providers. Storage of
user data may be a barrier to using this technique.

5.

CONCLUSION

Today MPEG-DASH client as well as server implementations are still in development. There are not many native
MPEG-DASH clients available and implementation work for
built-in browser support or corresponding APIs is still in
progress. The paper gives an outlook on future scenarios
and advantages that come with them by using the MPEGDASH technology.
We described some already possible scenarios, which beneﬁt from Internet delivered television. The ability to have
session and context information as well as the possibility
to deliver diﬀerent content parts to diﬀerent users or devices will greatly improve the user experience. With MPEGDASH support growing and implementations improving, the
opportunities previously mentioned in this paper can be realized when the mentioned challenges are handled to create
new business models and improve user experience.
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ABSTRACT
This paper introduces a user-friendly 3D free-viewpoint videobrowsing interface that applies multi-touch manipulation to virtual
camera control. It is difficult for general users to browse 3D freeviewpoint video because they are not accustomed to controlling a
virtual camera from a free-viewpoint perspective. We focus on the
multi-touch interface installed in tablet PCs as an input device,
which has become a popular interface thanks to its easy and
intuitive manipulation. We conduct subjective evaluations to
define suitable gestures for virtual camera control. The results
reveal which multi-touch gestures users tend to prefer for
controlling a virtual camera.

 with multi-touch gestures
Figure 1. Virtual camera control

Categories and Subject Descriptors

point at same time by using both hands. The overview monitor
allows the user to understand the context of the scene that is being
captured. Thus, it is possible to accurately track moving objects
such as a ball or players in a scene. However, this requires a lot of
equipment, such as a 3D position sensor and large displays. Such a
setup might not be available in the outdoor environment or in a
living room. Inamoto et al. developed an interface using a headmounted display (HMD) [7].Users can enjoy a free-viewpoint
video of a soccer game by observing an augmented reality (AR)
scene in a dioramic soccer stadium.However, the movable area of
the virtual camera is constrained by human body motion.
As shown in Figure 1, we propose an interface that utilizes
widely used equipment (e.g., a tablet PC) as an input device,
which aims to control a virtual camera as the user chooses. These
days, watching videos on a smart phone or a tablet PC has become
popular; our approach is an extension of these recent video
browsing trends. In order to develop a user-friendly interface, we
have to solve an important problem caused by the difference in
degrees of freedom between the virtual camera motion and the
input positional information given by the tablet PC (multi-touch
gestures). In other words, we need to control a virtual camera,
which has seven motion parameters (i.e., 3D positions, 3D
rotations and a zoom), by using a multi-touch interface, which can
input 2D positional information and a click.
As the first step to solving the problem, in this paper we
investigate user-friendly multi-touch gestures for controlling a
virtual camera that captures free-viewpoint videos. We collect
subjective evaluations to define suitable gestures for virtual
camera control.

H.5.2 [Information interfaces and presentation]: User
interfaces—Interaction
styles,
.5.1
[Multimedia
Information Systems] Artificial, augmented, and virtual
realities.

General Terms
Performance, Design, Experimentation, Human Factors.

Keywords
3D free-viewpoint video, user study, 3D navigation, multi-touch
gesture

1. INTRODUCTION
As computer vision and image media technologies are well
developed, 3D free-viewpoint video generation is garnering much
research attention [2][8][10][13]. The free-viewpoint video
technique makes it possible to observe the target scene from
various viewpoints including an immersive view and a bird’s-eye
view. In a large-scale space like a soccer stadium, the advantage
becomes remarkable [10]. There are well-developed methods for
generating a free-view using computer vision and computer
graphics. On the other hand, the interfaces for freely controlling
the movements of a virtual camera in a 3D environment still have
room for improvement. We consider that developing a userfriendly browsing interface is necessary for popularizing freeviewpoint video. Further, such an interface has to fully
demonstrate the merits of free-viewpoint video. Watanabe et al.
[17] developed a 3D free-viewpoint video browsing system that
controls a virtual camera by using a 3D position sensor and an
overview monitor. The user can watch free-viewpoint videos to
smoothly set the viewpoint and the gazing

2. RELATED WORK
In the computer graphics (CG) and virtual reality (VR) research
fields, some research has been conducted about virtual camera
controlling methods using a two degrees of freedom input-device
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gestures, “Form” (the state of the touching finger), “Trajectory”
(the locus of motions of fingers) and “Initial Point Location” (start
point of fingers). We also analyzed the subjects’ touch position,
the numbers of fingers they used and the direction of movement.

such as a mouse [4][5][12][17][18][19][24].
Cohe et al. [2] proposed a method named “tBox” which has a
cube-widget around a CG object and users can control its rotation,
translation and scale to touch the sides or apexes of the cube.
Martin et al. [5] proposed an interface, “Navidget”, for
navigating in a 3D environment using a 2D input device such as a
PDA or a mouse. It provided easy 3D navigation by improving
point of interest (POI), which is a 3D navigation method proposed
by Makinlay et al. [11]. The widgets for the Navidget allowed
users to easily control a virtual camera with only one-stroke
gestures. This method also provides visual effects and a preview
window to compare the displayed view and the virtual camera
view after the position/orientation is changed.
Hancock et al. [8] and Martinet et al. [12] proposed a method for
controlling CG objects using multi-touch gestures. This method
switches the various control methods for CG objects (e.g., 2D and
3D navigation) by referring to the state of specific touch points.
These four approaches work well for controlling a virtual camera
in 3D CG space; however, they deal with only static CG objects.
In contrast, our target application is for capturing free-viewpoint
videos of dynamic scenes such as soccer games. tBox is suit for
realizing CG controlling interface because it is based on formative
study to find the most suitable multi-touch gestures. So we try to
propose a user-friendly interface by following the approach.
Navidget is a user-friendly interface, which has intelligible
functions for easy 3D navigation, such as visual widgets and a
preview window; however, it is difficult to observe/check the
additional windows while capturing free-viewpoint videos in a
dynamic scene. We need to realize virtual camera control that
allows the user to keep watch on the captured video window. The
approach of Martinet et al. [12] for realizing various types of 3D
virtual camera control using a 2D input device that refers to the
state of touch points is helpful for our development. We apply
their proposed method, which focused on controlling CG objects,
to controlling a virtual camera to capture free-viewpoint videos.
Human touch gestures and design of virtual camera control in
CG space has also been actively researched. Colin et al. [16]
conducted experimental evaluations on methods of operating a
virtual camera in 3D space. They compared three types of
operations, “scene-in-hand”, “eyeball-in-hand”, and “flyingvehicle”, using a 3D position sensor, which has six degrees of
freedom. We had to consider how to apply their results to a multitouch input device, which cannot input as much information at the
same time.
In order to realize a user-friendly multi-touch-based interface,
Hinrich et al. [6] conducted a study of touch gestures. In the
observation, they set up multi-touch tabletop interfaces for
browsing visual information in an aquarium, and analyzed the
observed users’ gestures (e.g., translation, rotation, pushing the
buttons, etc.) Purposely, they did not provide a manual for
controlling the interface so that they could observe natural human
multi-touch gestures. Cohé et al. [1] also displayed 3D objects by
using a video projector on a table and asking subjects to control an
object without giving any instruction on multi-touch gestures.
They analyzed the subjects’ multi-touch gestures for controlling
rotation, scaling and translation of the 3D object. Although the
display device is quite different (i.e., a large projected display and
a small touch pad), their approaches are helpful to us. We
observed subjects’ multi-touch gestures in our free-viewpoint
video browsing system without providing instructions for use, and
classified the results of the observations in order to identify
suitable multi-touch inputs for controlling a virtual camera in each
scene. In classifying our experiments, we referred to Cohé’s
approach that analyzes especially the three kinds of the subjects’

3.

FREE-VIEWPOINT VIDEO BROWSING SYSTEM USING MULTI-TOUCH
GESTURES

3.1 Generating free-viewpoint videos
As illustrated in Figure 2, our free-viewpoint video browsing
system is based on the 3D live free-viewpoint video system
proposed by Koyama et al. [10]. It executes all processes, from
capturing multiple images to rendering free-viewpoint video in
real-time by using an effective 3D modeling technique, a “player
billboard”, which represents a target object (e.g., a soccer player)
with a single polygon and its texture.
In a scene recognition block, a target scene is captured by using
two cameras set in higher places such as rooftops, and the 3D
positions of a soccer ball/players are calculated using stereo vision.
In a multiple video capturing block, multiple videos to extract the
texture information of the players are simultaneously captured. To
completely obtain all the texture information without large
appearance gaps between the multiple cameras, the system should
have a layout of more than eight cameras. The 3D modeling
server generates a 3D model of the target objects using the
estimated position and the texture information, and transmits the
3D model, which is necessary for rendering an observer's view, to
the 3D free-viewpoint browser. In the 3D free-viewpoint browser
block, users input a desired viewpoint to observe the soccer action
by using a multi-touch interface, which is discussed in this paper.
Then the system calculates the camera parameters of the virtual
camera and sends them to the 3D modeling server. When the
browser block receives a 3D model corresponding to the request,
a 3D free-viewpoint image is rendered and displayed using the
model.

Figure 2. Our proposed free-viewpoint browsing system

3.2 Browsing Interface For Free-viewpoint
with Multi-touch Gestures
In this section, we introduce some issues that have to be
considered in our free-viewpoint video browsing system, and our
approach to solving them.
Our proposed system aims to allow users to comfortably observe
free-viewpoint video without having to prepare display equipment.
So, as shown in Figure 3, we developed a free-viewpoint video
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exercise. Before this warm up, the subjects were informed that
control of the virtual camera is realized by controlling the
viewpoint (position), the gaze direction (orientation) and the zoom,
and they were shown example movies so they could easily
understand. The subjects were also informed that they could input
gestures using two fingers, that the experiment did not have any
correct answers so they could freely gesture as they wanted, and
that there was no time limit for the experiments.
4.1.2 Video sequences for subjective evaluations
In our evaluations, the subjects observed short video sequences (5
seconds) generated at a fixed viewpoint, and then were asked to
perform a specific camera movement using multi-touch gestures.
Each video sequence contained 3D objects such as a ball and
soccer players as cues for camera control.
As shown in Table 1, we prepared 12 video sequences. They
were divided into 2 groups. Of these, 6 of them are the view from
a player standing on the soccer field (field view video); the others
are the view looking down the soccer field (bird’s-eye view video).
Each group was classified into three sub-groups, “gaze direction
(orientation)”, “camera position” and “zoom”, by the controlled
camera parameters. The gaze direction (orientation) and camera
position were divided into another subclass depending on the
direction of movements.
As shown in Figure 4, the field view videos reproduced a scene
that a soccer player was watching, and these are expected to give
immersive presence to users than ordinary telecasted video
sequences. When free-viewpoint video telecasting is put to
practical use, users may tend to observe the field view video so it
is important to investigate virtual camera control methods using
multi-touch gestures in the field view video.

browsing system using a tablet PC as a common information
terminal device. Since visual widgets such as GUI controllers
sometimes disturb video browsing, and the display size of a tablet
PC is much smaller than a PC monitor, we decided not to use any
visual widgets, but only multi-touch gestures for control. By using
multi-touch gestures, users can input more pointing information at
the same time than when using only single-touch gestures. To
utilize this feature, we aim to compensate for the difference in
degrees-of-freedom between the virtual camera motion and the
input positional information given by the tablet PC (multi-touch
gestures). A “pinch-in/out gesture”, which is commonly used in
smartphone and tablet PC interfaces, is a good example.
However, it is difficult to completely compensate for the gap
between the virtual camera motion and the input positional
information. So we needed to carefully consider the
correspondence table between the multi-touch inputs and the
virtual camera motion. In the free-viewpoint browsing system, the
users control a virtual camera with multi-touch gestures while
watching the displayed view. If the user is not satisfied with the
view, he/she controls the virtual camera in order to capture a
preferred view. In this process, the user has to image motions of
the virtual camera to get the preferred view. In order to realize the
interface for various types of users, the change of the capturing
appearance should be intuitively estimated by multi-touch
interface inputs and should be accepted by general consensus.
However, there has not been any research aimed at defining multitouch gestures for controlling a virtual camera for capturing freeviewpoint systems. So in this paper we conduct some subjective
evaluation to define them.

Figure 3. Free-viewpoint video browsing system using a
tablet PC

4. SUBJECTIVE EVALUATION TO
DEFINE SUITABLE MULTI-TOUCH
GESTURES FOR CAPTURING FREEVIEWPOINT VIDEOS
Figure 4. Examples of field view videos

In this section, we introduce our subjective evaluations for
defining user-friendly multi-touch gestures for virtual camera
control to capture free-viewpoint videos.

One of the typical camera shots in ordinary telecasted video
sequences is the view overlooking a large area at a glance, as
shown in Figure 5. The audiences can immediately understand the
situation in a soccer game by observing the video sequence. The
bird’s-eye view video that enhances this overview feature is one
of the advantages of free-viewpoint video. It is also important to
investigate the virtual camera control methods using multi-touch
gestures in the bird’s-eye view video.

4.1 Procedure and Environments of Our
Subjective Evaluation
4.1.1 Warming up and preliminary explanations
In order to familiarize the subjects with observing free-viewpoint
videos and controlling the virtual camera using the multi-touch
interface, 12 types of short (2 or 3 seconds) free-viewpoint videos
were displayed on a tablet PC monitor (the display order was
random), and for practice, the subjects were asked to input a
multi-touch gesture that controlled the virtual camera that was
capturing the video sequence. The free-viewpoint video was
continuously playing until the subjects finished the gesture input
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Figure 6. Environment for the experiment

4.3 Results and Discussion
We conducted subjective evaluations with 14 subjects by
displaying 12 kinds of video sequences. For each video sequence,
the subjects input their evaluation three times. As a result, we
extracted 504 multi-touch gesture data. In this section, we
introduce the results of our analysis for the data set.

Figure 5. Example of bird’s-eye view video

4.1.3 Instructions for subjects
In all evaluations, we asked subjects to imagine controlling the
virtual camera to keep watching a ball using their favorite multitouch gestures. It was possible to input the gestures whenever
he/she wanted. In each trial, the attributes of the controllable
camera parameters were fixed (e.g., gaze direction (orientation),
camera position or zoom, so that we could investigate how the
subjects used the different multi-touch gestures to control each
attribute of the camera parameters. The subjects were given
clear instructions. For example, the instruction for controlling the
gaze direction (orientation) was “rotate the virtual camera as if
you are shaking your head”, for controlling the camera position, it
was “shift the camera position” and for controlling zooming, it
was “control the field of view of the virtual camera using zoom-in
or zoom-out”. Then, we explained the context of the target soccer
scene. Table 1 shows the detailed instructions the subjects were
given in each trial.

4.3.1 Tendency of the inputted multi-touch gestures
Table 4 summarizes the gestures inputted by the subjects. By
monitoring the evaluation scenes, we confirmed that all given
touch gestures were somehow meaningful for the virtual camera
control in each video. The results show a curious tendency in
almost subjects to choose stroke gestures using one or two fingers
to move the virtual camera body (e.g., rotating the orientation and
shifting the position), and to choose pinch-in/out gestures to
control the zoom parameter.

4.3.2 Gestures for zoom-in/out
In both the field view videos and the bird’s-eye view videos, 8090% of the subjects input the pinch-in/ out gesture to control the
zoom parameter (video 5, 6, 11, and 12). In some ordinary multitouch-based applications such as photo albums, photographs are
enlarged with the pitch-out gesture and the size is reduced with
the pinch-in gesture. Thus it is reasonable to choose the pitchin/out gestures to change the viewing size of the displayed videos.
For the other gestures, the subject must draw a circle. To zoom in,
he or she draws a clockwise circle; to zoom out, the subject draws
a counterclockwise circle. Schmalstieg et al. [15] found that the
gesture of drawing a circle is suitable to observe a displayed
object carefully; however, the gesture can be applied for a scene
that has single object because it is difficult to set the focusing
point of zoom-in/out. In our target scene, there were many objects
to keep in focus. Thus, we consider that the pinch-in and pinchout gestures are more suitable for controlling zoom-in and zoomout functions of the virtual camera for capturing free-viewpoint
videos.

4.2 Environment for Subjective Evaluations
We conducted the subjective evaluations described in the previous
section with 14 subjects (13 males and one female). They were
from 22 years to 28 years old. We sent out questionnaires about
their experience to observe 3D contents and to touch interfaces.
The result is shown in Table 2. The evaluations were conducted
with users who had various levels of the experience so that we
could define the multi-touch gestures preferred by general users.
The equipment used in the evaluation is shown in Figure 3. The
subjects sat down with a tablet PC. Although we did not tell the
subjects how to hold the tablet PC, the subjects held it
comfortably as they browsed free-viewpoint videos. In the
experiment, we used ICONIA Tab-W500 PCs produced by Acer.
The OS was Windows 7, 32bit version; the display size was 10.1
inches and the resolution was 1280 [pixels] x 800 [pixels]. The
tablets had 2GB memory, 32GB HDD, AMD Dual-Core processer
C-50 and AMD Radeon HD 6250 Graphic boards. The evaluated
videos were generated and displayed at 30 fps.

4.3.3 Direction of stroke gestures
Figure 4 shows frequency of each stroke gesture inputted in the
evaluation for 1-4 and 7-10, which we ask the subjects to move
the virtual camera body. In the evaluation, in which the subjects
were asked to input the direction of movement for rotating the
virtual camera upward or shifting the position forward/right, the
results were divided almost in half. One group moved their finger
in the same direction as the ordered virtual camera motion. The
other moved in the opposite direction (i.e., when the subjects
wanted to move the virtual camera to the right, they moved their
fingers from right to left on a tablet PC).
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Figure 8. Frequency of each way of switching
between the two types of camera control (rotating
the orientation and shifting the position)

Figure 7. Frequency of stroke gesture inputs in
evaluations for videos 1 - 4 and 7 - 10
We investigated the reason by sending out short questionnaires to
the subjects who chose the inverse direction stroke gesture. We
found that they thought the ordered appearance (view) change
could be realized by relatively moving the target space with fixing
the virtual camera. For example, the interface of Google maps is
designed such that when we want to see to the right of the map,
we need to move our finger to left. This interface gives us the
feeling given by daily activities such as flipping sheets of paper.
We consider such natural behavior is important to designing userfriendly multi-touch gestures. On the other hand, since the multitouch interface should be accepted by general users, it is difficult
to ignore that half of the subjects moved their finger in the same
direction as the camera motion. There was no correlation between
the direction of stroke gestures and the subjects’ experience with
using multi-touch interfaces. So, we think it is better to leave the
choice to the users in a practical system.

4.3.5 Field View Video and Bird’s-Eye View Video
In the evaluations, two types of videos (the field view videos and
the bird’s-eye view videos) were used. We investigated the
difference in the input gestures by observing the two types of
video sequences. Figure 10 shows the results of comparing the
field view videos (videos 1 - 7) with the bird’s-eye view videos
(videos 2 - 8). Since the subjects chose almost all the same
gestures, it seems that there was not a significant difference. In
more detail, we calculated the similarity among the users’
operations while using the two types of views. The similarity was
given using the ratio of cosine similarity, which is the method to
calculate the degree of similarity of the two vectors. The angle
between two vectors is calculated with their inner product and
magnitude. If the angle becomes small (i.e., the cosine value is
close to 1), the two vectors have similar data. We generated 15
dimensional vectors for the 12 free-viewpoint videos used in the
experiment, where the vector elements are the number of times
the gestures were input by the subjects. Table 2 shows the results
of the similarity between two free-viewpoint videos. We would
like to note that the similarity between videos 1 and 7; 2 and 8; 3
and 9; 4 and 10; 5 and 11; and 6 and 12 is almost 1. In all these
pairs, the subjects were asked to input multi-touch gestures for
realizing a same virtual camera control when watching the two
types of view (bird’s-eye or field view) video.

4.3.4 Switching controlled parameters
In this evaluation, we found that many subjects switched the two
types of camera control (i.e., rotating the camera to the right and
shifting the camera position to right) by changing the number of
the fingers they used to gesture. Almost all of them controlled the
orientation of the camera with one finger and the viewpoint with
two fingers. Since it is possible to more exactly point out the
touching position, the subjects considered that it was possible to
input precise gestures using one finger rather than two.
Controlling the orientation of the virtual camera requires more
precise operation than controlling the camera position. Even if we
shift the view position a little while observing an object in the
distance, the disparity is not so large. On the other hand, if we
rotate the gaze direction a little in the same situation, the disparity
becomes much larger. As a result, the subjects tended to be more
careful when controlling the camera orientation and used a onefinger gesture.
Another principal way of switching the two types of camera
control was changing the touching position without changing the
number of touching fingers. Some subjects input gestures for
controlling the camera orientation at the center of the tablet PC
display, and for the camera position at the edges of the display.
The reason for the difference is that they felt that controlling the
camera orientation was an objective motion and controlling the
camera position was a subjective one. Thus, they used input
gestures like scrolling in a Web browser, which is suitable for
changing the value, to control the camera position.
Figure 8 shows the frequency of each way of switching between
the two types of camera control. Since half of the subjects chose
the number of fingers as a switching method, it seems that
switching by changing the number of touching fingers is more
suitable for virtual camera control to capture the free-viewpoint
videos.

4.4 Suitable Multi-touch Gestures for
Capturing Free-viewpoint Video
To summarize our subjective evaluations, as illustrated in Figure
9, we proposed a multi-touch gesture suite for controlling a virtual
camera to capture free-viewpoint videos. First of all, we utilized
the extracted data indicating that users prefer to control the
camera using simple strokes with one or two fingers. Since
controlling the orientation of the camera requires more precise
operation, we applied one-finger stroke gestures to controlling the
orientation. Alternatively, a stroke gesture with two fingers was
applied to the positional control of the virtual camera. For zoomin or zoom-out control, we applied pinch-in/out gestures. The
moving direction of the fingers depends on the user’s preferences,
so we have left that setting to users.
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5. CONCLUSION
This paper introduced a user-friendly 3D free-viewpoint videobrowsing interface that applies multi-touch manipulation to virtual
camera control. We focused on the multi-touch interface installed
in tablet PCs as an input device. Subjective evaluations to define
suitable gestures for virtual camera control were conducted. The
results indicated the user's tendencies for virtual camera control
and an example of the multi-touch gesture suite for controlling a
virtual camera to capture free-viewpoint videos was proposed.
In future work, we will implement a few prototypes of the
interfaces based on the extracted tendencies, and conduct user
tests for evaluating the proposed multi-touch gestures.

Figure 9. Our proposed multi-touch gestures for
capturing free-viewpoint video

Figure 10. Results comparing the bird’s-eye view to the field view videos
Table 1. Displayed videos in our evaluations
up
Orientation
right
BirdʼsViewpoint
eye
view

The ball is moving forward. How do you control (shift) the virtual camera capturing
the ball with translation the camera position?
The ball is moving rightward. How do you control (shift) the virtual camera capturing

the ball with translation the camera position?
The ball is observed at the center. How do you control to control the field of view of

the virtual camera to zoom in the ball?
The ball is observed at the center. How do you control to control the field of view of

the virtual camera to zoom out the ball?

forward 
right
in

Zoom
out

The ball is moving to upward. How do you control (rotate) the virtual camera
capturing the ball as if you are shaking your head to change the orientation?
Orientation
The ball is moving to rightward. How do you control (rotate) the virtual camera
right

capturing the ball as if you are shaking your head to change the orientation?
The ball is moving forward. How do you control (shift) the virtual camera capturing
forward
the ball with translation the camera position?
Viewpoint
The ball is moving rightward. How do you control (shift) the virtual camera capturing
right
the ball with translation the camera position?
The ball is observed at the center. How do you control to control the field of view of
in
the virtual camera to zoom in the ball?
Zoom
The ball is observed at the center. How do you control to control the field of view of
out
the virtual camera to zoom out the ball?
up

Field
view

The ball is moving to upward. How do you control (rotate) the virtual camera
capturing the ball as if you are shaking your head to change the orientation?
The ball is moving to the right. How do you control (rotate) the virtual camera

capturing the ball as if you are shaking your head to change the orientation?
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Table 2 Results of similarity of cosine




 



 

 






































































 
















 

 





   
 






   



 


 
 

   

 
  







 





 













 



 


Table 3. Experience and knowledge of the subjects
Usually use a tablet PC

Yes

8

No

6







Familiar with for 3D contents

Well

8

Knowledge about
touch gestures
(without using
tablet)

Sometimes

4













Enough

0

A little

6

Nothing

A little

2

Not at all

0



0



Table 4. The input gestures in the subjective evaluations
1 finger
up

1 finger
down

1 finger
right

1 finger
left

2 fifingers
up

2 fifingers
down

2 fifingers
right

2 fifingers
circle(counter
i l (
t circle(clock 1 finger 2 fingers
pinch-in pinch-out
left
clockwise)
wise)
arc
arc

2tap



48%

33%

0%

0%

7%

0%

0%

0%

0%

0%

0%

0%

7%

5%

0%



0%

0%

43%

31%

0%

0%

7%

5%

0%

0%

0%

0%

7%

7%

0%



45%

12%

0%

0%

17%

14%

0%

0%

7%

2%

0%

2%

0%

0%

0%



0%

0%

43%

21%

0%

0%

14%

14%

0%

0%

0%

0%

0%

0%

7%



0%

0%

0%

0%

0%

0%

0%

0%

5%

88%

0%

7%

0%

0%

0%



0%

0%

0%

0%

0%

0%

0%

0%

81%

12%

7%

0%

0%

0%

0%



52%

36%

0%

0%

7%

0%

0%

0%

0%

0%

0%

0%

0%

5%

0%
0%



0%

0%

43%

29%

0%

0%

7%

7%

0%

0%

0%

0%

7%

7%

45%

12%

0%

0%

19%

7%

0%

0%

7%

0%

0%

2%

0%

0%

7%

0%

0%

43%

21%

0%

0%

14%

14%

0%

0%

0%

0%

0%

0%

7%

0%

0%

0%

0%

0%

0%

0%

0%

17%

76%

7%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

79%

14%

0%

7%

0%

0%

0%
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ABSTRACT
Posting comments on social networks using second screen
devices (e.g., tablets) while watching TV is becoming very
common. The simplicity of microblogs makes Twitter among
the preferred social services used by the TV audience to
share messages about TV shows and movies. Thus, users’
comments about TV shows are considered a valuable indicator of the TV audience preferences. However, eliciting
preferences from a tweet requires to understand if the tweet
refers to a speciﬁc TV program, a task particularly challenging due to the nature of tweets - e.g., the limited length and
the massive use of slangs and abbreviations.
In this paper, we present a solution to identify whether a
tweet posted by a user refers to one among a set of known
TV programs. In such process, referred to as item detection,
we assume the system is given a set of items (e.g., the TV
shows or movies) together with some features (e.g., the title of the TV show). We tested the solution on a dataset
composed by approximately 32000 tweets, where the optimal conﬁguration reached a precision of about 92% with a
recall equals to about 65%.

1.

INTRODUCTION
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Sharing TV viewing experience through a second screen is
getting very common [10, 16, 17]. An increasing number of
users watching television desire to be part of a more social
experience, either reading other viewers’ messages or sharing
their own opinions, e.g., commenting an episode of the TV
show currently on air. Simplicity makes microblogs among
the preferred social services to post short messages while
watching TV[8], so that Twitter1 - the most known and
used microblog - has been recently mentioned as a possible
measure of television audience [11, 19] and as a tool for
preference elicitation in recommender systems [9].
In order to elicit user preferences from a microblog comment, we need to recognize if the user is writing about speciﬁc TV shows or movies. However, automatically detecting
the subject of tweets - i.e. comments posted on Twitter - is
a challenging task. In fact, the 140-character limit of tweets
strongly aﬀects the way people write on Twitter. Minimal contextualization, use of slang, grammatical exceptions,
acronyms, abbreviations, and tiny URLs are characteristics
common in tweets, making them very noisy and diﬃcult to
be analyzed. As an example, the tweet
Anyone going to @cstn this year? @theperfectfoil
will be presenting BLJ in the Imaginarium tent
on Thurs evening, July 5th
refers to a talk that would be given by Steve Taylor (‘The
Perfect Foil’) about the movie Blue Like Jazz (‘BLJ’) during
the Cornerstone music festival in Illinois (‘cstn’) on Thursday (‘Thurs’).
In this work we propose a solution to analyze the content
of tweets and to identify whether they refer to one (or more)
known items - e.g., TV programs or movies. Given a set of
known items (e.g., a Video on Demand catalog) and the
tweet of a user, the proposed solution tries to identify if the
user is commenting about some of the items. In the following
we will refer to this process as item detection.
Item detection is a variant of topic detection, a text classiﬁcation task. Topic detection tries to assign a text to one
or more known categories; similarly, item detection tries to
assign a tweet to one or more known items. However, item
detection diﬀers from standard topic detection mainly because of:
(i) The number of classes. Classes correspond to categories - e.g., the genres of movies - in topic detection
and to items - e.g., the movies of a Video on Demand
provider - in item detection. Thus, while the number
1
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of categories in topic detection is small, the number
of items in typical TV applications can exceed some
thousands elements.

by means of statistical and mathematical models, assuming
that there is a strong correlation between the terms (and
their frequencies) used within the text and the arguments
under discussion.
Blei et al. [3] describe Latent Dirichlet Allocation (LDA),
an unsupervised approach based on hierarchical Bayesian
models and the Expectation Maximization algorithm (EM)
to classify text documents into predeﬁned topics. Following
this work, several other approaches based on LDA (e.g., [1,
2]) have been proposed. Makkonen et al. [18] describe Topic
Detection and Tracking (TDT), a technique that analyzes a
stream of news articles, taking into consideration its temporal nature, to extract topics or speciﬁc events. Griﬃths et
al. [13] use short-range syntactic correlations and long-range
semantic dependencies in a Monte Carlo Markov Chain Model
to classify documents into topics.
Support Vector Machines (SVM) have shown to yield good
generalization performance on several classiﬁcation problems, including text categorization [14, 15, 26, 27].
In the case of short texts, topic detection results more
complex. In a very short text like a microblog post, in which
the user message must be compacted within few sentences,
ﬁnding statistically-relevant correlations among words is uncommon. With reference to Twitter, a tweet typically contains retweets, mentions, and hashtags. Retweets - abbreviated as ‘RT’ - are used to cite a tweet of an other user;
mentions - deﬁned by the preﬁx ‘@’ - are used to address a
tweet to a speciﬁc Twitter account; hashtags are free labels
used to mark tweets.
Ramage et al. [22] try to identify the topics of a set of
tweets using Labeled-LDA, a supervised learning model which
extends LDA. Labeled-LDA has been applied to Twitter
comments, where hashtags, emoticons, and generic social
signals (e.g., the presence of questions or mentions) have
been used as labels. Cataldi et al. [4] detect the emerging
topics within a ﬂow of short messages posted by the community of users. They take into account not only the term
frequency but also the social network relationships (based
on the well-known Page Rank algorithm). Finally, they
generate a topic graph that connects emerging terms with
semantically-related words, in order to form sets of emerging
topics.
Part-of-speech (PoS) tagging [5] has been applied to microblogs by Gimpel et al. in [12], leading to an accuracy of
90% on about 1800 tweets manually annotated.
Wakamiya et al. [25] analyze Twitter messages to evaluate TV audience. Tweets are mapped onto TV shows assuming that each tweet can be at most mapped onto a
TV program - on the basis of the data available from the
EPG (Electronic Programming Guide). The matching criteria takes into consideration word-based similarity in the
Japanese language between tweet terms and the TV program title. Our work extends the work of Wakamiya et al.
in the following directions:

(ii) The variability of classes. In typical item detection
problems, items are constantly added to/removed from
the catalog. This prevents the use of traditional classiﬁers, used in topic detection tasks, that are designed to
work when the set of possible classes is deﬁned a priori
and static. In fact, such classiﬁcation algorithms must
be initially trained with a set of classiﬁed samples (e.g.,
tweets) representing all possible classes. Once trained,
the classiﬁers can be used to predict the classes of unclassiﬁed tweets. Unfortunately, traditional classiﬁers
require to be re-trained when some classes (i.e., items)
are added or removed, being not suitable for applications where classes frequently change.
In order to overcome these two problems we opted to use
a battery of one-class supervised classiﬁers [7]. A one-class
classiﬁer is a classiﬁcation algorithm that is trained using
only the objects of a given class c; once trained, it tries
to distinguish class-c objects from all other possible objects.
In our application domain, each one-class classiﬁer is trained
using only tweets referring to a single item. We implemented
a battery of classiﬁers composed by a one-class classiﬁer for
each item in the catalog. When a new item (i.e., class) is
added to the catalog, we simply need to train an additional
one-class classiﬁer, while no updates are required for the remaining one-class classiﬁers previously trained. Given the
tweet of a user, we detect the items it refers to by interrogating all the one-class classiﬁers forming the battery; hence,
the tweet is assigned to the items related to the classiﬁers
that positively classify the tweet.
We tested the classiﬁcation performance of our solution
on a dataset composed by approximately 32000 tweets on
40 movies, reaching a precision of 92% and a recall of 65%.
Finally, we implemented a set of additional experiments
in order to analyze the impact on the performance of (i) the
number of tweets per item, (ii) the number of items in the
dataset, and (iii) the presence of out-of-scope tweets, i.e.,
tweets not related to any item in the catalog or even not
related to movies at all. The results demonstrate a good
robustness of the item detection system with respect to all
the considered variables.
The rest of the paper is organized as follows. In Section
2 we discuss related and supporting works. In Section 3
we formalize the problem and design the architecture of the
item detection problem, together with a description of the
three stages of the developed system. Section 4 describes
methodology, metrics, and dataset used. In Section 5 we
discuss more in detail about the third stage of our system,
analyzing the main parameters that it requires. The main
ﬁndings of our research are discussed in Section 6, where
we also explore the hypothesis that a tweet refers to only
one item. Finally, Section 7 draws some conclusions and
presents some directions for future work.

2.

• language: our classiﬁer has been designed and tested
to work with English tweets
• scalability: the structure of the system described by
Wakamiya et al. does not allow to run the classiﬁer
in real-time applications; our classiﬁer is intrinsically
parallel and scales linearly with the number of available cores

RELATED WORKS

Item detection shares several characteristics with topic detection, a traditional classiﬁcation task that assigns a text
document to one or more topics on the basis of its content. The analysis of the topic of a text is usually performed

• multiple classes: our classiﬁer can detect if a tweet
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Figure 1: Item detection framework: learning and classiﬁcation phases
refers to more than one item

classiﬁer that is trained with samples (tweets) belonging to
a single class. The classiﬁer, once trained, will be able to
recognize whether an unknown tweet belongs or not to that
class. Thus, the output of a one-class classiﬁer can be either positive (the tweet is ‘classiﬁed’) or negative (the tweet
is ‘unclassiﬁed’). The choice of using a battery of one-class
classiﬁers oﬀers diﬀerent advantages over a single multi-class
classiﬁer [24], such as:

• our classiﬁer is able to directly classify tweets that do
not contain any word from item title or description

3.

ITEM DETECTION

We deﬁne the item detection problem as a classiﬁcation
problem whose purpose is to detect whether a tweet refers
to one of the items of a given catalog.
Classiﬁcation systems are machine learning algorithms capable of assigning an item to a class. In our settings, the
classes are the items in catalog, i.e. movies or TV shows.
Typically, the classiﬁcation task can be decomposed into two
parts: learning and prediction. During the learning phase,
as detailed on the left-hand side of Figure 1, the classiﬁer
takes a set of classiﬁed samples (i.e., tweets whose class is
known) as input and computes a classiﬁcation model - e.g., a
set of parameters - optimized to accurately classify the input
samples. Learning is usually performed oﬀ-line by a batch
process. Once the classiﬁcation model has been computed,
the classiﬁer can predict the class of any unclassiﬁed tweet,
as shown on the right-hand side of Figure 1. Prediction can
be usually performed on-line by a real-time process.
Detecting the item discussed in a tweet can be diﬃcult,
even for human. As an example, we reported in Table 1
three diﬀerent tweets. Tweet 1 is very easy to classify and
it clearly refers to the movie ‘Harry Potter’. However, there
can be ambiguous tweets, as tweet 2. In this case the tweet
is comparing two movies: a correct classiﬁer should assign
it to two diﬀerent classes. Some tweets, as tweet 3, require
additional knowledge, not included in the message. Tweet 3
refers to the movie ‘Blue Like Jazz’ being Steve Taylor the
movie’s director.
We can note from the previous examples that a tweet can
refer to one or more known items and can express either a
positive, negative, or neutral opinion (the polarity). In this
work we will neglect the tweet polarity and we will focus on
the item detection task.
We designed the item detection system as a battery of
one-class classiﬁers. A one-class classiﬁer is a particular

1. Scalability. This solution easily scales with the number of items (i.e., TV programs or movies). In fact,
since each classiﬁer is independent from the others, the
system can be straightforwardly parallelized in separated processes running on multiple cores.
2. Incremental training. When new items are added
to the catalog, we simply need to train a new one-class
classiﬁer, with no impact on the rest of the system.
Similarly, the removal of an item simply implies excluding the associated classiﬁer.
3. Multiple item classiﬁcation. Each classiﬁer returns
its own decision value, allowing a tweet to be assigned
to multiple classes. For example, tweet 2 (Table 1)
should be classiﬁed by two one-class classiﬁers, associated to the movies ‘Twilight Breaking Dawn’ and ‘The
Amazing Spiderman’.
Let I be the set of items available in the catalog and
|I| its cardinality. Given a tweet t, the one-class classiﬁer
associated to item i ∈ I estimates the score ci ∈ R, which
represents the degree of membership of such tweet to item
i (i.e., how much the tweet refers to the item). The whole
system is composed by a battery of |I| one-class classiﬁers.
Its classiﬁcation function c(t) can be written as:
c(t) : t → R × |I|

(1)

Given the classiﬁcation function (1), we can detect which
items are commented in a certain tweet t.
We have decided to implement each one-class classiﬁer as
a pipeline composed by three stages, as detailed in Figure 2.
An unknown tweet is initially processed by stage 1, that can

40

ID
1
2

Tweet content
I must be the one to kill #HarryPotter.
#BreakingDawn Part 2 trailer ahead of The Amazing
Spiderman! cheering: from the (female) crowd!
Special Q&A with Director Steve Taylor tomorrow night
following the 7:40 show at Regal Cinema 8!

3

Item
Harry Potter
Twilight: Breaking Dawn
The Amazing Spiderman
Blue Like Jazz

Note
trivial
ambiguous
diﬃcult

Table 1: Sample tweets.

Tweet

Stage 1

NO

Stage 2

NO

Stage 3

YES

YES

YES

classified

classified

classified

NO

is matched by stage 2 because it contains the mention ‘@abduction’, but not by stage 1. Moreover stage 2 is able to
detect some cases of misspelling, as in the tweet

unclassified

@OnlyHumour Sara had a life in the city, loopers
are obviously not a secret in the club scene.
in which the movie title ‘Looper’ is found in the word ‘loopers’.
Stage 2 computes a matching score as the percentage of
words in the item title that have been found in the tweet.
The tweet is classiﬁed by stage 2 if the matching score is
above a ﬁxed threshold. With a low threshold (approaching
0%) we accept also tweets only partially matching with the
terms in the movie title; contrarily, with a high threshold
(approaching 100%) we accept only tweets strongly matching with the terms in movie titles.

Figure 2: Architecture of a one-class classiﬁer.

either assign the tweet to its associated class or it can discard
the tweet. Only tweets not classiﬁed at stage 1 are processed
by stage 2. Similarly, only tweets not classiﬁed by stage 2
are processed by the last stage. Tweets not even classiﬁed
by stage 3 remain not classiﬁed by this speciﬁc classiﬁer.
We used two keyword matching algorithms in stages 1 and
2: these algorithms are based on regular expressions. As for
stage 3, we implemented a more advanced approach based
on the SVM algorithm.
In the next sections we will describe the three stages in
detail. Without loss of generality, we will assume the catalog
of items is formed by movies, each one described by the
movie title.

3.1

3.3

Stage 1: Exact Match

This stage deploys a simple keyword matching on the basis
of the movie title, denoted as exact match. Given the item-i
classiﬁer, this algorithm classiﬁes the tweet as belonging to
class i if the text contains exactly the title of movie i.

3.2

Stage 3: SVM-based

Stage 1 and 2 search for the title of the related movie
within the tweet. Thus, tweets reaching stage 3 are those
not containing the title of the movie. For this reason, the
classiﬁcation task tackled by stage 3 is very diﬃcult and requires a classiﬁcation solution more advanced than the trivial keyword matching implemented in the previous stages.
We opted to implement in stage 3 a classiﬁcation algorithm based on SVMs. In particular, we used the one-class
SVMs derived by Cortes and Vapnik in [7]. In the following
we will refer to this approach simply as SVM.
Diﬀerently from the previous two stages, the SVM algorithm requires also a learning phase to tune its parameters
for a speciﬁc class. Learning is performed using a 5-fold
cross validation [7] on a set of classiﬁed tweets. The output
of the SVM algorithm is a real number, referred to as decision value. Only tweets with a decision value over a ﬁxed
threshold are classiﬁed. Training the SVM requires representing the tweet content: the following section describes
how to represent tweet content as vectors of features.

Stage 2: Free match

Stage 2 of the one-class classiﬁers is composed of a keyword matching algorithm, denoted as free match. Diﬀerently
from the keyword matching implemented in stage 1, stage 2
(i) searches for single words of the title within the tweet and
(ii) searches for words of the title contained in other words
in the tweet.
For instance, this stage is able to ﬁnd a matching between
the tweet

3.3.1

Feature Extraction

According to most text processing works [21], we represented tweets as vectors of features. In such feature vector
space, similar items - i.e., items that share common features
- are closer than dissimilar items.
Before proceeding with feature extraction some text preprocessing must be performed because tweets are free text
and, partially due to the 140-character limit, they often include slangs, abbreviations, and acronyms. Furthermore,
ﬂexed forms of verbs and conjugations of adjectives and
nouns should be normalized in order to be attributed to
the same feature.
We implemented common text processing tasks such as
tokenization, stop word removal, expansion of contracted
forms, punctuation cleaning, and term stemming [21]. To

the future is back to the present in the past
and the movie ‘Back to the Future’. Still, this approach
allows us to match the movie title also with hashtags and
mentions. For instance, the tweet
Happy Birthday Elizabeth Reaser! #BreakingDawn
is not recognized by stage 1, but it is associated by stage 2 to
the movie ‘Breaking Dawn’ because it contains the hashtag
‘#BreakingDawn’. Similarly, the tweet
@abduction Just got home and it was awesome!!!!
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Property
Items
Tweets
Avg tweets per item
Avg terms per tweet
Avg stop words per tweet
Tweets with URLs
Tweets with hashtags
Tweets with exactly 1 hashtag
Tweets with exactly 2 hashtags
Tweets with at least 3 hashtags

better understand the next sections, we detail here two of
the techniques we have implemented: tokenization and stop
word removal. Tokenization splits text into tokens, i.e., individual entities such as terms. In addition, each language has
words used much more than the others (e.g., articles). Such
words - denoted as stop words - should be removed since
they do not add any information useful to classify items,
but they rather add noise.
Once the text has been preprocessed we can build a vector
of features. Each possible value of a feature corresponds to
a dimension of the vector. Each dimension has a numeric
weight which is related to its importance in representing
the tweet content. We extracted the following four types of
features:

Value
40
31694
792.4
15.3
5.2
46.2%
40.4%
30.0%
7.6%
2.8%

Table 2: Dataset statistics
where |T | is the cardinality of the set of sample tweets and
the denominator is the number of documents in which feature w occurs. After having calculated this value, groups of
features of the same type (unigrams, bigrams, etc, ...) are
normalized by dividing for the maximum value of the group,
so that the value for each feature is in the range [0,1].
We excluded the features of type title from TF-IDF normalization.

Unigrams correspond to the single terms. Each distinct
unigram is represented by a dimension in the feature
space. Unigrams formed by stop words are discarded.
Bigrams are pairs of adjacent terms. Each unique bigram
corresponds to a dimension in the feature space. Note
that only bigrams formed by two stop words have been
discarded. For instance, this allows to extract bigrams
such as ‘The Matrix’ (‘the’ is a stop word) while discarding ‘I will’ (both ‘I’ and ‘will’ are stop words).

4.

EXPERIMENT SETTINGS

Hashtags represent the tags given by a user to a tweet.
However, due to the lack of constraints and common
criteria, users can freely use hashtags, either reusing
existing tags or deﬁning new ones. Any diﬀerent hashtag is represented with a dimension in the feature space.

In this section we describe the testing methodology and
the metrics used to tune and validate our solution, together
with the dataset of tweets collected from Twitter.

Title is not linked to speciﬁc terms, but it refers to the
degree of matching between the tweet content and the
item title. Each possible title - related to an item - is
represented by a dimension in the feature space.

For the purpose of automatically testing the performance
of our classiﬁer, tweets are required to be classiﬁed. However, recent Twitter policies have limited the availability of
public datasets of tweets. Thus, we collected a dataset of
classiﬁed tweets of movies2 . In order to automatically classify the tweets retrieved, we assumed that, given the oﬃcial
Twitter page of a movie3 (or a similar page, such as the
movie fan page), all tweets posted on such page refer to
that movie. On the basis of this assumption, conﬁrmed by
a manual analysis on some Twitter pages, we identiﬁed 40
Twitter pages concerning 40 recent movies. Hence, using
the Twitter RESTful Web Services we collected 800 tweets
for each item, among the most recent, for a total of 32000
tweets. The dataset has been collected in September 2012
and is composed by English tweets. Table 2 reports its main
statistical properties.

In our test dataset composed by 32000 tweets - described in
Section 4.1 - we have approximately 5400 unigrams, 14000
bigrams, 700 hashtags, and 40 titles for a total amount of
20000 features. Note that we discarded features occurring
just in a single tweet.

3.3.2

Feature Normalization

Features extracted from a tweet must be normalized [6]
in order to diﬀerentiate their importance in representing the
tweet content. This task can be achieved in diﬀerent ways.
We evaluated the use of (i) binary weighting and (ii) the
TF-IDF schema.
In the case of binary weighting, a feature can be either 1
(if present) or 0 (if absent), without diﬀerentiating among
terms with diﬀerent signiﬁcance.
Classic text processing [21] uses the TF-IDF weighting
schema to discriminate the diﬀerent features [23]. According
to this model, the TF (term frequency) component takes into
account the repetitions of a term inside a document, while
the IDF term (inverse document frequency) considers how
common a term is in the whole collection of documents.
In our normalization schema we ignored the TF term, assuming the absence of repeated terms because of the limited
length of tweets. Given a tweet t, the IDF term for its feature w is given by
idf (w, T ) = log

|T |
|{t ∈ T : w ∈ t}|

4.1

4.2

Dataset

Testing Methodology

The performance of the classiﬁcation system have been
measured using a standard hold-out dataset partitioning.
For each one-class classiﬁer, we randomly selected 200
tweets to form the test set. The class (i.e., the item) of
tweets in the test set is assumed to be unknown to the classiﬁer and is used to verify if the predicted class corresponds
to the actual class. Part of the remaining tweets has been
used to form the training set, used by stage 3 as sample
tweets for the learning phase.
2
The dataset is available for download at http://www.xyz.
xyz (temporarily anonymized for blind review).
3
E.g., the oﬃcial Twitter page of the movie Harry Potter is
related to the account ‘@HarryPotterFilm’ hosted at http:
//twitter.com/HarryPotterFilm

(2)

42

Feature
uni
bi
HT
title

Weight
idf
bin
idf
bin
idf
bin
%
bin

P
0.636
0.505
0.671
0.576
0.807
0.704
0.228
0.501

R
0.122
0.110
0.037
0.050
0.176
0.166
0.086
0.779

Feature
HT
HT+T
HT+T+Bi
HT+T+Bi+Uni

F0.5
0.452
0.595
0.607
0.490

bigrams (bi), and hashtags (HT).
As for the features of type ‘title’, we tested two weighting
schemas, percentage (%) and binary weighting (bin). Percentage weighting is the matching score computed by stage
2, while binary weighting assigns 1 if the matching score is
at least 75%, 0 otherwise. The choice of this threshold derives from the results of the experiments performed on stage
1 and 2. Table 3 reports the recall and precision values.
In these experiments we selected the conﬁgurations leading to the highest precision, regardless of the recall. Unigrams, bigrams, and hashtags have been proven to reach the
best performance using the TF-IDF schema, which outperforms the binary weighting - in terms of precision - of about
10-13%. As for the title, we selected the binary weighting, being the one with the best precision and recall. It is
worth noting that the precision obtained using only bigrams
is slightly higher than the one computed by using only unigrams, while the recall is lower; in fact, a bigram is more
signiﬁcant than an unigram, but much less frequent.
Finally, note that all recalls are very low. For instance,
the use of hashtags (with idf weighting schema) led to the
highest recall (as well as precision), which, however, is only
18%. For such reason, in these further experiments we took
into account also the other features, focusing on the combination leading to the highest F0.5 -measure, so to improve
recall while maintaining high values of precision.
Therefore, we considered pairs of features, by combining hashtags with either unigrams, bigrams, or title. The
combination hashtags+title provided the best F0.5 -measure,
with a precision equals to 80% and a recall equals to 60%.
Once established that the best two-feature combination is
given by hashtags and title, we explored the addition of
a third feature, either unigrams or bigrams. The experiments showed that the best three-feature combination is
hashtags+title+bigrams, with an F0.5 -measure equals to 0.607,
thanks to an increment of precision (88%) that compensates
a signiﬁcant decrease of recall (down to 12%).
We ﬁnally compared the best single feature, the best twofeature combination, and the best three-feature combination
with the use of all four kinds of features. The results are
reported in Table 4. The best combination of features - in
terms of F0.5 -measure - is given by hashtags+title+bigrams.
Therefore, in the following we will use this combination of
features for stage 3.

Taken a generic class-c classiﬁer, its performance has been
measured on the test set computing common classiﬁcation
accuracy metrics: recall, precision, and f-measure [21]. Recall is deﬁned as the percentage of class-c tweets that have
been classiﬁed as class c. Precision is deﬁned as the percentage of tweets classiﬁed as class c that are actually class-c
tweets. Finally, F-measure is deﬁned as the harmonic mean
between precision and recall. In our study, in order to give
more importance to precision with respect to recall, we have
used a special implementation of F-measure, referred to as
F0.5 -measure:


1 + 0.52 (P · R)
F0.5 =
(3)
0.52 · P + R
where precision (denoted by P ) weights twice as much as
recall (denoted by R).
The global performance of the battery of one-class classiﬁers has been computed as the macro-average of the single metrics, i.e., (arithmetically) averaging the performance
indicators of each single one-class classiﬁer. An ideal classiﬁer should have recall, precision, and f-measure equal to
1. We graphically represented the performance indicators
using precision versus recall plots.

STAGE 3: PARAMETER VALIDATION

In this section we focus on stage 3, the only component
which requires a learning phase. Furthermore, stage 3 operates on the non-trivial tweets that the ﬁrst two stages were
not able to classify.
Diﬀerent combinations of features can lead to diﬀerent
performance of the SVM classiﬁer; in Section 5.1 we experiment several variants of feature vectors in order to ﬁnd the
optimal settings. Finally, in Section 5.2 we will study the
impact of diﬀerent factors on the classiﬁcation performance.

5.1

R
0.169
0.300
0.403
0.628

Table 4: Comparison of the best feature combinations. Metrics are reported in correspondence of the
maximum precision point.

Table 3: Feature comparison. Metrics are reported
in correspondence of the maximum precision point.
The table reports the binary (bin) and the TDIDF normalization (idf ) for the features: ‘unigrams’
(uni), ‘bigrams’ (bi), and ‘hashtags’ (HT). As for the
feature ‘title’ the table reports the binary (bin) and
the percentage (%) weighting schema.

5.

P
0.777
0.789
0.695
0.464

Feature analysis

5.2

In this section we look for the optimal combination of
features used to classify tweets with the SVM algorithm.
Initially, we considered one type of features at a time.
Hence, we trained the SVM using such set of features and
compared the classiﬁcation performance both in the case
of binary and TF-IDF schema normalizations. The TDIDF normalization has been used only for unigrams (uni),

Sensitivity analysis

Several factors can impact the performance of the SVM
algorithm. In the next sections we answer to the following
three questions: (i) “how many tweets are required to obtain a good classiﬁcation quality?”, (ii) “does performance
degrade by adding more items?”, and (iii) “how are out-ofscope tweets classiﬁed?”.
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# tweets per item
100
200
400
600

P
0.730
0.741
0.695
0.690

R
0.216
0.314
0.403
0.475

However, if we take into consideration the tweets posted by a
typical Twitter user, only a small part of his/her comments
is likely to refer to one of the movies in the catalog.
Thus, in this section we verify how out-of-scope tweets
(i.e., tweets not referring to any known item) are classiﬁed.
We collected a set of further 8000 tweets retrieved from
10 diﬀerent general-purpose, popular Twitter pages (e.g.,
NHL, IBM, etc.). These tweets have been added to the test
set, which now contains 16000 tweets, 8000 regarding the 40
known items and 8000 regarding out-of-scope subjects.
Basically, the experiments showed that the presence of
out-of-scope tweets does not impact the performance of the
SVM algorithm, whose recall, precision, and fallout resulted
almost identical to the previous tests, as reported in Table 7.

Table 5: Sensitivity analysis of the SVM algorithm
(stage 3): impact of the number of tweets per item.
Metrics are reported in correspondence of the maximum precision point.
# items
5
10
20
40

P
0.956
0.769
0.733
0.695

R
0.541
0.488
0.432
0.403

6.

In this section we present and discuss the main results of
the proposed item detection system. For this set of experiments we trained stage 3 with a training set composed by
about 400 tweets per item using the three types of features
derived in Section 5.1: hashtags, title, and bigrams. Figure 3 reports the precision vs recall comparing the quality
of the stage, the quality of stage 1 and stage 2, with the
quality of the overall pipeline composed by the three stages.
Stage 1 (solid diamond) obtains a high precision (96%),
against a recall of only 11%. This result conﬁrms that tweets
containing the exact title of a movie eﬀectively refer to that
movie. On the other hand, the low recall suggests that only
a few tweets contain the exact movie title. In fact, the title might not have been used at all, or it might have been
contracted, misspelled, or mangled.
The dashed line shows the performance of stages 1+2. The
line has been obtained by varying the acceptance threshold
of stage 2. The optimal value (circle point) is in correspondence of a threshold equals to 75%: recall is 58% and precision 96%. Stage 2 allows to increase recall while maintaining
the same precision. The power of stage 2 is given by its capability of searching for the title also within other terms (e.g.,
hashtags, mentions, abbreviations)
The solid line in Figure 3 shows the performance of the
whole pipeline composed by the three stages. Stage 2 threshold has been set to 75%, while the threshold on the decision
value of stage 3 has been varied. We note that stage 3 does
not signiﬁcantly aﬀect precision, but it improves recall.

Table 6: Sensitivity analysis of the SVM algorithm
(stage 3): impact of the number of items. Metrics
are reported in correspondence of the maximum precision point.

Number of tweets per item.
In all previous experiments we used a ﬁxed training set.
However, the number of tweets per item can aﬀect the SVM
algorithm performance. Indeed, the larger the sample of
classiﬁed tweets, the higher the conﬁdence of the classiﬁer.
We ﬁxed the test set as composed by 200 tweets per item
and we used part of the remaining tweets to train stage 3.
We varied the number of training tweets per item in the
range [100, 600]. The results are reported in Table 5 and
show that performance increases with the number of tweets
up to 400. Increasing the number of tweets per item from
400 to 600 only slightly aﬀects the performance.

Number of items.
This set of experiments evaluates how the number of items
in the catalog can aﬀect the quality of stage 3.
In fact, the higher the number of items the harder the classiﬁcation task. We tested the SVM algorithm by varying the
catalog size in the range [5, 40]. Table 6 conﬁrms that the
performance decreases with the number of available items.
However, we can observe that the decrease between 20 and
40 items is minimal, proving a good robustness of the classiﬁer.

6.1

In the rest of the paper we have tested the classiﬁers in
an uncontaminated environment, where we predicted the
classes only of tweets associated to the items in the catalog.
P
0.695
0.674
0.652
0.638

Aggregation policies

The proposed item detection system allows to assign a
tweet to multiple items. This happens when multiple oneclass classiﬁers classify the tweet.
However, the dataset we have collected contains only tweets
related to one single item (see Section 4.1). In order to check
the correctness of the results obtained in the previous sections, we run a set of experiments where we forced the system to return one class at most. In the following, we verify
that the presented performance does not depend on the fact
that the item detection system allows a multiple-item assignment, while the tweets we classiﬁed referred to a single
item. We tested two possible aggregation strategies: (i) max
decision value and (ii) max precision policies.
Given a tweet and a subset of items it has been classiﬁed
into, the max decision value policy assigns the tweet to the
class with the highest decision value resulting from stage 3.
Alternatively, the max precision policy uses a subset of the

Out-of-scope tweets.

# out-of-scope tweets
0
2000
4000
8000

RESULTS

R
0.403
0.400
0.395
0.398

Table 7: Sensitivity analysis of the SVM algorithm
(stage 3): impact of out-of-scope tweets. Metrics are
reported in correspondence of the maximum precision point.
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1

0.8

Precision

Interesting for future work would be the inclusion of temporal information (e.g., matching the time message was posted with the TV program scheduling in Electronic Programming Guide) and the analysis of tweets as conversations
(e.g., a sequence of tweets with questions/answers). This
additional information could be used, for example, to disambiguate two movies with the same title but released in
two diﬀerent years. Furthermore, item detection associated
with opinion mining (e.g., [20]) will allow to infer the polarity (e.g., positive or negative) of user preferences.

Stage 1
Stage 1+2
Stage 1+2+3

0.6

0.4

0.2

0
0

8.
0.2

0.4

Recall

0.6

0.8

1

Figure 3: System performance of the battery of oneclass classiﬁer in term of precision vs recall
Aggregation policy
No aggregation
Max precision
Max decision value

P
0.950
0.922
0.917

R
0.595
0.598
0.654

F0.5
0.849
0.832
0.849

Table 8: Comparison between the two aggregation
policies, with respect to the baseline approach where
no aggregation is applied. Metrics are reported in
correspondence of the maximum precision point.
input sample tweets to estimate the precision of each single
one-class classiﬁer. Therefore, in the case of ambiguous assignment, it prefers the classiﬁer with the higher estimated
precision. Thus, for each one-class classiﬁer, we used the 400
tweets of the training set to train the SVM algorithm, and
an additional set of 200 tweets (whose class is known) - referred to as validation set - to optimize the SVM parameters.
Parameters are set so to maximize the precision computed
on the validation set. Afterwards, we classify the tweets in
the test set (composed, again, by 200 tweets whose class is
assumed to be unknown) using the parameters computed on
the validation set. In the case multiple classiﬁers classify a
tweet, the tweet is assigned to the class corresponding to the
classiﬁer with the highest precision on the validation set.
Table 8 reports the outcome of these experiments and conﬁrms that the performance reported in the previous tests
were not aﬀected by the multiple-assignment hypothesis.
In fact, neither maximum precision nor maximum decision
value policy bring a signiﬁcant change - in term of F0.5 measure - with respect to not applying any aggregation strategy: in particular, both aggregation strategies bring to a
decrease of precision, compensated by a slight increase of
recall.

7.

CONCLUSIONS

In this work we deﬁned and evaluated a three-stage item
detection system. The system is based on a battery of oneclass classiﬁers for the matching between tweets and TV
programs.
Empirical tests on 32000 tweets have proven the ability of
the system to accurately classify tweets. The scalability of
the system allows for an extensive usage in VoD and Linear
TV platforms, both as mechanism for preference elicitation
and recommendation and as audience meter.
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NEXT - Graphical Editor for Authoring NCL Documents
Supporting Composite Templates

ABSTRACT
Using the Ginga-NCL middleware, interactive multimedia
applications for the Brazilian digital TV system are written
in NCL (Nested Context Language). Although programming skills are not required when using a declarative authoring language, authors need to have at least a basic knowledge
of the language in order to develop an application. Aiming at facilitating and spreading the use of NCL, this paper
presents a graphical editor that allows the development of
NCL documents for authors with no knowledge of the language. The proposed editor is called NEXT (NCL Editor
Supporting XTemplate). To provide that facility, the editor uses hypermedia composite templates, which represent
generic structures for NCL programs. Those templates are
speciﬁed in the XTemplate 3.0 language. In addition, NEXT
oﬀers other functionalities, such as creation and editing NCL
documents in diﬀerent views, which facilitate the development of digital TV applications. Those functionalities are
provided as a set of plugins, which makes the tool extensible
and adaptable to diﬀerent author skills.

Categories and Subject Descriptors
H.5.2 [Information Interfaces and Presentation]: User
Interfaces—graphical user interfaces (GUI), interaction styles;
D.2.2 [Software Engineering]: Programming environments—
graphical environments, integrated environments

General Terms
Design, Languages

Keywords
NCL, Digital TV, authoring tool, plugins, XTemplate, graphical editor, NEXT, hypermedia composite templates

1.

INTRODUCTION

Digital TV applications can be represented as multimedia
documents containing diﬀerent media content types, such

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for proﬁt or commercial advantage and that copies
bear this notice and the full citation on the ﬁrst page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior speciﬁc
permission and/or a fee.
EuroITV ’13, June 24-26, 2013, Como, Lombardy, Italy
Copyright 2013 ACM X-XXXXX-XX-X/XX/XX ...$15.00.
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as text, image, audio and video. In addition, these applications allow interactivity, oﬀering a richer environment for
the viewer, once they provide diﬀerent kinds of content besides traditional audio and video in a television system.
Interactive multimedia applications can be developed using declarative or imperative languages. In the declarative
environment of the Brazilian digital television system [9] and
in the H.761 standard for IPTV services [11], applications
are written in NCL (Nested Context Language). This language is based on the NCM (Nested Context Model) [1] hypermedia conceptual model. It allows structuring hypermedia documents logically using compositions and specifying
spatio-temporal relationships as connectors and links using
the event-based paradigm. Although it is very expressive
for interactive multimedia document authoring, using connectors and links for expressing synchronization relations
requires good knowledge of NCM and NCL.
On the other hand, the current digital TV and IPTV
scenarios require simple and quick methodologies for creating interactive multimedia applications. Therefore, authors
with diﬀerent skills should contribute to their development,
including the ones that are not programmers.
In order to allow the development of NCL documents
for authors with no knowledge of the language, this paper proposes a graphical editor that provides the use of
generic structures named hypermedia composite templates
for authoring NCL documents. The proposed editor is called
NEXT (NCL Editor Supporting XTemplate). Those templates specify the document generic structure, in other words,
they deﬁne synchronization relationships among document
media objects. Hypermedia composite templates are speciﬁed in XTemplate 3.0 [2], an XML-based declarative language that can be used together with NCL.
When composite templates are used, NCL documents just
need to deﬁne speciﬁc media content, since all synchronization relationships can be deﬁned in the template. This way,
NCL authors do not have to deﬁne connectors and links
and document authoring becomes much simpler. NEXT
creates template graphical representation from XTemplate
XML speciﬁcations and allows using them for developing
NCL documents. It allows authors that do not have basic
knowledge of NCL to develop interactive applications for the
Brazilian Digital TV System and the ITU H.761 standard
using the declarative paradigm.
Moreover, the development of NCL documents is facilitated using other NEXT’s functionalities, such as creation
and edition of NCL documents in diﬀerent views. They are
provided as a set of plugins, which makes NEXT extensible

and adaptable to diﬀerent author skills. NEXT is the unique
graphical editor for creating NCL documents using an extensible template library. Any template written in XTemplate
3.0 can be used by NEXT. To facilitate the creation of templates, a graphical editor named EDITEC [3] is available
and will be discussed in the related work section.
The rest of the paper is structured as follows. Section 2
presents related work. In Section 3, template usage for multimedia document authoring and XTemplate are discussed.
Section 4 presents the NEXT editor. Section 5 presents
NEXT’s architecture and other functionalities. Conclusion
and future work are given in Section 6.

2.

RELATED WORK

EDITEC [3] is a graphical editor for creating multimedia
composite templates based on XTemplate 3.0. The tool offers structural, layout and textual views, allowing the user
to have better template understanding during the authoring
process. The structural view allows creating elements and
deﬁning relations that will be part of the template. The layout view presents screen regions in which media content can
be displayed. The text view is divided into two parts, one
to display the template XML code and another to display
region, descriptor and rule bases of the template. In addition, EDITEC provides iteration options for creating sets of
links relating generic document components. EDITEC allows creating composite templates but it does not provide
the creation of complete multimedia documents using composite templates.
Composer 3 [15] is intended to oﬀer a single authoring environment suitable for diﬀerent author proﬁles, from home
users to content producers. Its architectural pattern is based
on a micro-kernel, a core model and extensions. The microkernel groups minimum system functionality and coordinates how extensions should collaborate. Extensions are
made through plugins, which are programs that interact
with the micro-kernel and add new features/resources to the
tool. Although it facilitates multimedia document authoring, Composer 3 does not allow the use of templates for
document authoring. It neither performs document simulation, nor checks the consistency of document presentation
behavior. Such features could be added to the tool through
the development of new plugins.
In LAMP [13], the main goal is the automatic generation
of multimedia presentations modeling template schemes. The
idea is to oﬀer the user the possibility of deﬁning the presentation layout and behavior, characteristics and attributes of
its objects, without worrying about the instances that will
be used for fulﬁlling the template. That work focused on coordination and synchronization of continuous media objects.
The automatic generation of presentation is divided into two
parts: ﬁrst, the template is deﬁned and, second, data that
will be used in presentation is dragged from a data repository and inserted into the template. Then, the presentation
can be started. The tool consists of an editor, a document
presentation simulator and a generator that considers the
template and media nodes chosen by the author. It also
provides a formatter, which presents the ﬁnal document.
Although LAMP provides several features for multimedia
document authoring, it does not check the consistency of
document presentation behavior.
Mobile Multimedia Presentation Editor [16] enables the
creation of multimedia presentations with several types of
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media content on a mobile device. The user interface consists of diﬀerent views and menu options, which change according to the currently used view. It provides play (run),
edit, preview and temporal views. Created presentations
are represented using SMIL [10] and temporal relations are
based on a page sequence. The temporal view presents two
timelines that appear on the screen top. A set of predeﬁned
templates is oﬀered by the tool and the user may create a
presentation without using them. The tool fails to provide
all SMIL language functionalities and does not allow the use
of all media types such as video for document creation.
T-MAESTRO [17] is a system that aims at selecting personalized content, which relates entertainment with learning, to be displayed to the user of an interactive digital television system. Thus, it is necessary to provide interactive
contents to the system. In order to adapt SCORM [8] learning objects (created by the RELOAD editor) to the system,
the A-SCORM Course Creator Tool was developed. The
authoring tool allows creating adaptive courses with a minimal knowledge of the system architecture. A-SCORM enriches the functionality of RELOAD by adding new features
that allows specifying diﬀerent organizations for SCORM
courses. For doing so, two sub-modules were added: the
adaptation rules editor and SCO (Sharable Content Object)
repository. The ﬁrst one, SCO creator tool, allows authors
to specify characteristics such as content appearance and
conﬁguration, as well as adaptation of SCOs. Thus, authors
simply select a template, among those provided by the tool,
then specify the options that vary according to the rules
and ﬁnally create adaptation rules. The second sub-module
allows including SCOs, which were created by the ﬁrst submodule, in the course that is being developed.
Template-Based MHP Authoring Tool [14] aims at generating compatible codes with MHP (Multimedia Home Platform) [12], the European standard for interactive digital television middleware, where interactive applications are written in Java. The authoring tool was designed to allow adding
new features or new user interface components. It employs a
metaprogram generator, which is responsible for creating the
real program generator for each module that composes the
MHP application according to the XML-based template description of the module. A real program generator produces
the Java source code for a module according to its XML description. Thus, to add new functionalities to the tool, it
is only necessary to change the metaprogram generator and
the template description of the real program generator.

3.

DOCUMENT AUTHORING USING TEMPLATES

In order to minimize diﬃculties related to developing applications, multimedia authoring systems are oﬀered. They
are designed to facilitate authoring work providing a graphical environment for editing multimedia documents by authors with little knowledge about the authoring language
used. One way to facilitate further multimedia application
development is providing graphical editors that oﬀer templates.
A template is a document structure without speciﬁc content. It deﬁnes essential parts of a declarative multimedia
document, such as how media content should behave during
its execution. Thus, the authors task is to indicate which
media content should be used in order to complete the tem-

plate information and create a ﬁnal document. Figure 1
shows the concept of an editor that oﬀers templates for creating multimedia documents.

nodes (media, context and switch nodes) should declare an
xlabel attribute identifying the template component roles
those nodes will play.
When an NCL document uses templates, it must be processed in order to generate a ﬁnal complete standard NCL
document including the template information. Figure 2 shows
the processing of a document that uses a composite template. The processor uses as inputs the extended NCL document and the composite template, and outputs the ﬁnal
standard NCL document, ready to be deployed.

Figure 2:
templates

Figure 1: Editor for creating multimedia documents
using templates

Document processing using composite

The template processor analyzes the template head to get
additional documents to be used, generates a new document
including new anchors, nodes and links speciﬁed in the template and validates template constraints. The ﬁnal document can then be run on a standard GINGA-NCL middleware implementation.

As the template is responsible for specifying the multimedia document structure, or for deﬁning its nodes and links,
where nodes represent media content and links, relationships among them, it is interesting that the template reuses
predeﬁned structures, which deﬁne generic relations in the
document, making its authoring easier. A declarative language that allows hypermedia composite template deﬁnition
is XTemplate 3.0 [2].
XTemplate allows the deﬁnition of hypermedia composite templates using XML, where templates specify generic
components and their relationships, whose detailed speciﬁcation is responsibility of the document that will use the
template. XTemplate can be used together with NCL 3.0.
Moreover, composite templates can be created graphically
using EDITEC [3], which generates the XML template code.
In its third version, XTemplate deﬁnes a template through
four main parts: head, vocabulary, body and constraints.
The head is responsible for importing <descriptorBase>
and <connectorBase> elements from an NCL document,
which will be used for specifying presentation characteristics and spatio-temporal relations, respectively. The vocabulary speciﬁes template components, which may have interface points (ports) or nested components. It is also responsible for deﬁning connectors that will be used for creating
links. The body deﬁnes interface points (ports), vocabulary
component instances and relationships among those components. Constraints allow adding restrictions on vocabulary
elements. Each constraint has an expression in the XPath
language [6].
When a document uses a template, that document should
refer to the template being used. Therefore, in order to allow using templates in NCL documents, NCL was extended
including a few elements and attributes. In the NCL document head, a <templateBase> element is declared indicating the template bases used. Each NCL context (including
the NCL body) may declare a xtemplate attribute indicating the speciﬁc template to be used. Diﬀerent templates can
be used by diﬀerent context nodes in the same NCL document. When a context node uses a template, its component

4.

NEXT

In order to allow the graphical creation of NCL documents
using hypermedia composite templates, this paper proposes
NEXT. It is a graphical editor that is able to understand
a template speciﬁcation in XML and generate its graphical
representation, allowing the author to complete the document deﬁnition indicating media objects that will play template component roles.
When an NCL document uses templates, there is no need
for specifying the application presentation behavior with
connectors and links, as templates will already do that.
Therefore, NCL authoring becomes much simpler. NEXT
allows authors with no knowledge about NCL to build an
NCL multimedia document using templates.
Any hypermedia composite template created with the XTemplate 3.0 language can be used by NEXT. Besides allowing
its use by authors without NCL knowledge, NEXT also facilitates the creation of applications that require large amounts
of code, often repetitive in its speciﬁcation.
An example of how a template may help is the following.
Consider a video that has 100 subtitles. To synchronize
them with the video, it is necessary to deﬁne a video anchor
(video fragment) for each subtitle and synchronization links
relating them. Thus, typing this application code becomes
monotonous and error-prone. If a template to synchronize a
video with subtitles is available and the author uses NEXT,
he only has to deﬁne the video content, its anchors and
subtitle texts. All connectors and links for temporal synchronization will be automatically generated by the editor
considering the template speciﬁcation.
Another important issue is helping authors to understand
what the template speciﬁes, as the author will probably use a
library with several diﬀerent templates available. Each tem-
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plate speciﬁed using XTemplate has an RDF [7] ﬁle, which
explains its functionality.
In addition, NEXT creates a template graphical representation, which is based on a group of screens, showing how
ﬁnal media content will be displayed on the TV screen. The
screen abstraction is not part of a template speciﬁcation in
XTemplate. Diﬀerent screens are generated by NEXT as an
interpretation of a template components and links.
A template screen can be understood as a group of nodes
that will be presented at the same time and, possibly, in
diﬀerent positions on the screen. Every time a new media
node is presented or removed, according to the template
link speciﬁcation, a new screen for this template is created
by NEXT. Figure 3 illustrates the screen concept. Screens 1
and 2 are diﬀerent because the blue button is not displayed
on Screen 2.

Figure 4: Example of screen graphical representation in NEXT

In order to create the template graphical representation,
NEXT reads template XML ﬁles found in the template base
using an API called aXT, which is responsible for creating
a Java object that contains information about the template
components. A template may specify, in its head, an NCL
document containing layout speciﬁcation (region and the descriptor bases). The NCL layout document is read with an
API called aNaa [18], which creates another Java object, this
time to provide the necessary information about the layout
of each template component.
The next step is to consider the information in the template vocabulary. Using it, it is possible to know the template components and their interface points. For each component, a Java object is created, which stores information
about the component layout, size and position on the screen.
After knowing all template components, NEXT begins to
read the template body. Template links allow NEXT to
know the relationships among its components and to ﬁnd
out which elements may be selected using the remote control.
The template graphical representation may contain one
or more screens. This quantity will be deﬁned according to
the template links. To deﬁne the ﬁrst screen, it is necessary
to verify the template components that are referenced by
<port> elements. After that, to complete the ﬁrst screen,
it is necessary to check whether any link starts the presentation of any other template component when port element
components start. After determining the ﬁrst screen, NEXT
veriﬁes all links that were not checked to found out if new
screens are needed. For example, suppose a document that
starts with a video and, when the video stops, an image is
presented before the document ends. In that case, the ﬁrst
screen will present only the video node, and a second screen
will be needed to present the image node. NEXT is capable of determining the second screen as it scans all template
links and ﬁnds out that an image node will be presented
after the video. If new nodes are presented or ﬁnished according to template links, new screens will be created by
NEXT.
After creating the graphical representation for each template in the template base, those representations are displayed to the author so he can select a template to use.
Figure 5 shows the templates found in a template base example. On the left side, a screen list shows the ﬁrst screen
for each template. When one of those screens is selected by
the user, all diﬀerent screens that compose the selected template are displayed on the right side, as well as its explaining
text.

Figure 3: NEXT’s template screen example
NEXT uses visual symbols to present the template speciﬁcation graphically to users. The graphical symbols used by
NEXT are shown in Table 1.
Table 1: Symbols used for representing template
screens
Symbol
Meaning
A blue rectangle represents a node
whose content should be chosen by
the author.
A red rectangle indicates a speciﬁc
NCL node that is already deﬁned
in the template and cannot be
chosen by the author.
A shaded rectangle represents a set
of nodes, i.e., multiple nodes may
appear in the same screen region
at diﬀerent times. In this case, the
author can specify diﬀerent
content.
The ”i” icon on a component
indicates that it enables
interactivity, that is, the viewer
can use the remote control to
interact with the application.
A musical note represents an audio
component and analogous to
rectangles, the note color may be
blue, red or shadowed.
Figure 4 shows how NEXT would graphically represent
the template screens shown in Figure 3.
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work together.

Figure 5: NEXT window for choosing a template
When a template is selected, a new window allows the creation of an NCL document ﬁlling the template with speciﬁc
content. On the left side, each template screen in shown
and on the right side the user can complete the content for
a screen. If there are components representing sets of nodes
in the same screen, that screen can be duplicated by the author in order to deﬁne diﬀerent content nodes. In the ﬁrst
version of NEXT, template components were ﬁlled using a
table according to Figure 6. The graphical editor was tested
by ten computer science students, who did not have knowledge of NCL, and two students that had, in order to assess
its practical usability and functionality. All users were able
to create NCL documents using templates, even the ones
with no knowledge about NCL. After those tests, they gave
suggestions for improving the graphical editor. The main
suggestions that were given are: drag media directly from a
repository to a template screen, display the picture of the
media chosen instead of rectangles and improve indication
of when a media anchor can be created. These suggestions
were implemented and a second version is available. Therefore, that new version is discussed hereinafter.

Figure 7: Drag and drop
Instead of using red and blue rectangles as in the NEXT’s
ﬁrst version, components are visually changed according to
their type. Figure 8 shows how each visual component is
modiﬁed after being ﬁlled by the user. If it is an image
or a video, its content is displayed; if it is a text, its color
becomes green and its content is displayed; if it is an audio,
its color becomes green; and for other media types, a special
icon is displayed.

Figure 8: How template components change after
being ﬁlled
Figure 6: NEXT’s ﬁrst version user interface

When media anchors should be created, an anchor icon
is shown over the component in the corresponding template
screen. In order to create an anchor, the author must click
on the anchor icon and another window for anchor creation
will be shown, as illustrated in Figure 9. Continuous media
content (video or audio) is displayed using JMF (Java Media
Framewok). Begin and end time instants for each anchor
creation can be easily set by clicking on available buttons
and deﬁning new anchors.

Instead of using a table to ﬁll in template components, the
own template screen is now used. In other words, when the
author selects one of the template screens on the left side
of the editor window, the selected screen is displayed in a
bigger size on the right side to allow users to ﬁll in template
components using drag-and-drop from the media repository,
which is also provided by NEXT. In addition, the editor
shows the description of each template component when the
mouse is over it.
When the author wants to ﬁll in a template component,
he opens the media repository, selects a media ﬁle and drags
and drops it on the template component. Figure 7 shows
how the media repository and the new version of the editor

5.

IMPLEMENTATION

The proposed editor is based on a modular architecture
composed of a main core and a set of plugins, which allow
new features to be easily added to the tool.
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editing NCL documents and allows adding and removing
plugins. The common package allows the editor use in different languages (English and Portuguese) and implements
some auxiliary methods that are used by other tool packages. The plugin package has methods for exchanging information between the core and the plugins. Thus, it is possible
to collect information from the plugins, such as the list of
NCL elements of interest, as well as to keep them informed
about changes in the document. It is also responsible for
creating the editor XML conﬁguration ﬁle, which has information about the installed plugins that must be oﬀered to
the user, when the program starts. The repository package
implements the media repository.
NEXT plugins are responsible for making changes in the
NCL document being created or edited. To develop a plugin for NEXT, the programmer must create a program in
Java (with jar extension), which will be incorporated into
NEXT. As it is necessary to provide communication between
the plugin and the core, the jar ﬁle must necessarily have a
package called myPlugin, which must implement StartPlugin and PluginInfo classes.
The StartPlugin class is responsible for initiating the plugin and will be called by the NEXT core, when the author
wishes to use it. This class must also implement the getUpdateAtNCLDocument method to be notiﬁed about changes
in the document. Therefore, it is possible for the author
to use diﬀerent plugins at the same time. The PluginInfo
class is responsible for providing plugin information to the
core. It consists of getAlias and getNCLInterest methods.
The ﬁrst method reports the alias of the plugin, that is, the
menu name that will be displayed by the editor to represent
the plugin. The second method should return a list with the
NCL elements of interest for the plugin. Therefore, whenever one of the NCL elements of the list suﬀers changes that
have not been caused by the plugin, it will receive a notiﬁcation of adding, removing or editing the element.
To make changes in the NCL document, the plugin must
use the HandleNCLDocument object, passed as a parameter in the constructor of the StartPlugin class. By applying
the getNCLDocument method to the object, the program
receives an NCLDoc object, which represents the NCL document in accordance to aNaa. Owning this object, changes
must be applied using the aNaa API methods.

Figure 9: Window for anchor creation and edition
In order to maintain the editor features independently of
available plugins, a program core capable of dealing with
the NCL document and also of communicating with plugins
was developed. NEXT architecture can be seen in Figure
10. The editor was developed in Java to provide portability
and to allow the use of other tools already implemented in
Java, such as aNaa (API for NCL Authoring and Analysis)
[18]. NEXT core is composed by main, mainTree, common,
repository and plugin packages, and also by aNaa, which is
added to the library. As it can be seen in Figure 10, NEXT
is completely independent of its plugins. Notice that NEXT
graphical editing functionalities are developed as plugins,
including the creation of NCL documents using templates.

5.1

Figure 10: NEXT architecture

Other Functionalities

Aiming at adding other important functionalities to the
NEXT, some plugins were developed. Those plugins provide the creation and editing of NCL documents in diﬀerent
views. It allows NEXT to be used by diﬀerent author proﬁles, including those that already know NCL. For doing so,
there is a need for enabling the document creation with or
without the use of templates. Therefore, three plugins were
developed. The ﬁrst one provides a Connector Editor allowing the graphical creation of hypermedia connectors. The
second one oﬀers a Layout View for graphical creation of regions and descriptors. The third one provides a Structural
View for creation of context nodes and its internal elements.
NCL knowledge is required for using these three plugins.
Each plugin will be brieﬂy presented in the following paragraphs.
The Layout View allows the creation of NCL region bases,
regions and descriptors. Therefore, its list of interest includes only those three elements. It provides a simple inter-

The aNaa API creates Java objects for representing each
NCL document element. Using its parse method, it is possible to create a new NCL document and, using its load
method, it is possible to import an existent NCL document
into the editor. That API also oﬀers methods for creating
and editing NCL elements, which must be used by plugins in
order to perform modiﬁcations in the document. Moreover,
it is also responsible for the document structural and behavioral analysis. The created NCLDoc object is analyzed and,
if any error is found, the author is warned. aNaa is able
to ﬁnd syntax and reference errors and also spatio-temporal
undesired behaviors in the document deﬁnition [4].
With the NCLDoc object generated by aNaa, the mainTree package creates a tree representation of the NCL document, which facilitates element location and visualization
in the editor. The main package is responsible for the editor graphical view. It implements buttons for creating and
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face where spatial regions can be easily manipulated using
the mouse. For descriptor creation, it is necessary to have
a basic NCL knowledge, as the author must ﬁll in some
descriptor element attributes. It can also be used as a standalone application, where the author can create an NCL document that contains only region and descriptor bases. This
document may be used by other NCL documents, which can
import its bases. Figure 11 presents the Layout View plugin
interface.

document to contain just a connector base. Figure 13 shows
the Connector Editor plugin interface.
Since the Connector Editor plugin only handles hypermedia connectors, its list of interest comprises only the connector base and connectors.

Figure 13: Plugin for connector edition
Figure 11: Plugin for region and descriptor edition

NEXT allows showing the NCL document structure as
a tree, providing a neat document view. Document elements occupy diﬀerent branches in the tree according to
their types. NCL XML code visualization is also possible.
In addition, NEXT oﬀers two language options, English and
Portuguese. Figure 14 presents the graphical interface of
the NCL textual view. Notice that those functionalities are
implemented within NEXT core, they are not plugins.

The Structural View plugin allows graphical editing of
NCL context nodes. It provides authoring of the document
body or context node components, as well as its links. The
user interface is based on drag-and-drop in order to facilitate
authoring work. However, a basic NCL knowledge about the
document body and its components is required for using this
plugin, since some NCL elements such as anchors (media
fragment or property) and switches, may not be so intuitive
for a beginning author. Figure 12 shows its user interface.

Figure 14: Textual view
Besides allowing the creation of new NCL documents, it is
also possible to edit standard NCL documents. It is possible
to open and modify any NCL ﬁle, regardless of where it has
been created.
NEXT presents a list of already installed plugins, where
the user can choose to use any of them. The selected plugin
will be displayed on the central area, which in Figure 14 is
showing the NCL code. Besides, it is possible to add and
remove plugins dynamically.
NEXT allows authors with no NCL knowledge to create applications using any composite templates speciﬁed in
XTemplate. Generic templates are supported by other tools
discussed in the related work section. However, there is
no NCL authoring tool, which supports template usage to
create interactive multimedia applications. NEXT is extensible including new features through plugins, enabling its

Figure 12: Structural View Plugin
The Structural View plugin receives information of some
head elements, although it does not allow changes on them.
However, changes involving those head elements, in some
cases, may cause changes in body elements. In that case,
the necessary changes are made by the plugin in order to
maintain document consistency.
The Connector Editor provides the graphical authoring
of hypermedia connectors [5], which deﬁne spatio-temporal
relations for NCL documents. It oﬀers a drag and drop
user interface and displays messages to guide the author
during connector creation. As the Layout View, this plugin
can also be used as a standalone application, allowing the
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use by diﬀerent author proﬁles. Extensibility and adaptability are provided by some related works including Composer, which allows creating NCL documents. NEXT provides diﬀerent views of the multimedia application as other
discussed works, except A-SCORM. NEXT allows document
analysis, that is, it indicates to the author possible incorrect
deﬁnitions or inconsistent speciﬁcations, considering both
syntactic and semantic language rules. Multimedia spatiotemporal consistency should also be veriﬁed, notifying the
author about inconsistencies that can probably cause unexpected application presentation behavior. Although Composer is able to analyze applications, it does not analyze a
document spatio-temporal behavior.
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CONCLUSIONS

The main contribution of this paper was the proposal of a
graphical editor for creating NCL documents, called NEXT,
which supports the use of composite templates created with
the XTemplate 3.0 language. This work aimed at allowing
authors with no knowledge of NCL to develop applications
for digital television interactive services and facilitating and
accelerating the creation of NCL documents.
No other NCL graphical editor provides the possibility of
using a ﬂexible set of templates. NEXT provides the use of
any XTemplate 3.0 template to build NCL documents.
Initial usability tests showed that users with no knowledge
of NCL are able to create documents using templates with
NEXT.
The editor allows extending its functionalities through the
inclusion of plugins and is available in two languages. Besides graphical editing of NCL document using templates,
three other plugins have been developed allowing the use of
NEXT by authors with basic NCL knowledge.
As future work, new usability tests will be carried. Other
plugins will be developed to extend NEXT, oﬀering more facility for document creation. EDITEC, a template graphical
editor, will be adapted as a new plugin, integrating the facility of creating new templates in the graphical environment.
Moreover, a plugin that allows the document presentation
simulation is another important future work. A Temporal
View plugin will be very helpful for developing applications
by providing a better understanding about temporal events.
An editable Textual View will also be very useful for authors
who already know NCL.
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WeSlide: Gestural Text Entry for Elderly Users of
Interactive Television

selection of the buttons can be slow because the long distance
between them leads to many key presses per entered character.
The multi-tap keyboard reduces this problem (see Figure 1). In
multi-tap a button matches multiple characters. The number of
consecutive presses on the key determines the character to enter:
3-4 letters are shown on each key. Often, more characters are
accessible on each key depending on language setting. For
example in French the key “2abc”is used to access characters “a b
c 2 à â ç”. Users of mobile phones are familiar with this technique
and some of them even like it [10]. However, not all elderly users
are familiar with text messaging on mobile phones. Therefore, the
multi-tap means a learning process for them. Working memory
tends to decline with age and it can be difficult to remember the
set of characters linked to a key, the present state of the system,
and even the number of key presses already executed.

ABSTRACT
Interactive television provides useful services for older people.
These include social networking tools, video on demand, and
broadcast TV. Many of the Internet-mediated services require text
entry. It is difficult for older people: the usual multi-tap text entry
supplied with TV remote control is not suitable to them. In this
paper, we evaluate WeSlide, a gestural text entry technique that
uses the Wiimote as the input device. We conducted a study to
compare WeSlide with the multi-tap technique. WeSlide was
faster and less error prone and users strongly preferred it over
multi-tap.

Categories and Subject Descriptors
H.5.2 [Information interfaces and Presentation]: User
Interfaces – Graphical user interfaces, Input devices and
strategies and Interaction styles.

Marshall et al. [10] claimed that the best solution for iTV text
entry was a physical keyboard, but Lee et al. [9] argued that the
desktop metaphor must be avoided. In the iTV context the user
may be interacting with the device in different postures, a desktop
keyboard is difficult to handle in many postures. Consequently
small keyboards embedded in the TV remote control [1] have
been proposed. However, the user needs to look both at the device
and at the TV screen. This divided attention has an impact on the
quality of the interaction [6] and it is especially difficult for
elderly users with reduced cognitive capacity [14]. Moreover,
Epelde et al. showed that a TV remote control is unsuitable for
older users: buttons and the text on them are too small and there
are too many buttons [4].

General Terms
Design, Experimentation, Human Factors.

Keywords
Text entry. Gestural interaction. Interactive television. Wiimote.
Elderly users.

1. INTRODUCTION
Older people want to live at home as long as possible, but they
may need assistance to do so [8]. Interactive television (iTV) is a
way to supply them with many services: video on demand, voting,
social networking, bank services etc. Unfortunately, it is difficult
for older people to access these services [2]. Some of the
interaction techniques are not easy to use. Our research is focused
on text entry in this context. The usual text entry techniques with
iTV are virtual keyboards [18] and the multi-tap technique [3].
The TV remote control is used as the input device for both
techniques. Its directional buttons make it possible to highlight a
key on the virtual keyboard and another button is pressed to
activate it. This is a very simple way to enter text, but the

“B”
button

“A”
button

Figure 1. The TV Remote control (left) and the Wiimote (right).
Several researches have argued that older people can easily use
the Wiimote [8, 13]. They easily understand the pointing, but
some buttons have been found to be too small and the “B” button
behind the remote is sometimes activated involuntarily [13].
However, even if pointing is easy to understand, reduced physical
abilities may limit accuracy [2, 13].
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feedback to change the key layout would be less disturbing than
introducing new technique to select special characters on the
keyboard. The user can navigate through the carousel with a
virtual “scroll wheel” (see bottom of Figure 2). The wheel is used
by pointing it, pressing “A” on the Wiimote, and moving the
Wiimote to the left or to the right. WeSlide had five keyboards:
lower-case letters, upper-case letters, numbers, accented letters,
and punctuation symbols. All keyboards included the most
common punctuation symbols and the return characters. Each
keyboard was associated with a different background color to help
user in differentiating them.

2. WESLIDE
The design of the WeSlide technique has been described in a
demonstration abstract in a French [16]. For convenience we give
a brief description here in English.

2.1 The main interaction technique
We chose the Wiimote as the input device based on [8, 13]. By
reducing the use of buttons and requiring only approximate
pointing, we envisioned that the Wiimote might be a good device
for text entry in the iTV context for older people. It satisfies many
requirements of the iTV context: it is a small one-handed device
[6], usually used for fun, easy to use (not many buttons), usable in
many postures, reducing efforts of visual accommodation required
when switching between remote device and screen [14], and
convenient for use in a dark room.

Feedback for on the state of the system was implemented as
follows: when the user selected a key, the outline of the key was
highlighted in black. When the pointer left the key while pressing
the “A” button, the color of the character that would be selected
after releasing “A” button was shown in red (see Figure 2).

A main goal in the design was character selection without
accurate pointing because older user may have reduced physical
abilities [14]. Two existing text entry techniques MessagEase [12]
and Claviature [11] inspired us. They utilized an interaction
technique consisting of pointing and sliding to select a character.
They associate several characters with each key. The user first
selects a key by landing the finger/stylus on the key that contains
the desired character. Then, to select the character among those on
the key the finger/stylus is dragged to a direction indicated by the
position of the characters on the key before lifting it.

3. METHOD
We conducted a study to: (1) gather subjective feedback of the
WeSlide keyboard versus the standard multi-tap text entry of the
TV remote control (see Figure 1) and (2) to assess the
performance of the WeSlide technique.
We use multi-tap as a baseline because it is often mentioned in
iTV text entry literature. The experiment of Iatrino and Modeo [5]
compared multi-tap, multi-tap with visual feedback and a virtual
keyboard controlled by the arrows keys of an interactive keypad.
Thirty-six subjects participated: eighteen were inexperienced in
text entry with multi tap and aged 43-80 and eighteen had
experience in text messaging (aged 18-50). In this study, the best
interface was the multi-tap with non visual feedback. Moreover,
we did not compare our method to a remote control with miniqwerty keyboard because the user needs to divide visual attention
between the remote and the TV screen more than with multi-tap
and small buttons are unsuitable for older users [4]. Finally, we
did not compare to a static alphabet matrix pointed to with the
Wiimote because in our pilot testing comparing this keyboard
(with young users) WeSlide was better. Moreover, direct pointing
to an ordered matrix requires quite high accuracy. Older user
could have had difficulties in this pointing task.

MessagEase and Claviature were designed for pen-based
computers and touch-screens. For Wiimote use the interaction
needed to be adapted. As the hand of an older user may be shaky,
the eight directions used in MessagEase may demand too much
precision. The final selection is done by crossing one of the sides
of the key. We call this design the WeSlide to highlight sliding,
the main action to select a character (it is also a translation of
WeGliss, the name used in the earlier abstract [16]).

2.2 The keyboard
The keyboard used in our experiment is shown in Figure 2. Each
key had four characters. To select a character, for example ‘G’ in
Figure 2, the user pointed at the key containing the character and
pressed “A” button on the Wiimote. Then moved the pointer
crossing the side closest to ‘G’, and finally released the button to
enter the character.

3.1 Participants

Carousel’s 5
keyboards

Six participants, 4 females and 2 males, took part in the user
study. Their ages ranged from 63 to 83 with a mean of 71 years.
All the participants were right-handed. One participant suffered
from a chronic wrist pain and another from numbness in fingers in
intensive tasks. None of the participants had prior experience with
virtual keyboards or the Wiimote. They were all television users
and used its remote control unit, but they did not use it to enter
text.

“A” button
ppressed

Navigation wheel

3.2 Procedure

Figure 2. WeSlide : selection of ‘G’

The experiment was divided in 10 sessions with a break of about
one day between the sessions. Before the first session, participants
had a practice trial to get used to the WeSlide keyboard. They
were instructed on how to point a key, how to select a letter by
sliding the pointer, and on how to use the navigation wheel to
change keyboard. For the multi-tap text entry method they were
instructed on how to find and select a character on the TV remote
control. Each participant was given 10 minutes for initial practice
but none of them spent all this time.

Instead of the QWERTY layout an alphabetic layout was chosen
for WeSlide. This is against the recommendation of Norman et al.
[15], but it is due to the design : there are positions for 4 letters on
the first line, 8 on the second, 4 on the third, etc. This does not
match the QWERTY layout.. In addition to the alphabet, many
more characters are needed for a fully functional text entry
method. We designed alternative character sets in different
keyboards arranged in a “carousel” system as shown in Figure 2.
We believed that introducing explicit interaction with visual
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session was also statistically significant (F9,45 = 24,7, p < 0.0001)
as was the interaction of these factors (F9,45 = 4.1, p = 0.001).
Based on Figure 3 we can interpret the interaction as an
increasing difference between the methods towards the end of the
experiment. During the experiment we observed two issues that
slowed down the participants initially with WeSlide. The first
issue was the tendency to point at the character instead of the key
containing it. The pointing was slow because it required more
accuracy than necessary. In addition, some participants were slow
to learn the carousel.

Each session lasted for 20 minutes: 10 minutes of text entry with
WeSlide and 10 minutes with multi-tap. The order of the text
entry method was inverted between sessions. The task was text
transcription. The phrases to enter were presented on screen and
the task was to enter the same phrase in a text box on screen. The
sentences were presented in random order and came from iTV
context (title or information of TV programs).
To complete a sentence the participant needed to enter the return
character. If the length of the entered phrase was the same as
length of the presented phrase (± one character), the task was reset
with a new presented phrase. Participants were instructed to enter
the phrases as quickly and as accurately as possible. Error
correction was available only by erasing the text back to the point
of error. For WeSlide, the cross button of the Wiimote was used
to delete the last character and for the multi-tap keyboard, it was
the “clear” button on the TV remote control (see Figure 1).

4.2 Error Rate
The Total Error Rate (TER) metric defined by Soukoreff et al.
[17] is shown in Figure 4. TER is the sum of the Corrected Error
Rate (CER) and the Uncorrected Error Rate (UER). The effect of
the text entry technique was statistically significant (F1,5 = 9.9, p =
0.026) as well as the effect of session (F 9,45 = 4.1, p = 0.001).
Based on Figure 4 we can interpret these as lower error rate for
WeSlide and an overall reduction of the error rate for both text
entry techniques. The interaction of the text entry technique and
session factors was not statistically significant.

After the last session, all participants answered a survey using a
Likert-type scale. The questions were about: (1) the device i.e. the
Wiimote or TV remote control (tiredness, ease of use); (2) the
design of WeSlide (colors, size and layout of characters,
carousel); (3) the selection of a character with WeSlide or multitap (feedback, ease of use) and (4) the comparison between the
two keyboards (feeling of speed, error rate, overall preference).

At the end of the 10 sessions, WeSlide averaged 52% faster with
mean text entry rate of 4.3 wpm. The text entry rate with the
multi-tap method in the 10th session was 2.8 wpm.

3.3 Apparatus
The participants were in a quiet room simulating the iTV context.
They were sitting down on a comfortable chair positioned 2.86
meters away from the display surface. The display was projected
by a video projector and adjusted to a size of 30 inches in
diagonal. The resolution of the image was 1280x720 pixels. The
bottom of the display showed the WeSlide Input area shown in
Figure 2. The top of the display showed the presented and
transcribed phrases.

4. RESULTS AND DISCUSSION

Figure 4: Total Error Rate of the keyboards per session

4.1 Text Entry Rate

Figure 5 shows the mean error rates recorded in the 10th session
for the two keyboards. The difference in UER is small (3.6% vs.
4.7%) but the difference in CER larger (5.6% vs. 9.2%). In other
words, the difference in TER is mainly because of CER.

We measured text entry rate in words per minute (WPM). The
results are shown in Figure 3. We measured approximately the
same entry rate for multi-tap that Iatrino and Modeo [5] reported
for their eighteen older novices (2 and 3 WPM).

Figure 5: Error rates for the two keyboards in session 10.
Overall, the interpretation of these results is in favor of WeSlide.
It was faster and less error prone. A striking observation is also
the low overall text entry rate in this experiment. A cross-study
comparison to James’ and Reischer’s study [7], we see that the
elderly participants in our experiment reached about one third of
the text entry rate of young adults. The young adults in the study
by James and Reischer used a mobile phone where the distance to
switch attention from the display to the keypad is shorter, but still
it is probably fair to say that our participants were very slow.

Figure 3. Speed (WPM) of the two keyboards per session
Our ANOVA results were evaluated under Greenhouse-Geisser
corrected degrees of freedom. For simplicity, however, we report
the results using conventional unadjusted degrees of freedom.
As Figure 3 suggests, the WeSlide technique was faster. An
repeated measures ANOVA shows a statistically significant effect
of the text entry method (F1,5 = 7.2, p = 0.04). The effect of the
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[5] Iatrino, A. and Modeo, S. Text Editing in Digital
Terrestrial Television: A Comparison of Three Interfaces.
In Interactive Digital Television: Technologies and
Applications, ed. George Lekakos, Konstantinos
Chorianopoulos and Georgios Doukidis, 224-241 (2007).

4.3 Survey results
4.3.1 WeSlide
None of the participants, including the two with physical
disabilities, found the use of the Wiimote tiring. The interaction
with it was rated as easy. Most participants were confused by the
use of the cross button to delete characters. A backspace button
on-screen would have been preferred. Only one participant
noticed that the character layout was alphabetical. Only a few
participants noticed the color coding and the carousel
arrangement. Thus, we cannot conclude on the usefulness of these
features. Most participants just rotated the carousel until the
desired keyboard appeared without understanding the order or
structure in it. All participants found the virtual wheel easy to use.

[6] Ingmarsson, M., Dinka, D., and Zhai, S. TNT: a numeric
keypad based text input method. In Proc. CHI 2004, ACM
Press (2004), 639-646. DOI =
http://doi.acm.org/10.1145/985692.985773
[7] James, C. L. and Reischel, K. M. Text input for mobile
devices: comparing model prediction to actual
performance. In Proc.CHI '01, ACM Press (2001), 365371. DOI = http://doi.acm.org/10.1145/365024.365300
[8] Lawrence, E., Sax, C., Navarro, K. F. and Qiao, M.
Interactive Games to Improve Quality of Life for the
Elderly: Towards Integration into a WSN Monitoring
System. In Proc. ETELEMED '10. IEEE Computer Society
(2010), 106-112. DOI =
http://dx.doi.org/10.1109/eTELEMED.2010.21

4.3.2 Multi-tap text entry
Only one participant reported that the characters were easy to
find. Four participants found it difficult to understand the multitap concept. Moreover all participants except one were confused
by the need to divide visual attention between the TV remote and
the display during text entry.

[9] Lee E. And Schmidt, M. Revolutionizing TV with UserCentered Design and Research. User Experience, 2(4)
(2005), 10-13.

4.3.3 WeSlide versus Multi-tap text entry
Five participants had a strong preference for WeSlide and one for
the multi-tap text entry (although he was faster with WeSlide).
This one participant used the multi-tap system on his mobile
phone. Four participants believed that they made fewer errors with
WeSlide. The others had no opinion.

[10] Marshall, D., Foster, J. C. And Jack M. A. User
performance and attitude towards schemes for
alphanumeric data entry using restricted input devices.
Behaviour & Information technology, vol.20, no.3 (2001),
167-188.

Our overall interpretation is that there was a preference for
WeSlide, but the implementation could have been better.

[11] Microth Claviature website.
http://www.microth.com/claviature/

5. CONCLUSION

[12] Nesbat, S. B. A system for fast, full-text entry for small
electronic devices. In Proc. ICMI '03. ACM press (2003),
4-11. DOI = http://doi.acm.org/10.1145/958432.958437

We have evaluated WeSlide, a virtual keyboard for text entry, in
the iTV context for older people. A preliminary study with 6 older
users showed that WeSlide had better performance than the multitap text entry that is often used on a TV remote control. The
majority of the participants preferred WeSlide over multi-tap.

[13] Neufeldt, C. Wii play with elderly people. International
reports on socio-informatics, Enhancing Interaction Spaces
by Social Media for the Elderly : a Workshop Report, 6(3)
(2009), 50-59.
[14] Nichols, T. A., Rogers, W. A., Fisk, A. D. Design for
Ageing. In: Salvendy, G. (Edt.). Handbook of human
factors and ergonomics. Hoboken, N.J: John Wiley (2006),
1418-1458
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ABSTRACT

1. INTRODUCTION

People on the Web talk about television. TV users’ social activities implicitly connect the concepts referred to by videos,
news, comments, and posts. The strength of such connections may change as the perception of users on the Web
changes over time. With the goal of leveraging users’ social
activities to better understand how TV programs are perceived by the TV public and how the users’ interests evolve
in time, we introduce a a knowledge graph to model the
integration of the heterogeneous and dynamic data coming
from diﬀerent information sources, including broadcasters’
archives, online newspapers, blogs, web encyclopedias, social media platforms, and social networks, which play a role
in what we call the ”extended life” of TV content. We show
how our graph model captures multiple aspects of the television domain, from the semantic characterization of the TV
content, to the temporal evolution of its social characterization and of its social perception. Through a real use-case
analysis, based on the instance of our knowledge graph extracted from (the analysis of) a set of episodes of an Italian
TV talk show, we discuss the involvement of the public of
the considered program.

In recent years the way users watch television is radically
changing. With the introduction of digital television and the
growing number of generic and thematic channels the ﬁnal
user tends to use new forms of navigation in the television
content space. To enable users’ navigation the broadcasters provide new enriched metadata services such as EPGs
(Electronic Program Guide) which describe the scheduled
programs. Also the home ambient environment in changing,
many smart users watch television while using a portable
PC or a tablet as secondary screen related or not to the
broadcasted programs [6, 4].
At the same time, social networks allow the ﬁnal user
to be immersed in a collaborative environment providing a
powerful reﬂection of the structure and dynamics of the society. User generated contents are revolutionizing all phases of
the value chain of contents: people can very easily produce
content, they can distribute their produced material, and
they can experience multiple forms of interactions, such as
leaving comments, sharing opinions, supporting other users’
contributions, or posting fragments extracted from already
online material. We observe in particular that a very large
number of user generated content which users share in their
social networks include signiﬁcant portions of content already broadcasted by the TV broadcaster.
In this direction a number of Social TV services are emerging, which provide the ﬁnal user with tools to support the
social interaction while watching the television, or some media content related to a particular TV program. If properly leveraged, these collaborative social environments can
be seen as information-rich data sources, indirectly returning
to the broadcasters and the content producers some form of
implicit feedback from the ﬁnal users. A number of services,
including user behavior proﬁling, brand reputation, and recommendation systems for contents and advertisements could
beneﬁt from the analysis of the social network data ﬂow. In
this paper we address the challenge of exploiting the information gathered from the users’ activity in their social
networks.

Categories and Subject Descriptors
H.3.3 [Information Storage and Retrieval]: Information Search and Retrieval—clustering, information ﬁltering;
H.3.4 [Information Storage and Retrieval]: Systems
and Software—information networks; H.5.1 [Information
Interfaces and Presentation]: Multimedia Information
Systems

Keywords
Interactive Television, Social Television, Social networks, Information Integration
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not made or distributed for proﬁt or commercial advantage and that copies
bear this notice and the full citation on the ﬁrst page. To copy otherwise, to
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1.1 The extended life of television content
Television content evolves in time: after a television content is produced and broadcasted, a copy of it, enriched with
its description (in natural language) together with a collec-
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phase. The model highlights the tight interactions between
the Web world and the TV world. A key characteristic of
our model is that it is designed to be generic, and it enables
a uniform treatment for the diﬀerent information sources.
More speciﬁcally, the integrated domain is modelled as a
knowledge graph (Section 3.2 ), in which nodes represent
the concepts, while edges capture the relationships existing
among them. The key idea that we convey in our model
is that the meaning of each entity and relationship within
the knowledge graph depends on the context in which they
are considered. Thus, persons might be considered as, for
instance, authors, reviewers, consumers and so on. Context dependent qualiﬁcation of entities is not limited to people. For example, a video concerning a piece of news may
be regarded in diﬀerent contexts as part of a news broadcast, a political comment, or a comic sketch (because of
some anchorman’s gaﬀe). Network actors and interactions
are gathered from existing information sources. Users interact with each other using common social network/media
platforms, more or less oriented to TV broadcasting (e.g.,
YouTube, Dailymotion, Facebook, Twitter, Google+). In
this paper, we are interested in extraction and analysis of
interactions that are related to TV contents, like videos,
TV shows produced by some commercial/public broadcaster
(such as RAI). Information from these sources is collected
using standard search API’s, web crawling techniques or,
when possible, by means of social applications. Our framework supports the extraction of both metadata associated to
the media contents and related information like user comments. Videos are posted by users by both uploading new
content on video-sharing websites, or sharing other people’s
video content. Usually the original source of these videos
are personal home recording. In this case, video content
recognition algorithms to map videos to the exact part of
TV shows they have been extracted from can be applied [3].
Moreover, our framework is able to support more reliable
sources of information produced by a dedicated web-tv platform (e.g., Rai.tv) which enables users to extract portions of
TV streams and post them on their preferred social/videosharing platform. Hence, the original source of posted videos
is certiﬁed and not subjected to errors. Moreover, citations,
posts and comments related to this videos may be directly
tracked by the TV service provider. Through a case study,
we show how our model captures multiple aspects of the
considered domain, from the semantic characterization of
the TV content, to the temporal dimension of the problem,
to the social characterization and the social perception of
a TV event. Last but not least, we provide a non trivial
cross-domain analysis scenario on real data gathered from
YouTube and Twitter, and related to an Italian TV talk
show on politics, broadcasted by RAI.
The paper is organized as follows: In Section 2 we brieﬂy
explore some related research work. In Section 3 we introduce the general structure of our integration framework
and present the social graph which models the social-driven
knowledge in the television context. In Section 4 we apply
the model to a real use-case on TV-Web integration. We
conclude the paper (Section 5) with a discussion highlighting the potential impact of the model, and showing how it
can be used in a number of innovative applications.

tion of related metadata is statically stored in the TV archive
to be reused if needed. The broadcaster ﬁlls the EPG with
the description. Big content producers also make their TV
contents available in their Internet site. After a TV product
is broadcasted, the content producers usually estimate the
associated users’ satisfaction by means of quantiﬁable data,
such as audience data (in the case of television) or impression/view count in the case of the internet site, thus ending
the ”broadcasting phase” of the content’s life.
Interestingly, for a signiﬁcant portion of television content
the life cycle spans much beyond that point. In fact, TV programs which better capture the users’ interest will probably
be published online, either entirely or, more often, in part.
During this new phase the television content potentially attracts new users in the network. It will be watched, tagged,
liked, commented about and shared again and again. The
TV content will act as a magnet attracting the users in the
network; it will become a ”Social Object”.
It is a fact that YouTube is (at least in Italy) the ﬁrst
place where people come to search for a television content
they recently missed, although this might violate some copyright requirements. Content producers can choose to contrast this form of piracy, or they can choose to exploit it
to their beneﬁt as well, being aware that those users who
upload TV content in YouTube are in fact conducting (for
free) eﬀective dissemination, description and publishing activities. The upload in Internet of a fragment of a television
content starts its ”extended life”. As an example, we observe that it is very easy to ﬁnd in YouTube segments of TV
programs that have been uploaded long time ago and are
now very often watched, commented and liked. This is the
case for a short video of Roberto Benigni acting the Dante’s
”Divina Commedia” published by an unknown YouTube user
about 5 years ago and still watched and commented very
frequently. This content would otherwise be just stored in
the archives of the broadcaster and it would be inaccessible to users. As time passes and the users’ social context
changes, the way any speciﬁc television content is perceived
also evolves. Capturing how can the TV content evolve and
detecting which phenomena can emerge from the contents’
evolution are among the objectives of our work. For example, a content can attract a new community of users interested in it, or it might change its own meaning because of a
new fact happened in the world. If timely discovered these
phenomena could be leveraged by the broadcaster: some of
the contents already available in the archives could be considered for postproduction.
Some programs also undergo a ”short term” evolution.
This is the case for news talk shows: some uploaded video
burst in number of views and comments. This gives to the
public the opportunity to express their opinions about the
program and the guests of the show. Analyzing the feedback provided by the public is potentially very beneﬁcial
for a number of stakeholders including broadcasters, content producers, ads and media companies.

1.2 Contribution
In this paper, we deﬁne a model for the integration of
the heterogeneous data coming from the knowledge sources
(broadcasters archives, EPGs, collected audience data, social networks, etc.) which play a role in the ”extended life”
of TV content, starting from its production phase, going
through the on-air phase, and continuing with the on-line

2. RELATED WORK
Nowadays we can ﬁnd an increasing number of emerging
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on the enrichment and the personalization of the TV content [22, 21]. From a more semantic point of view, but limited to scientiﬁc content and digital bibliographies, when we
speak about the discovering of related Web entity structures
and constructing a heterogeneous computer science information network, our reference is the WINACS [22] project
aiming the clustering of the network and supporting intelligent and analytical queries. From a more television oriented
point of view, in the context of TV and social Web integration and in particular in the social media analytics tools, the
recently instituted company Blueﬁn Labs7 released a suite
of tools to explore the social content related to Social TV
programs analyzing the data generated by this mapping between social media and TV media, that they call the TV
Genome. This software is based in large part on researches
on natural language processing, speech to- text and videoentity recognition carried out by the two co-founders [9, 5].
A preliminary version of this paper has been accepted for
publication as a short paper [1]. While [1] was mostly
focused on the presentation of the social and ontological
knowledge integration framework, in this paper we discuss
on the use of the integrated data source, through the detailed discussion of use cases.

services that aim to enhance the TV experience by oﬀering
both extra contents and social platforms on second-screen
devices like tablets, smartphones and PCs [6, 4]. Among
the most widely used we can mention diﬀerent enterpriselevel products:
• Rai.tv1 gives to registered (rai.tv, Facebook or twitter) users Social TV events linked to the broadcasted
television main stream in which the user can watch
the program also via IP streaming, comments the program, interacts with comments from other connected
users, expresses the feeling about the program, sees the
liking of the other users, knows argument in real time
using the associated tag cloud, watches extra contents
published by the editorial staﬀ during the social event
and answers to real time questions linked to the argument of the program. All these features are available
in the web site and also on the secondary screen using
the dedicated Apps;
• Tok.tv2 enables friends to interact with each other
within a virtual living room while watching American
football matches on TV;
• GetGlue3 lets users check-in to television shows;

3. A FRAMEWORK FOR SOCIAL MEDIA
DATA INTEGRATION AND ANALYSIS

4

• Miso enables the users to create side shows to support
user-generated content;

In this section we introduce the framework which enables
the integration of various social and non social sources of
information in a unique knowledge base. The knowledge
base, modelled as a knowledge graph integrating domain
and general purpose ontologies as well as social interactions
among users and social media, can be queried and analyzed
as a whole, enabling the discovery of new and interesting
cross-domain patterns.

• IntoNow5 serves contextual stories from the Web based
on real-time mentions;
• Zeebox6 provides an electronic program guide where
the media content is weighted based on social network
and also enables social engagement during the viewing
experience

3.1 The integration framework
This type of services opens a new kind of television usage
and creates a new channel of information from the ﬁnal user
back to broadcasters and content producers. In this case
the big challenge is: how can we use this new source of information? The trend of the exploitation of this new type
of user interaction has two main directions: the ﬁrst is the
exploitation of user activities to help the broadcaster and
the content provider for the acquisition of new audiences, to
help with the conservation of the audience and to help to
maximize the revenue produced by the audience. For these
reasons a number of analytics tools are emerging in order to
analyze the crowd buzz to try to extract information about
the user behavior [7]. The idea of building a framework,
based on a knowledge graph, able to capture and track the
evolution of television content in the network is our attempt
to give a novel approach to exploit in eﬃcient way the huge
ﬂow of information coming from the social media. Our work
is also inspired by number of projects such as the NoTube
project [19] which provided an integration framework between TV, Web, and Semantic Web to build services based

Figure 1 presents an overview of our integration framework. It consists of three main layers: a source processing layer, a knowledge graph layer and a knowledge query
and analysis layer. The source processing layer has the
role of collecting all the data which will be conveyed in the
model. It accesses number of predeﬁned web/social/media
sources (e.g., broadcasters oﬃcial web sites, social networks,
TV channels, etc) and processes them in order to extract
those information units which will be represented as nodes
in the knowledge graph, as well as those information that
support the existence of relationships (modelled as edges in
the graph) among them.
The knowledge graph layer manages the knowledge
graph, which is the core of our proposal. The graph contains
essentially three types of nodes: social objects, subjects and
concepts, and all social, representation and structural interactions among them.
The knowledge query and analysis layer consists in
a set of components for querying, browsing and analyzing
the knowledge graph. A query module extracts subgraphs
from the knowledge graph based on user’s requirements and
constraints. Each extracted subgraph can be seen as a “view”
over the complete knowledge graph, only containing nodes
and edges potentially relevant to the user query. An analysis
module, provides a set of analysis and data mining tool to

1

http://www.rai.tv/
http://www.tok.tv/
3
http://http://getglue.com/
4
http://http://gomiso.com//
5
http://www.intonow.com
6
http://http://zeebox.com/tv/home
2

7
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http://bluefinlabs.com/
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Figure 2: The system architecture.

 

public acts, and concepts, physical and ideal objects referred
to by subjects via their public actions. Any act (or set of
acts) that can be identiﬁed by its trace, and has a recognized social value, is a social object. However, we do not
represent single subjects’ actions but a unique social object
for each group of similar actions. A special subgraph is the
one consisting of all concepts, i.e., the forest of the ontology
of concepts, or the users’ shared conventional knowledge.
We introduce relationships between subjects and social
objects and between social objects and concepts as follows:
a group of subjects that recognize a social value of an act
supports the resulting social object (e.g. the contractors
support the contract); a social object represents a social instance of some concepts on a precise context (e.g. a video
may represent a volleyball match). Other relationships involve entities of the same type. We call these relationships
structural dependencies. A social object o1 is structural of
another object o2 if o1 is part of o2 (e.g. a comment is part
of a video). A subject is structural of a group of subjects
(e.g. a subscriber is part of playlist subscribers) that performed the same kind of actions on the same social object.
A concept may be structural of a more general concept (e.g.
hilarity is a specialization of joy).
Finally, social objects evolve in time. Hence, as a special
case of representation relationship, we consider the temporal
representation of a social object against a special type of
concept called time objects (e.g. a video has been posted in
a speciﬁc time instant, and has been viewed during a speciﬁc
time period).
The implementation of our knowledge graph is realized
and stored in Neo4j8 , the well known NoSQL graph database:
it oﬀers a comprehensive REST interface, an object-oriented
API, and it scales up to billions of nodes and relationships
with properties. To populate the knowledge graph, our
framework may interact with diﬀerent and heterogenous information sources. Each source is ﬁrst analyzed, then relevant items and relationships are extracted and added to
the graph. In the following, we explain how the sources of
interest are analyzed.


! 

Figure 1: The integration framework

obtain models and patterns from the knowledge graph. It
can act directly on the knowledge graph, or it can handle the
subgraphs extracted from the query module also in terms of
matrices or tensors.
The core of our framework is the knowledge network. In
particular, we are interested in capturing the dynamic evolution in time of the graph by using temporal nodes associated
to social objects and describing their lifecycle.
Notice that in our integration framework a fundamental
role is played by a semantic engine in two places. First,
it is adopted in the source processing layer to provide an
interpretation to web/social/media elements taken by the
heterogeneous sources. Within this layer, the semantic engine helps understand whether the considered entities should
be modelled as a node or an edge in the graph, and helps
provide a congruent set of features based on their characteristics. Second, it plays an important role in the graph query
and analysis layer, where it is employed to assign a semantic
role to each selected node/edge.
Figure 2 depicts the actual architecture implementing our
framework. In the following sections, we describe each layer
in details.

3.2 The knowledge graph
The core of our framework is the knowledge graph that
represents the result of public actions of users in social environments, combining diﬀerent theories from cognitive science [3, 14, 12, 11], language philosophy [18] and social
ontology [8, 17]. In this domain we recognize three entities (corresponding to three types of nodes in the knowledge
graph): subjects, users that act, social objects, the result of

8
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3.3 Updating the knowledge graph

tion provided by the context deﬁned by the TV program in
which the resolution process is involved, in order to establish
which entity is the best among the set of the candidate realworld entities. In details, the context of a TV program is
deﬁned by using the Wikipedia categories it belongs to and
the set of all entities contained in the knowledge graph previously associated with the program. In this manner, for each
detected entity, the NER module tries to establish an order
among all real-world candidates extracted from Wikipedia.
For example, if the text “Michael Jordan” is contained in a
tweet set related to a TV sports program, it is very likely
that the tweeter is referring to the famous basketball player
rather than the Berkeley’s professor, and this is computed by
a comparison between the Wikipedia categories of the candidates and the corresponding categories of the TV program.
Moreover, if, for example, Michael Jordan is present within
the knowledge graph as a real-world entity recognized and
associated with the considered TV program (i.e. because
he is the presenter or a frequent guest), the NER module
will choose it among all the possible real-world entity candidates. Finally, our module supports the integration of external knowledge generated by a supervised scenario and it
allows for user feedback, using an active learning process. In
our application, we ﬁlter out infrequent recognized entities
with the energy cutoﬀ method.

Our knowledge graph can be fed from any information
source. However we distinguish between two kinds of sources:
social sources and non social sources. The ﬁrst ones consist essentially in social networking platforms, social media
platforms and blogs. The second group of sources consists
in general purpose or domain ontologies, online newspapers,
news feeds, broadcasting websites that are needed to provide a human view on the results of social interactions. In
our framework external sources are analyzed in order to extract resources that can be added to the knowledge graph
following a set of speciﬁc rules.
For each source, we must set an extractor agent that
should map each resource into a valid set of social objects,
subjects, concepts and relationships among them. To identify correctly each entity, the extractor relies on a set of ontologies. To map each identiﬁed entity into a congruent set
of vertices and edges in the graph, the extractor leverages a
set of rules whose complexity depends on the speciﬁc source
to be analyzed. In particular, as we mentioned earlier, we
use two basic types of extractors: one for social sources, and
one for non social sources.

Source Extractors.
Each source (both social and non social) is associated to
an analyzer module (the boxes with solid line borders in
Figure 2), whose task is to collect the data from the sources
and extract concepts, subjects, social objects and their relations through the combined use of diﬀerent shared modules (the boxes with dotted line borders). The knowledge
base extracted from each analyzer will be used to properly
update the graph. More in detail, for each TV program
that a Schedule Analyzer inserted in the knowledge graph,
the Twitter module collects in real-time all related tweets,
grouping them into time dependent slices, called tweet sets,
where each slice contains the tweets published from time t
to t + Δ. Each tweet set is then processed in order to detect
the named entities (people, places and events) trough the
use of a NER (Name Entity Recognition) module, while a
Sentiment Analysis module allows to extract the opinions
contained in a tweet set. Similarly, at each time slice, the
YouTube analyzer looks for new videos or new user comments that belong to previously analyzed media and performs the same type of analysis described for Twitter.

Sentiment Analysis.
The Sentiment Analysis module is used to extract polarity
values and emotions from tweet sets. Concerning the former,
a ﬁrst phase of lemmatization is performed by the Freeling
POS tagger, while SentiwordNet [2] is used to extract the
polarity values: hence, an aggregation function allows us
to enrich each tweet set in the knowledge graph with a degree of positivity, negativity and neutrality. With the same
approach, WordNet-Aﬀect[20] is used to extract emotions.
Where necessary, MultiwordNet10 is used for cross-language
purposes.
Once the extractor agent has analyzed the source, it provides a set of concepts, subjects and social objects that
should now be translated into new or updated vertices and
edges in the graph. Thanks to this structure, it becomes
possible to extract new cross-domain patterns.

3.4 Knowledge Graph in TV domains
In real applications, the graph will not be instantiated
with all possible resources extracted from any social or non
social source. The reasons are essentially twofold: on the one
hand, the huge amount of information could be untractable
in practice; on the other hand, many social sources set a
limit to the number of resources that can be retrieved in a
time slice. For this reason, the way the knowledge graph is
populated is somehow constrained by the speciﬁc application. We come back now to our case study.
The instantiation of the framework to the TV domain involves a decision process in which we have to choose and
deﬁne the social and non-social sources, deﬁne the resource
prototypes and the policies for the source analyzers and decide the detail level of the representation. This last decision
depends on what we can extract from social sources, what
we want to know about the domain and what we can know
about the users’ actions. In the next section, we present

Name Entity Recognition.
Within the NER module, we can detect two diﬀerent phases:
entity detection and entity disambiguation [13]. Entity detection is performed by a combined use of the Freeling POS
Tagger [16] and Wikipedia articles9 as reference knowledge
base. In particular, through the use of the Wikipedia search
API, the NER module is able to detect the presence of
entities starting from hashtags: for example, the hashtag
#barackobama will be recognized by Wikipedia as the string
“Barack Obama”. Nevertheless, the most challenging task in
Named Entity Recognition is represented by the entity disambiguation (or resolution) [13]. Since our scenario is characterized by the presence of short and sparse texts (both for
Twitter and YouTube comments), many of the existing approaches based on the Bag of Words model will fail: for this
reason our NER module tries to leverage additional informa9

10

http://www.wikipedia.org
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our solution for the social TV domain. In our view, a user
can create and enrich new social uses of the TV media with
new metadata, comments, tags, sharing actions and rates.
The object that we will detect and capture are the new
correlations introduced between a canonical description of
a television event and other new, possibly surprising, concepts. In a nutshell, we want to audit the evolution of the
social perception of TV events. The choice of the non-social
sources is also critical for the domain deﬁnition because it
contributes to form the core of the monitored topics on the
social sources.
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A CASE STUDY ON ITALIAN POLITICS

 

In this section, we describe a real use-case of our framework on an Italian TV show (Ballarò) dealing with politics
and broadcasted by RAI. We focused our analysis on the
episodes scheduled from October 2, 2012 to November 27,
2012 (nine episodes). This period is interestingly full of political events for many reasons: the past or future elections in
many big Italian regions (Sicily, Lazio and Lombardy); the
upcoming Italian general elections; the recession; the rise of
the populist extra-parliamentarian group M5S (Movimento
5 Stelle) that many polling institutes consider as one of the
favorite parties for the next elections in Italy.
We considered two social sources: Twitter and YouTube.
For each episode, we collected all tweets containing #Ballarò
(the oﬃcial program hashtag) or @RaiBallaro (the oﬃcial
program username). YouTube videos were extracted at once
by including in the search ﬁelds the keyword related to the
TV program title (“Ballarò”) and the date each episode was
broadcasted (e.g., “2-10-2012” or “2 ottobre 2012”).











(a)




(b)
Figure 3: A portion of the knowledge graph (a) and
the resulting social network (b).

4.1 Social Centrality Study
a 10 minutes’ intervention during each episode of Ballarò
TV programs. As such, he usually performs imitations of
politicians (like Pierluigi Bersani and Matteo Renzi). Mario
Monti, the Italian Prime Minister when these episodes were
broadcasted, has been ranked second even if he never participated to the show during the observation period. Among
less known politicians, Crosetto (ranked twelfth), had a certain popularity during that period, since he was creating a
new political party, in disagreement with Silvio Berlusconi.
Among the other top-ranked people, Giovanni Floris is the
presenter of Ballarò, while Pier Luigi Bersani and Matteo
Renzi were the two main competitors for the leadership of
the center-left party, during the observation period.
The same analysis conducted on YouTube data, produced
the social network in Fig. 4(b). The betweenness centrality
computed for diﬀerent TV people belonging to this network
is reported in Table 4.1. Interestingly, this analysis shows
that the best ranked person is Beppe Grillo. This is probably due to the fact that Grillo’s supporters are particularly
active in this social media platform. Thus, in this social
network, the position of Grillo is more central than in the
previous one.
By combining the two information sources (see the social
network in Figure 4(c)), we may notice that all the relevant
information for both sources are preserved, as shown by the
ranked betweenness scores in Table 4.1. In particular, Grillo
and Crozza are equally central, Prime Minister Mario Monti
is still in a privileged position, while almost all the most
important Italian politics actors are in the ﬁrst positions of
the ranking.

The ﬁrst example we consider here concerns the study of
the importance (in terms of centrality) of persons (politicians, television people, presenters, hosts), during the observation period. To perform this analysis, we consider all
the persons referred by the tweets and videos associated to
the nine episodes of the TV show and build the underlying
social network. Figure 3 shows how we extracted the social network involving TV people. We add an edge between
two person nodes if there exists a path between these two
persons, traversing at most one People node or at most one
TV Event node. For instance, following our decision, in Figure 3(a), there is a path between P 4 and P 6, but no path
between P 1 and P 7 exists. Consequently, in Figure 3(b),
P 4 and P 6 are connected, while P 1 and P 7 are not. Notice
also that these paths may involve cross-source nodes, i.e.,
the analysis of an individual source, without our knowledge
integration framework, would have led to a diﬀerent, less
precise, social network. Since more than one tweet set and
YouTube video may exist during the week associated to each
episode, for each episode, all the tweet sets and YouTube
videos have been merged to obtain an aggregated episode
representation. Each of them is then associated to the set
of the most mentioned persons during the considered week.
On our Twitter data, the above described analysis produced the social network presented in Figure 4(a). By computing the betweenness centrality [10, 15] of each node (i.e.,
the number of shortest paths from all vertices to all others
that pass through that node), we obtain the results in Table 4.1. These results show that Maurizio Crozza is very
central for this TV program. He is a satirist that leads
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Figure 4: Ballarò social networks extracted from Twitter (a), Youtube (b) and both sources (c)

4.2 Popularity Study

nodes and Tweetset nodes associated to each episode. The
resulting weight for each person node i is then computed as
w(i)all = α · w(i)t + (1 − α) · w(i)y where w(i)t , w(i)y and
w(i)all are, respectively, the node weights of the edge connecting i to the Tweetset node, the node weights of the edge
connecting i to the YouTube video node, and the resulting
weight associated to the edge connecting i to the aggregated
social object node. In this experiment, we considered all
sources with the same weight, i.e., α = 0.5.
Figure 5 shows the results for the top-ranked personalities, as computed before. While most popularity values are
quite stable during the observation period, the popularity
of Matteo Renzi has two peaks, corresponding to the two
episodes in which he was hosted in the show. We may also
observe that Renzi is more popular on Twitter while Grillo
appears to be mentioned more often on YouTube. Berlusconi
is almost never mentioned: during the observation period,

The second experiment consists in computing the “episode
popularity” of each person. The popularity of a given node
is related to the percentage of citations of their names in
tweets and YouTube comments. Notice that this information is stored in the knowledge graph as the weight of the
edge connecting each person to the People node (see Figure 3(a)), by the resource extractors. Hence, to conduct
this analysis, we only need to aggregate the weights of the
out-edges of each person node. Within a single source the aggregation is performed by merging all social objects (tweet
set or YouTube video) related to a given episode. Then,
each edge weight is multiplied by the total number of occurrences of the concept node People. Finally, the cut-oﬀ
method based on energy is employed to ﬁlter out the less
important entries. To consider the popularity in both Twitter and YouTube as a whole, we merged the YouTube video
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Renzi was one of the most observed candidates because he is
young and dynamic, and he eﬀectively uses social media and
the Web. Bersani, another primary elections candidate, is
mentioned regularly but he does not warm the hearts of Web
users. The third important candidate is Vendola who seems
quite ignored by the Web audience. This may have two explanations: ﬁrst, his party does not attract many votes and,
most interestingly, he is mostly active on Facebook (which
we didn’t analyze in the discussed use case).

Table 1: Top betweenness centrality scores of nodes
from Twitter social network in Fig. 4(a)
Rank Person
Betweenness centrality
1 Maurizio Crozza
0.2410
2 Mario Monti
0.1783
3 Giovanni Floris
0.0901
4 Matteo Renzi
0.0597
5 Silvio Berlusconi
0.0235
6 Gianfranco Polillo
0.0207
7 Leoluca Orlando
0.0192
8 Bruno Tabacci
0.0172
9 Pier Luigi Bersani
0.0161
10 Luigi Angeletti
0.0135
11 Beppe Grillo
0.0104
12 Guido Crosetto
0.0102
13 Massimo Giannini
0.0051
14 Roberto Formigoni
0.0029
15 Concita De Gregorio
0.0016

5. DISCUSSION AND CONCLUSIONS
In this paper we have proposed a model for the integration of the heterogeneous data coming from many diﬀerent
knowledge sources, including broadcasters archives, EPGs,
ontologies, and social networks. The model highlights the
tight interactions between the Web world and the TV world.
We have also provided a concrete example of the potential
applications of our framework on real data.
We expect the model will have a signiﬁcant impact on the
television production environment. In particular, the ability
to track and monitor the second life of Television content will
be useful to a number of stakeholders.
Broadcaster The framework allows the broadcaster to
add new references to the static big legacy archive, thus enabling archivists to have a new vision of the evolution of contents that are now frozen inside a huge data base. This new
feature makes it easier the personalization of already broadcasted services in which content is customized, adapted to
preferences and characteristics of single users or groups of
users and provided again to them, exploiting at best the
“long tail” phenomena relevant to its own television content.
From this viewpoint the broadcaster has the opportunity to
reuse materials already exploited by services formerly provided to users, maximizing business logics for these contents
that otherwise would be exploitable just in the short term.
Furthermore the framework could be useful to provide an
alternative approach to the audience analysis of television
programs giving more punctual suggestions to optimize the
schedule of programs.
Service Provider A generic service provider, that only
rearranges contents owned by other subjects, will be able to
provide new pay services starting from already broadcasted
content enforced with a big variety of related content also
coming from other media.
Final User The ﬁnal user enjoys indirect beneﬁts coming
from the use of the model by the broadcaster or the service
provider. In fact, he/she is able to interact with multimedia
material of his own interest in a user suitable format and in
time-independent and context-aware modality.

Table 2: Top betweenness centrality scores of nodes
from YouTube social network in Fig. 4(b)
Rank Person
Betweenness centrality
1 Beppe Grillo
0.3413
2 Pier Luigi Bersani
0.1907
3 Matteo Renzi
0.1307
4 Giovanni Floris
0.1271
5 Mario Monti
0.1107
6 Gianfranco Fini
0.0512
7 Pier Ferdinando Casini
0.0484

Table 3: Top betweenness centrality scores of nodes
from the combined social network in Fig. 4(c)
Rank Person
Betweenness centrality
1 Maurizio Crozza
0.1710
2 Beppe Grillo
0.1710
3 Mario Monti
0.1305
4 Giovanni Floris
0.0954
5 Pier Luigi Bersani
0.0868
6 Matteo Renzi
0.0723
7 Gianfranco Polillo
0.0259
8 Silvio Berlusconi
0.0236
9 Bruno Tabacci
0.0234
10 Gianfranco Fini
0.0217
11 Luigi Angeletti
0.0213
12 Leoluca Orlando
0.0202
13 Pier Ferdinando Casini
0.0190
14 Guido Crosetto
0.0188
15 Roberto Formigoni
0.0176
16 Concita De Gregorio
0.0165
17 Massimo Giannini
0.0162
18 Rosario Crocetta
0.0162
19 Alessandro Sallusti
0.0162
20 Gianni Alemanno
0.0162
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objective is expressed in terms of conditions that have to be
satisfied by the reference domain. Pre- and post-conditions may
pertain to single objects or sets of objects or to the entire domain.
The task model is formalized using a task metamodel. The
example mentioned above, which is classifiable as task model, is
stated using the task metamodel “English language”.

1. INTRODUCTION
Adding interactivity to TV and video is often hindered by the
lack of appropriate metadata about the content. This metadata is
needed in order to provide appropriate links within the content
and to other items, or to enrich the audiovisual content. However,
producing such metadata comes at a high cost. It is an acquired
concept that media production processes can benefit from the use
of automatic information extraction tools, which analyze
multimedia content and provide information for content
description, indexing and search. This work is also motivated by
the EBU MIM/SCAIE1 working group, established 2007, which
aims at bringing automatic information extraction tools into media
production processes. However, these automatic tools do not
produce perfect results, and manual correction might be required
to achieve a certain target quality of the produced metadata. It is
difficult to assess the impact of a specific information extraction
tool (e.g., genre classification) on the overall process in terms of
quality improvements or cost savings w.r.t. manual processes. In
order to address this issue, we propose to look at assessment of
automatic information extraction methods from a novel
perspective. Rather than evaluating these tools in an isolated lab
setting, the tools are assessed in the context of a specific task of a
real media production workflow.

We have reviewed a number of candidate representations for task
metamodels, considering those that are adopted, provide a
machine readable definition, define a serialisation (preferably
XML) and for which there is also tool support. Metamodels that
are specific to UI design have been excluded. We have selected
ConcurTaskTrees (CTT) [3], which has been proposed as a
graphical model for tasks. The basic structure of the model is a
tree representing the breakdown of tasks into subtasks. On each
level, temporal dependencies between subtasks (e.g., serial or
parallel) can be modeled. The model has been extended over time
and is probably the most commonly used of all task metamodels.
We use an extension called collaborative CTT [4], which allows
modeling the cooperative execution of a task by multiple actors
(users and systems). A task model covering the role of each actor
is defined, and cross-links (e.g., information exchange,
interactions) between tasks from different roles are described.

3. BENCHMARKING CONTENT
ANALYSIS TOOLS IN TASK CONTEXT

In user interface (UI) design, it was proposed already more than
25 years ago in [1] to follow a task-based approach. Thus, a large
share of the literature on formal task models comes from the area
of model-based user interfaces (for a historical overview see [2]).
In this paper, we first discuss the notion of tasks, and the
formalization we apply in order to achieve a machine processable
representation. We then describe first results of the application of
the formal task models for assessing the total cost of performing a
task manually or with automatic tools with different performance
levels, and describe the simulation demonstrating the proposed
approach.

This section outlines how formal task models can be used to
benchmark algorithms for automatic information extraction in a
system context. The basic observation is that existing benchmarks
of individual components do not always reflect the applicability of
the methods for a certain task in a real process. For example, if we
take the benchmark data for a person identification software based
on recognition of the speaker voice, typically we get figures
related to reference data sets used by the research community to
compare results, and we do not have any indication on how errors
(e.g., false detections) impact in real usages of the technologies.
Here are two other examples, where there are mismatches
between the commonly used benchmarking approaches of
components and their contribution to solving an actual task.
Typically, precision and recall of shot boundaries w.r.t. a ground
truth is evaluated. However, missed shot boundaries coinciding
with scene boundaries will strongly impact the result, while
missed shot boundaries within scenes and several false positives
might be tolerable. For person identification, there might be cues
in multiple modalities (e.g. face, text insert, name mentioned) that
contribute to successful identification. Depending on the structure
of the data set the overall result varies with the performance of
components working on the different modalities. For example, if
persons are identified by text inserts, and video OCR performs
very well, this might mask missed detections of a face detector.

2. FORMAL TASK MODELS OF MEDIA
PRODUCTION PROCESSES
In this paper, the term task denotes a sequence of actions
performed by one or more users to achieve a defined goal in the
production process, usually using a set of tools. The task has a
defined set of input items and produces a set of output items. For
example, a “Content Search” task could be defined as “The action
performed by the employee of a broadcaster to find an audiovisual
content item (the output item) with a specified topic (the input
item)”. We denote the language to define and describe task
models as task metamodel. A task model is an abstract
representation of a task, i.e. an orchestrated set of actions
performed by actors in order to reach a specific objective. The
1
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4. ASSESSING COST-EFFECTIVENESS
4.1 Approach

€7.000,008
€6.000,008

Real media production processes are a complex combination of
human factors and system operations, and as such quite distant
from the aseptic laboratory settings in which automatic tools are
developed. Furthermore, workflows are the result of established
practices that involve not only practical technical constraints but
also personnel-related issues like shifts, contractual regulations
and professional roles. As a result, costs connected with
workflows cannot be estimated taking into account individual
operations, but considering the whole process. As a consequence,
expected workflow optimizations introduced by the introduction
of automated tools cannot easily be assessed.

€5.000,008
€4.000,008

€0,008

Figure 1. Simulation results.

5. DEMONSTRATION
The simulation described is based on an executable business
process model, and can be run with different parameterizations for
the automatic tools as well as manual steps included in the
process. The results are cost estimation for the different metadata
generation processes, which can be use for supporting the decision
whether specific metadata generation processes can be costeffectively automated. Although in this first version the numbers
used in the simulation so far were experts’ estimates rather than
measured data, the results already provided useful insights about
how to evaluate the tradeoff between performance and overall
costs in specific system contexts. By considering different types
of errors separately (e.g., because a false detection can be
efficiently deleted, but a missed detection is costly to correct) the
simulation can be further refined to a specific task context.
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6. CONCLUSION
Generating the metadata necessary for interactive TV services is
costly, and can potentially benefit from automation. We propose
the use of task models for the assessment of automatic
information extraction tools. This approach provides a novel
perspective on evaluation of automatic information extraction, and
is capable of providing information on practical applicability of
tools, beyond lab benchmarks. The approach has already been
used for running a cost simulation for comparing manual
annotation with automatic annotation at different performance.
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Developing Eq. 2 distinguishing systemic and personnel costs we
obtain:
3.

Tot8Systemic8Cost

€1.000,008

where N is the number of functions in the workflow in which
some automatic tool is introduced, ܥ is the cost connected with
the individual execution of the automatic tool implementing
function i, ܥ is the cost connected with the manual check of
the automatic tool’s results, and ܥெ is the cost connected with the
fully manual implementation of function i. Costs can have a
manifold nature and depend both on personnel costs and on
systemic costs, and these may vary from function to function in
the workflow. This means that analytical estimation of Eq. 1 in
real cases can be very complex and expensive. Thus, to practically
evaluate such trade-off condition we consider the whole workflow
as the function W to be evaluated and estimate total costs
connected with each of the two workflow versions (automatic +
check and fully manual):
2.

Tot8Labour8Cost

€2.000,008

The proposed approach is then to simulate the entire process
under consideration introducing two distinct modalities for the
specific function being optimized, fully manual operations and
computer-assisted operations, and then perform an analysis on the
minimum performance needed by the automatic tools to improve
the overall cost figures of the process. In general, the condition to
be met can be expressed as:
1.

Tot8Cost

€3.000,008
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where obviously we assume that ܥௐ
ൌ Ͳ, i.e. that costs of
personnel for the execution of the automatic tool are negligible.
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4.2 Simulation
We have selected a task model for “identification of persons in
news material” we have and performed a simulation analysis
under the following conditions. (1) We assume that the function
related to manual person identification could be substituted by a
combination of automatic analyses: identification by face, by
speaker’s voice, or by open caption/graphics. (2) We implement
the whole workflow in a simulation tool in the two versions
(manual and automatic + check). (3) We run the simulation of the
manual process. (4) We run a series of simulations of the
automatic process, under a range of values for the F-measure of
the automatic tools. (5) We compare results and find a tradeoff
condition. As shown in Figure 1, The proposed approach can be
used to relate the performance of an automatic content analysis
tools to the cost saving in a specific process. Based on measured
data from actual process, this methodology can help to assess
whether the performance of a specific automatic content analysis
tool is good enough for a specific practical application.
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A hybrid architecture for delivery of panoramic video

ABSTRACT

1. INTRODUCTION

The media industry is being pulled in the oftenopposing directions of increased realism (high
resolution,
stereoscopic,
large
screen)
and
personalisation (selection and control of content,
availability on many devices). Within an EU FP7
project, a capture, production and delivery system
capable of allowing end-users to interactively view and
navigate around an ultra-high resolution video
panorama showing a live event is being developed. In
this paper we report on the latest developments of the
project’s delivery network. We build upon an initial
version of this delivery network architecture and its
constituent functional components and propose a
hybrid element to combine the two underlying delivery
mechanisms that have previously been reported on.
This hybrid aspect enables the delivery network to
function in an end-to-end live delivery scenario.

New kinds of ultra-high resolution sensors and ultra large displays
are generally considered to be the logical next step in providing a
more immersive visual experience to end users. This notion of
immersive media with ultra-high definition TV (UHDTV) and
displays, highlighted by the NHK work on 8K Super Hi-Vision
video [1] and the Fraunhofer HHI 6K OMNICAM system [2]
seems contradictory with the explosive growth of device
diversity. That is, having the content available on an increasing
number of mobile devices, such as smartphones and tablets, each
with its own characteristics, facilitates the user in selecting and
controlling content. In contrast, UHDTV still assumes a more or
less passive behaviour on the end user’s side.
Within an EU FP7 project [3] a capture, production and delivery
system capable of supporting interaction, such as pan/tilt/zoom
(PTZ) navigation, with immersive media has been developed by a
consortium of 11 European partners from the broadcast, film,
telecoms and academic sectors. This system allows end-users to
interactively view and navigate around an ultra-high resolution
video panorama showing a live event, with the accompanying
audio automatically changing to match the selected view. The
output is adapted to the end-user device, ranging from a mobile
handset to an immersive panoramic display. At the production
side, an audio and video capture system is developed that delivers
a so-called Layered Scene Representation (LSR), i.e. a multiresolution, multi-source representation of the audiovisual
environment [4]. In addition, content analysis and scripting
systems are employed to control the shot framing options
presented to the viewer. Intelligent networks with processing
components are used to repurpose the content to suit different
device types and framing selections, and user terminals
supporting innovative gesture-based interaction methods allow
viewers to control and display content suited to their needs.

Categories and Subject Descriptors
H.5.1 [Information Interfaces And Presentation]: Multimedia
Information Systems – video, immersive media, interactive media

General Terms
Performance, Design, Experimentation, Standardization.

Keywords
Immersive media, ultra-high definition, panoramic video, media
aware networking, tiled streaming, MPEG-DASH.

The business rationale for such a system was previously pointed
out in [5]. A good overview of the entire proposed system and all
its subcomponents and achievements is given in [6]. In particular,
a more detailed look at the system’s delivery network and its
initial achievements is given in [7]. There, the initial reference
delivery network architecture is defined, as well as its functional
components. Also, an initial look at two novel delivery
mechanisms and their implementations is provided.
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not made or distributed for profit or commercial advantage and that
copies bear this notice and the full citation on the first page. To copy
otherwise, or republish, to post on servers or to redistribute to lists,
requires prior specific permission and/or a fee.
EuroITV Conference’13, June 24–26, 2013, Como, Italy.
Copyright 2013 ACM 1-58113-000-0/00/0010 …$15.00.

Now in its fourth and final year, the project aims to conclude its
developments with a demonstration where live capture of ultrahigh resolution panoramic video content is processed and
delivered in real-time to a variety of end-terminals. This paper
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reports on the latest developments of the delivery network, that
enable live delivery of panoramic video. In this paper we discuss
the final delivery network architecture, present a new hybrid
network component, which combines the two delivery
mechanisms described in [7].

power, supported resolution, network bandwidth, while
maintaining interactivity and PTZ-control and c) to have a
solution which is scalable, the delivery network contains three
functional components: the A/V Ingest, A/V Proxies and A/V
Relays. The A/V Ingest and A/V Proxy components have already
been described in [7], whilst the A/V Relay is a new component,
which will be discussed in more detail. For the sake of
completeness this section continues with a short summary of the
A/V Ingest and A/V Proxy and their roles.

The paper is organized as follows; section 2 reconsiders the
delivery network architecture and its functional components. In
section 3 we present latest developments for two delivery
mechanisms. In section 4 we address the rationale and
implementation of a hybrid distribution method. We conclude this
paper with section 5, which discusses our findings and outlook for
the future.

2.1.1 A/V Ingest
The A/V Ingest, as its name suggests, provides ingestion of A/V
data coming from the production domain at the left-hand-side of
the delivery network. A/V data in the production domain is
typically provided in uncompressed form and thus leads to high
data rates, which typically cannot be transported over most
delivery networks. This means that the data needs to be
preprocessed before delivery. Furthermore the data needs to be
inserted in the delivery network.

2. DELIVERY NETWORK
In order to deliver the LSR to end-devices, the delivery network
needs to ingest the whole set of audiovisual (A/V) data produced
to support immersive and personalized applications. This
typically translates into very demanding bandwidth requirements.
As an example, the live delivery of the immersive A/V material in
an LSR consisting of an OMNICAM and three HD image
sequences would require an uncompressed data rate of more than
16 Gbps. In situations where the full LSR is to be received by an
end-user terminal, say in the case of a theatre with large-scale
immersive rendering conditions, the delivery requires massive
end-to-end bandwidth provisioning, even when using mezzanine
or broadcast video compression. But the system also aims at
delivering immersive video services to terminal devices with
lower bandwidth access or less processing power. In particular, a
high-end home set-up capable of processing the full LSR for
interactive rendering, but with typical residential network access,
may be unable to receive the data rate of the complete LSR.
Finally in case of low-powered devices, such as mobile phones or
tablets, the system contains media proxies, capable of performing
some or all rendering functionality on behalf of the end-client.

To be able to transmit a 7Kx2K video panorama over the network,
the A/V Ingest uses a form of multi-resolution tiling before
encoding the panoramic video. Therefore the source video frame
in its original form and one or more downscaled versions are split
into tiles, such that the tiles can be accessed and thus distributed
independently. Multi-rate encoding is performed to a). further
reduce the required bandwidth to transmit the content by using
standard compression techniques and b). to offer the content in
different representations, distinguished by bitrate, such that the
delivery network can make use of rate-adaptation mechanisms
such as adaptive-bitrate streaming or a bandwidth-optimal
selection of tiles [8]. The multi-rate encoding process results in
media delivery units that we refer to as segments. The segments
are subsequently ingested into the delivery network and
transmitted to the A/V Proxies by a Segment Transport Server.

2.1.2 A/V Proxy
At the right-hand side of the network, the A/V Proxy component
is responsible for ensuring that A/V segments required by one
user, or a local set of end-users, are delivered and reassembled
according to their activity requests. The A/V Proxy can also
perform in-network A/V processing using a rendering node to

2.1 Delivery Network Functional Components
In order to be able to a) ingest audiovisual content in real time
with data-rates up to 16Gbps b) accommodate delivery of the
LSR to devices with different characteristics, e.g. processing

Figure 1- The proposed system’s network functionality and delivery mechanisms.
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adapt to personalized requests and/or personalized delivery
conditions, such as access bandwidth and device capabilities. For
devices with limited processing power, these in-network
rendering operations can range from 2D reframing and
downscaling to full 3D rendering, compensating the cylindrical or
spherical distortion of the panorama [9].

multitude of ‘pull’ A/V Proxies, we propose to introduce an
intermediate tier of nodes, called A/V Relays. On one hand, each
A/V relay is required to be located sufficiently deep in the
network to support the reception of the entire content from the
A/V Ingest. On the other hand, it must serve the aggregated sets
of interaction requests from the A/V Proxies.

Figure 1 gives an overview of the system’s network functionality
and delivery mechanisms, essentially highlighting the functions of
the A/V Ingest and A/V Proxy. As previously described in [6] and
[7] this architecture has been designed to support content delivery
over both managed networks, e.g. walled-garden IPTV, and
unmanaged video delivery networks, over the public Internet . As
indicated in Figure 1, two types of end-to-end delivery
mechanisms have been mapped onto this architecture; a publishersubscriber (Pub/Sub) mechanisms to support interactive video
delivery (see section 3.3) and extensions of HTTP Adaptive
Streaming (HAS) to spatially segmented content (see section 3.2).

In addition, an A/V Relay can contain functions to aggregate,
cache and/or relay segment requests to other nodes. Importantly,
the A/V Relay can be also be used as a demarcation point
between delivery modes for the downstream A/V flows. As
illustrated in Figure 2, the A/V Relay contains two functions
back-to-back, referred to as the Segment Transport Client and
Server. Note that the Segment Transport Server is similar to the
one located in A/V Proxies. They allow terminating the transport
from the A/V Ingest and initiating the transport towards the A/V
Proxies. In section 3, we explain this role when using either
HTTP or Pub/Sub based transport end-to-end. In section 4, we
focus on a specific scenario, where we use Pub/Sub delivery on
the Ingest – Relay path and HTTP transport on the Relay-Proxy
one.

In this paper, we highlight the third component of the delivery
network, i.e. the A/V Relay, that allows for a more flexible
combination of the two different transport mechanisms over the
end-to-end delivery chain.

3. DELIVERY MECHANISMS FOR
INTERACTIVE IMMERSIVE MEDIA

2.1.3 A/V Relay
When looking at the delivery path between the two ends of the
delivery network, one can see that there are at least two sets of
transport requirements. At the A/V Ingest side, the entirety of the
content has to be efficiently pushed to the delivery network. At
the A/V Proxy side, less bandwidth is usually available and only a
fraction of the content will be requested on behalf of the served
end-users and these requests may have a high dynamicity
depending on the level of interactivity of end-users. To support
the connection between a ‘push’ source at the A/V Ingest and a

As discussed in section 2, the actual transport of A/V segments
takes place between Segment Transport Servers and Clients. Two
specific delivery mechanisms have been developed between the
A/V Ingest and the A/V proxy, catering for different usage
scenarios and network deployments: Tiled HAS (section 3.2) and
Pub/Sub (section 3.3). Compatibility of the media being
distributed by the mechanisms is achieved by defining a common
tiling format, as described below.

Figure 2 - Delivery network architecture, showcasing the A/V Relay component.
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3.1 Content Segmentation

expresses interest in.

By having a common tiling format we ensure that A/V content
needed to be processed, tiled and encoded only once at the A/V
Ingest; the resulting tiles can then be used by both tiled HAS and
Pub/Sub. As discussed in section 2 the A/V Ingest encompasses
both multi-resolution tiling and multi-rate encoding, thereby
enabling the offering of panoramic video in a range of
presentations.

Within the delivery network a tiled HAS framework was
developed, consisting of a Segment Transport Server (STS), a
Segment Transport Client (STC), a video rendering engine and a
user control node (UCN). The STS provides the tiled HAS
segments which are requested by the STC. The video rendering
engine determines, through the use of a tiled HAS manifest (see
next subsection), which segments are needed to recreate a certain
view or region-of-interest (ROI) as requested by the user via the
UCN, and uses the STC to request those segments. The segments
that have been retrieved by the STC are recombined and
presented on a display.

A content addressing schema has been created which describes
the hierarchy of segmented content. This hierarchy of segmented
content and some example segments is shown in Figure 3. The
hierarchy consists of the following structure:
•

For every layer in the LSR, one or more resolution
scales are created;

•

For every scale, one or more MxN tiling grids are
created, leading to a set of tiled video streams per scale;

•

For every tile, one or more representations at different
quality settings are created;

•

For every representation, the associated tiled video
stream can be temporally segmented.

3.2.1 Tiled HAS Manifest
Content tiling can be seen as the spatial counterpart of temporal
segmentation in current HAS delivery mechanisms. This means
that existing HAS manifests such as an HTTP Live Streaming
manifest or MPEG-DASH Media Presentation Description
(MPD), can easily be extended for tiled HAS, as previously noted
by [12].
The content segmentation hierarchy presented in Section 3.1 is
used as a basis for our Tiled HAS manifest. The differences (blue)
and similarities (purple) between the Tiled-HAS manifest and the
MPEG-DASH Media Presentation Description (MPD) and its
hierarchal structure are depicted in Figure 4. The signalling
component (green) will be discussed in the next subsection.

3.2 Tiled HTTP Adaptive Streaming
Tiled HAS combines the flexibility of HTTP Adaptive Streaming
solutions such as MPEG-DASH [10] with the concept of tiled and
zoomable content [11],[12]. HAS solutions typically combine
multi-rate encoding with temporally segmented delivery of video
streams via HTTP, enabling adaptive delivery of video by
providing a video in different representations (e.g. bitrates),
allowing a client to seamlessly and adaptively switch between
segments from different representations, based on changing
network conditions. By combining HAS with the concept of
tiling, a delivery mechanism is created which allows for the
adaptive and selective delivery of parts of the content the user

Figure 3 – Content segmentation hierarchy.
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out-of scope of the Tiled HAS media presentation, for instance for
signaling the availability of other content, such as alternate
camera feeds, or production scripts, specifying specific ROI
information which could be used to automatically control what
the user will see, resulting in a virtual camera feed.
To be able to fulfill both requirements the Tiled HAS Framework
is extended with a signalling framework (Figure 5) based on the
WebSocket standard, a web-technology which allows for lowlatency two-way communications over a single TCP connection
[14]. Websockets is part of the HTML 5 standard [15], but also
used outside of the web-domain. With the signalling framework,
the Tiled HAS delivery components can provide signaling to each
other with three types of signaling:
1.

Segment Server - Video Renderer; relates to the delivery
function and providing real-time updates regarding the LSR.
It is primarily used by the STS to signal updates and session
information to the video renderer, such as an updated
manifest, alternative Segment Transport Servers, or the
availability of new layers of the LSR (e.g. a broadcast
camera) or so-called production scripts. These scripts contain
production information which can be used to assist or
automate PTZ controls or provide the user with predefined
virtual camera feeds. An example is the tracking of a specific
player during a soccer match.

2.

Video Renderer - User Control Node; enables user
interaction with the video renderer and allows for providing
information that can enhance the presentation and interaction
on the UCN. Examples are requesting session information,
controlling the session (PTZ operations or traditional Trick
Play) and subscription to session related events, such as
additional video streams.

3.

Video Renderer Pass-through; enables pass-through of
signaling messages: events originated by the STS can be
forwarded to the UCN as well. Example is the subscription
to specific live events, such as additional video streams, or
(chat)-messages that should be displayed on the UCN instead
of the traditional display.

Figure 4 – Comparison of MPEG-DASH and Tiled-HAS
manifest structures.

3.2.2 Signalling framework
Within HAS based mechanisms like MPEG-DASH, data and
control path are tightly coupled. That is, HAS is typically purely
client-driven, which means that session updates can only be
signaled by updates in the manifest file. The client therefore
needs to poll the server providing the manifest to see if the
session has been updated, i.e. by using the HTTP If-ModifiedSince header parameter. Some efforts have been made within the
DASH-Manifest to guide how often a client needs to check for
updates, by means of the minimumUpdatePeriod attribute, which
specifies the smallest period between potential changes to the
manifest.
A disadvantage of these solutions is that asynchronous real-time
communication as triggered by the server, for instance for session
notifications or real-time events, is not possible. Furthermore the
delivery network may need to provide other control information

The signaling framework supports two types of communication,
i.e. request-based and subscription-based. The former provides the

Figure 5 - Tiled HAS Framework with Signaling
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means to retrieve session information or alter a session, the latter
allows for subscribing to specific events transmitted by the video
renderer, akin to the Pub/Sub mechanism. The messages are
defined in JavaScript Object Notation [16].

4.1 Architecture
As explained in section 2.1.3, the A/V Relay is introduced as a
demarcation point in the end-to-end delivery path. The IngestRelay portion is expected to support the delivery of the full set of
video tiles. In contrast, the Relay-Proxy portion is expected to
optimally transport the content, taking into account the
interactivity requests. As depicted in Figure 6, we have developed
a set of Pub/Sub mechanisms that cover the need of both portions
of the network. From the Ingest, the entire content can be
multicast to all Relays, whereas from each Relay a managed
combinations of multicast and unicast transport is used to
transport the requested subset of tiles to the connected Proxies.

3.3 Pub/Sub based delivery
Another category of transport mechanisms studied in the project
is based on a publisher-subscriber (Pub/Sub) architecture. This is
inspired from traditional large-scale publish-subscribe systems
where a large set of information flows need to be delivered to a
large set of users. Usually each user is interested in only a subset
of the information streams, and therefore only subscribes to a
subset of the publisher. A characteristic of most Pub/Sub
implementations is that they can seamlessly combine the use of
unicast and multicast channels. As such they allow the system to
selectively and adaptively transmit audio/visual data. This is of
particular interest for managed networks, where combinations of
IP multicast and unicast transport can be performed. They can be
optimized depending on the bandwidth resources and content
popularity. In the following sections, we explain the rationale of
using Pub/Sub for video streaming and indicate where the
mechanisms are used in the overall delivery network.

Figure 6 also indicates that the A/V Relay can be implemented as
a hybrid node, receiving on one side the content from the Ingest
using Pub/Sub and re-offering the content for HAS-based
transport as described in section 3.2.
As the two delivery mechanisms use a common tiling format the
two methods can also easily be combined two offer a single
integrated solution to provide a Panoramic Video over both
managed and unmanaged networks. A typical example would be
having managed delivery in the core network delivery part of an
ISP or Telecom Operator (leveraging high bandwidth conditions
and efficient delivery via both unicast and multicast) with a A/V
relay function converting the streams to Tiled HAS which is more
suited to best-effort based delivery, e.g. unmanaged broadband
and mobile Internet connections. In the next section, we cover the
implementation of this hybrid usage scenario.

3.3.1 Mapping of Video Tile Streaming to Pub/Sub
By interpreting a video stream as a sequence of messages, e.g. at
the granularity of individual frames or of short subsequences,
Pub/Sub mechanisms can be extended to support scalable delivery
of a large number of video sources. In the case of tiled panoramic
content, the proposed approach consists in assigning a given tile
(characterized in terms of spatial location, resolution, quality, …
as depicted in the hierarchy of Figure 1) to a unique publisher. At
the server side, all the available content is thus offered by jointly
running a set of publisher threads. At the other end, each client is
responsible for subscribing to a subset of the video tiles,
depending on their need for sub-regions of the entire panoramic
scene. In our previous work [8], we have studied techniques to
optimally select a subset of tiles within a multi-resolution and
multi-quality hierarchy, under bandwidth constraints.

4.2 Implementation
The Hybrid A/V Relay implementation consists of three
components: a Pub/Sub Segment Transport Client, a Tiled-HAS
Segmenter, and a HAS Segment Transport Server.
The Pub/Sub Segment Transport Client subscribes to the Pub/Sub
Segment Transport Server at the A/V Ingest, which serves the
Panoramic Video with a video resolution of 6976 by 1920 pixels
at 25 fps. The Panoramic Video is provided in four different
resolutions, with a dyadic tiling approach ranging from 1x1 up to
8x8 (see Table 1).

A second means to optimize the usage of network resources is to
efficiently select the type of transports (unicast or multicast)
allowed by Pub/Sub. The general idea is to publish tiles requested
by many end-users on multicast channels and publish the less
popular on unicast channels. The combination of multicast and
unicast to optimally distribute content under capacity constraints
has been studied in [17]. The application to the transport of tiled
content has been studied in 0 in the case of using a shared
medium (such as Wireless LAN).

Tile layout

Frame resolution

Number of streams

1x1

872x240

1

2x2

1744x480

4

4x4

3488x960

16

8x8

6976x1920

64

Table 1: Content tiling settings for the Hybrid A/V Relay
implementation

4. HYBRID A/V RELAY
The 1x1 and 8x8 tiling structures are used by both the Pub/Sub
A/V Proxy as the Tiled-HAS based Proxy implementations,
whilst the 2x2 and 4x4 layouts are used for the Tiled-HAS based
Proxy only, as this implementation uses more intermediate
resolution layers. The resulting 85 streams (85 tiles per video
frame) are offered to the Segment Transport Server, to which the
Hybrid Segment Relay subscribes; the Pub/Sub Segment Relay
only subscribes to 65 streams (8x8 and 1x1). The streams are

The delivery configurations studied and demonstrated in
REMOVED include full end-to-end usage of either HAS or
Pub/Sub –based delivery. This has already been discussed in our
earlier work to full extend. In this section we focus on a new third
delivery configuration which combines both Pub/Sub and Tiled
HAS transport for a hybrid delivery mechanism.
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Figure 6- Hybrid A/V Relay

In the next subsections we elaborate on the signaling functions of
the Pub/Sub and the Tiled-HAS framework which are used in the
Hybrid Relay implementation.

encoded into the H264 format with a GOP size of 1 second (or 25
frames).
For each tile a separate Pub/Sub session is opened, leading to the
reception of 85 independent video streams by the Pub/Sub
Segment Transport Client.

4.3.1 Pub/Sub signalling

Once the Tiled-HAS Segmenter retrieves the 85 corresponding
video streams it can start segmenting each stream to its
corresponding Tiled-HAS segments. To start creating Tiled-HAS
segments for each stream, two constraints have to be fulfilled:
•

Every segment needs to start with an independently
decodable video frame (an I-frame).

•

For each respective stream the initial segment must start
with the same frame number of PTS, otherwise the
content does not remain synchronized.

In addition to being used for transporting the video data, the
Pub/Sub mechanism can also be used to push signaling data. In
this section, we focus on the specific case of using Pub/Sub on the
Ingest-Relay portion of the network. The signaling data are
required by the Relay (and then by the Proxy), in order to
correctly request tiles and handle the received video data. We
develop a specific signaling format that provides the subscribers
with the following information.

This means that the Tiled-HAS Segmenter, when for every stream
the same I-frame has been received, can start writing the first
segments. In the case that for some streams preceding I-frames
have been received, they will be discarded.
Once the first segments have been written and have been moved
to the HAS Segment Transport server (which can be in the same
system, or reside on another network ( for instance a CDN), the
Tiled-HAS manifest is generated. Once this Tiled-HAS manifest
has been signaled to the Tiled-HAS Proxy implementation (see
next section), the transmission of the HAS-segment can start, after
which the Panoramic Video can be displayed on a screen, whilst
offering the user control of the view by means of the Tablet UCN.

-

Description the tiling pattern (grid resolution and scale)

-

Unique Identification of content segment spatially and
temporally

-

Resource locators allowing the subscription to each
segment

Based on this information the Hybrid A/V Relay is able to
retrieve the segments for the Panoramic Video, but also configure
and start the Tiled-HAS Segmenter: it requires the information to
start segmentation but also to be able to create the Tiled HAS
manifest with the correct configuration parameters.

4.3.2 Tiled-HAS signaling
As we discussed in section 3.2.2 we developed a signaling
framework to amongst others be able to transmit live events to our
Video Renderer. For the Hybrid A/V Relay Implementation we
had the Video Renderer connect to the WebSocket Server in the
Segment Server, such that it could receive the manifest in realtime once the first segments where created. This prevented
needing to poll the server for the manifest and thus also
introducing unnecessary delays.

4.3 Hybrid A/V Signalling
An important aspect of configuring and bootstrapping for the A/V
Relay Hybrid implementation is the signaling of the control plane
information, such that the A/V Relay can be dynamically
instantiated or adjusted. Subsequently the Tiled-HAS based A/V
proxy needs to be notified when the Hybrid A/V relay has started.
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[5] Niamut, Omar, Thomas Bachet, and Sander Limonard.
"High-resolution video, more is more?" Proceedings of the
9th international interactive conference on Interactive
television. ACM, 2011.

5. CONCLUSIONS
In this paper we presented the latest developments of the delivery
network developed within an European project. The delivery
network architecture has been extended with A/V Relay
functionality, which allows for more scalable and fine-grained
delivery functions. Another advantage of this A/V Relay function
is the ability to create hybrid delivery functions, which combine
the two delivery mechanisms developed within the project, i.e.
Publisher/Subscriber and tiled HTTP Adaptive Streaming. Due to
a common tiling format, the existing implementations presented
in our earlier work, are now easily combined to create a hybrid
implementation which allows for real-time conversion of Pub/Sub
transport to Tiled-HAS based transport, allowing the delivery
network to provide high resolution panoramic video over both
managed networks towards high-end devices, as well as over
unmanaged, over the top delivery, to mobile and fixed devices
connected to the Internet.

[6] Omar A. Niamut, Rene Kaiser, Gert Kienast, Axel Kochale,
Jens Spille, Oliver Schreer, “Towards A Format-agnostic
Approach for Production, Delivery and Rendering of
Immersive Media”, MMSYS 2013 Proceedings, February
2013.
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2012.
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Vandeputte, Erwin Six, “Demo: Omnidirectional video
navigation on a tablet PC using a camera-based orientation
tracker”, in Proceedings of the Fifth ACM/IEEE
International Conference on Distributed Smart Cameras
(ICDSC 2011), Ghent, Belgium, August 2011.

5.1 Future work
The feasibility of the updated delivery network will be presented
during a final demonstration, where live capture of ultra-high
resolution panoramic video content is processed and delivered in
real-time to a variety of end-terminals. This demonstration will
take place at MediaCityUK, in May 2013, and will include
additional system components, showcasing a variety of novel
aspects for interactive and immersive media delivery. In
particular, this demonstration allows us to further evaluate the
hybrid A/V relay, in which multicast transmission is used first,
after which the A/V relay filters the tile layouts that not needed
by the Pub/Sub A/V proxies. A demonstration may also take place
at the EuroITV 2013 conference.

[10] ISO/IEC JTC 1/SC 29, “Information technology -- Dynamic
adaptive streaming over HTTP (DASH) -- Part 1: Media
presentation description and segment formats”. ISO/IEC
23009-1:2012. April 2012.
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Delivery Network”, in Adjunct Proceedings of EuroITV
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Supporting zoomable video streams with dynamic region-ofinterest cropping. In Proceedings of the first annual ACM
SIGMM conference on Multimedia systems (MMSys '10).
ACM, New York, NY, USA, 259-270.

Additionally, we will investigate if the hybrid A/V Relay can also
be used in a novel way for temporally storing A/V content in the
form of tiled HAS segments, which could then be reused for
Pub/Sub distribution for content replay scenarios. Lastly, we will
investigate an alternative content tiling scheme that is particularly
suited for tiled HAS delivery towards mobile devices only.

[13] Ngo, Khiem Quang Minh, Ravindra Guntur, and Wei Tsang
Ooi. "Adaptive encoding of zoomable video streams based
on user access pattern." Proceedings of the second annual
ACM conference on Multimedia systems. ACM, 2011.
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2nd screen application built with the toolkit, which enables both
viewing of enriched television content as well as social
interactions between viewers. The television content used in our
demonstration is a news program called “rbb AKTUELL” by
one the LinkedTV consortium members, Rundfunk BerlinBrandenburg (http://www.rbb-online.de).

ABSTRACT
We present a multiscreen toolkit that is being developed in the
LinkedTV project. The project researches and develops
solutions for seamless integration of television and Web
content, providing an enriched audiovisual experience. The
multiscreen toolkit enables using devices like tablets as a 2nd
screen in combination with television. The toolkit not only
extends the interactive capabilities of television, but also
enables versatile prototyping of multiscreen applications using
HTML5 technologies. Our demonstration consists of a 2nd
screen application implemented with the multiscreen toolkit
which supports (1) viewing of time-based and spatial
enrichments related to a TV program on mobile devices and (2)
social interaction between viewers while watching a program.

The core themes related to our technical demonstration, which
is targeted to both designers and developers, include the
following:
• How to support presentation of enriched television content in
non-intrusive ways using multiple screens, such as television
and a touch screen tablet
• How to support interaction between viewers with multiple
screens

Categories and Subject Descriptors

• How to build a multiscreen toolkit, which enables flexible
design and testing of multiscreen applications

H.5.2 [User Interfaces]: Prototyping, Interaction styles,
Graphical user interfaces; H.5.1 [Multimedia Information
Systems]: Video; C.2.4 [Distributed Systems]: Distributed
applications.

2. DEMO SCENARIO
The idea of the LinkedTV platform is to automatically enrich
television programs with various types of related information
and media content from the Web. The program related
information that is provided to the viewer should be relevant to
the viewer’s interests as well as to the type of program (e.g.
news). The enrichments and interactive features should be also
presented such that they do not intrude while watching the
program. With these aspects in mind, we can depict a general
scenario for our demonstration:

General Terms
Design, Human Factors, Experimentation

Keywords
Interactive television, multiscreen, second screen, social video

1. INTRODUCTION
Smart TV sets and mobile devices such as tablets have become
part of our everyday media consumption, and multitasking with
different devices is common.1 Web technologies such as
HTML5 are also used increasingly in providing new ways to
engage with television content.2 The LinkedTV project
researches and develops new ways to integrate television and
Web content seamlessly, providing enriched and interactive
television experiences (http://www.linkedtv.eu). In the
LinkedTV platform, enrichments related to a program are
generated based on automatic video analyses and harvesting of
related Web content. These temporally and spatially labeled
enrichments are integrated together with interactive and social
features in a non-intrusive user interface using a 2nd screen
solution.

Laura starts to watch a television program and opens a 2nd
screen application on her tablet. The application shows her
personalized dashboard where she can join the program and
obtain related information. As the program runs on the
television, the enrichments related to it are displayed on the 2nd
screen. Laura can explore them, or just watch the program, as
the enrichments are also available for later viewing. She can
also bookmark items related to the program, or share them with
friends.
Figure 1 below elaborates the scenario further and gives an
overview of some of the interactive features that are available in
the 2nd screen application built with the multiscreen toolkit. A
video runs on the main screen (top), while additional
information is shown on a tablet (bottom left). The enrichments
are show in layers (e.g. “People”), and items related to current
video moment are highlighted. It is possible to view the related
information in detail, bookmark it, share it, or to push it to the
main screen using drag and drop (bottom right). The user can
also adjust with settings what kind of information is shown, and
on which screen it is shown (e.g. information layers can be
turned on/off, and it can be adjusted how and where program
related information or social items are displayed).

Our demonstration shows ongoing technical developments
related to the interface design, which are continuation to prior
LinkedTV work.[1] We present an HTML5 based multiscreen
toolkit developed by Noterik (http://www.noterik.nl), which
enables development of interactive television applications that
operate across devices and screens. As an example, we show a
1

See for example the following studies:
http://razorfishoutlook.razorfish.com/articles/forgetmobile.aspx,
http://www.google.com/think/research-studies/the-new-multiscreen-world-study.html
2
See for example: http://www.hbbtv.org, http://dashif.org
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The front-end of the demo is built for web browsers using
HTML5, JavaScript and CSS technology in order to allow
support for a broad variety of devices. Special attention is given
to mobile devices (iOS, Android) to support touch-based
gestures for the interactive interface. Setting up the connection
between the different devices is made available using the DIAL
protocol.3
The front-end is build on top of an existing cluster-based
platform called Springfield4, which links together a variety of
RESTful web services where audiovisual content is stored
automatically, processed and made accessible for streaming.
The audiovisual content is segmented into both temporal and
spatial fragments[2] and linked to annotations, all generated by
the LinkedTV platform, which enables versatile enrichment on
different dimensions of a video.
For the multiscreen toolkit, additional extensions are written for
Springfield in Java. They will not only handle the sharing,
communication and joining of applications, but also provide a
way to push adaptive designs to client in order to abstract the
client side code.

5. FUTURE WORK
The 2nd screen application demo will be released in June 2013,
and is intended at this phase mainly for the LinkedTV
consortium partners, who can use it in multiscreen application
design within the project. The application and the multiscreen
toolkit serve as a basis for the LinkedTV application and
interface development during the last project year. We also
hope to develop the toolkit further so that it can be easily
deployed for quick prototyping of multiscreen concept and
application ideas more widely. Further research will be done in
the areas of how we can use parts of the toolkit in the upcoming
HbbTV 2.0 framework for both single and multiscreen
solutions, and how the DIAL protocol5 can be used when
viewers are watching together in multiple locations to
share/send apps. User trials will also be conducted in the
LinkedTV project, which provide further feedback on the
multiscreen interface design.

Figure 1: Overview of the 2nd screen application built with
the multiscreen toolkit.

3. INTENDED DEMO AUDIENCE
The demonstration is intended for concept/interaction designers
and technical developers.
Concept/interaction designers: We are interested in showing
the multiscreen toolkit to designers in the area of interactive
television and social video applications. We would like to
discuss possible further extensions to our toolkit, which enable
flexible prototyping of concept and interface ideas.

6. ACKNOWLEDGMENTS

Technical developers: We want to show the multiscreen toolkit
to developers working on advanced HTML5 and multiscreen
applications. We would like to discuss technical aspects of
multiscreen application development as well as open sourcing
of the multiscreen toolkit.

LinkedTV is funded by the European Commission through the
7th Framework Programme (FP7-287911).
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4. TECHNICAL DETAILS
The demonstration will show the 2nd screen application
described above, which is one example of a multiscreen
application that is being developed using the multiscreen
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multiscreen applications, where the developer can focus on
implementation of his idea without having to deal with issues
regarding, for example, synchronization or communication
between the multiple screens.
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http://www.dial-multiscreen.org/dial-protocolspecification/DIAL-2ndScreenProtocol1.6.4.pdf?attredirects=0&d=1
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open source in the future.
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http://www.dial-multiscreen.org

80

IMPELI: implicit user elicitation using Kinect
Matteo Valoriani

Dinesh.Bagaria

Politecnico di Milano

Politecnico di Milano

valoriani@elet.polimi.it

dinesh.bagaria@mail.polimi.it
implicitly [4] or explicitly. Then, in order to construct the user
profile this information is generalized using machine learning [5]
techniques, which are able to infer a model of user interests
starting from items liked or disliked in the past. The final module
exploits the user profile to suggest relevant items by matching the
profile representation against that of items to be recommended.
The result is a binary or continuous relevance judgment, the latter
case resulting in a ranked list of potentially interesting items.

ABSTRACT
Currently all major implicit viewer rating techniques for TV
programs are dependent on one basic metric, whether the user
watched the program or not. For further details a viewer has to be
asked explicitly to provide ratings. So there is a need to come up
with a technique where these ratings can be approximated without
having to ask the viewer explicitly. Our project is a step in this
direction. We have tried to obtain a number of metrics that can be
employed to define a viewer’s interest in the content played. We
have used Microsoft Kinect[1] device for the collection of data.

3. PROJECT DESCRIPTION
Our focus in this project is on the second module of user profiling
described in section 2. We use an implicit approach whereby user
reaction to the content played is recorded and analyzed for
profiling. We developed a profiling system with four modules
based on Microsoft Kinect. Number of people is calculated
implicitly from the information available through other modules.
System analyzes this user behavioral data collected through
Microsoft Kinect using these modules. These modules, in turn,
process this information to analyze different user behaviors. Our
motivation for the choice of these behaviors are described in the
following subsections.

Categories and Subject Descriptors
D.3.3 [Programming Languages]

General Terms
Design, Experimentation, Security, Human Factors.

Keywords
Kinect, User Profiling, Recommender System, demo

1. INTRODUCTION

3.1 Gender

Since the arrival of Microsoft Kinect there has been a foray of
research on various possible application of this technology in a
wide spectrum of domain including entertainment. PalmRC [2]
was one such approach to replace conventional TV remote control
by nothing but the user's palm. Our software is an experimental
project aimed at collecting important user/viewer centric data
regarding the subject’s interest/disinterest towards a video feature
without the viewer having to explicitly rate the feature. The data
collected can be used for further use in designing recommender
systems. The software has been implemented using C#
programming language and the data is collected using Microsoft
Kinect device and the Microsoft Kinect SDK v1.6.

To make more gender appropriate recommendations it is
important to know the gender of the user. When all viewers are of
a particular gender we might want to recommend content
appealing to that particular gender [6]. Again when there is a
mixed population a more gender neutral recommendation may
prove successful. Hence, we believe gender can be substantially
used to provide good recommendation.

3.2 Distraction
Apart from the knowledge of a user watching a feature we also
need to know if the user was engrossed or distracted and
disinterested. Here we depend on the assumption of a likely
situation where if a user likes the content he/she will avoid
distractions and be more interested in watching the feature but
highly susceptible to distractions if the content doesn’t suit his/her
taste.

2. STATE OF ART
The recommendation process is performed in three steps. First
step is the classification of content. When information has no
structure some kind of pre-processing step is needed to extract
structured relevant information. The main responsibility of the
component is to represent the content of items coming from
information sources in a form suitable for the next processing
steps. Data items are analyzed by feature extraction techniques in
order to shift item representation from the original information
space to the target one. Content Based recommender systems then
use the module for profiling [3] which collects the user's
preferences for building user profile. This can be done either

3.3 Sleeping User
This is to include the extreme situation where the content is so
boring for a user’s taste that it puts viewer to sleep.

3.4 Child Detector
Some features are not suitable for children below a certain age
and hence we must consider situations where a child may be
present among the users. This can be used not just for preventive
but also supportive roles. Like when a child is the viewer we
might want to recommend features appealing to children, a Harry
Potter movie for example. For detecting children we have used
height as the parameter. Since height is not universally uniform
we have used the height of Croatian children[7] as our standard

Copyright is held by the author(s)
EuroITV’13, June 24-26, 2013, Como, Italy
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3.5 Number of Viewers

Gender Detection

How often have we heard the phrase “You need to watch it” or
“You’ve got to see this" By design humans are the best
recommender systems ever. We constantly recommend features to
people we know, to the people we know the preferences of.
Therefore, it can be successfully inferred that is somebody is
watching a feature and if there are other people around and if our
viewer thinks that, the current feature might be of interest to some
of these people the number of people watching the feature is
expected to increase. This metric is again useful in identifying
content, which users prefer to watch in a group.

we run a test on the images that we collected from the internet, we
got 90/112 accuracy; while it is applied online to the images from
Kinect we got a lower accuracy.

4. TEST

Sleeping User

For testing purposes we simulated the living room of a general
household. We use a flat screen monitor to display the content.
Viewers seated at a distance of two to three meters from the
monitor. To record the user behavior for later analysis we use a
webcam connected to the computer running the application. This
webcam is mounted on the kinect device so that the stream
recorded by the webcam coincides with the kinect's stream. This
kinect-webcam assembly is placed near the base of the monitor so
that the kinect's line of sight is perpendicular to the monitor plane.
For the content we used movie trailers with duration of two
minutes. Each test session consisted of three trailers lasting six
minutes in all. We tested our project with 8 individuals with 6
male and 2 females all of them between the age of 23 and 30.

We simulated the sleeping behavior of the user. In these cases the
results have been near perfect.

Distraction
Low accuracy with Arithmetic mean as the metric but accuracy of
higher that 60percent achieved with Standard Deviation.

Child’s Presence
In absence of a child the application provides near perfect results.

Number of Viewers
We have tried to improve the application to reduce the problem of
Ghost users, when skeletons are tracked even when there is
nobody in front of the kinect device.

5. CONCLUSIONS
User Profiles generated by Impeli can be used readily to provide
ratings to the content as the profiling is done according to the
user's reaction to the content played. Recommender system
algorithms can employ these ratings for their purposes of
recommending content in the future. In the demo we'll replicate
the test simulating a small living room. We will show trailers of
famous films and observe the user behavior to calculate the
metrics.

In these test setting we have had the following results
Table 1. Test Results for different Metrics
Metrics

Error

Accuracy

Gender

6.896551724

93.10%

Distraction

3.448275862

96.55%

Sleeping Viewer

17.39130435

82.60%

Child's Presence

0

100%

Viewer Count

24.13793103

75.87%
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Figure 1. Experimental Setting
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ABSTRACT
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INTRODUCTION

Traditional broadcast productions typically utilize multiple cameras and frame only a single view on the scene they
capture. Camera selection, the decisions when and how to
cut, is performed by highly skilled professionals, in cooperation with directors, camera operators and further roles
of the production workﬂow. The result is a single output
stream where the same content is presented to every viewer.
A fundamental research challenge to progress towards interactive TV and to support a higher degree of interaction
and personalization, is to automate the view selection process. We present a Virtual Director software component,
developed within the FascinatE1 project, aiming at automatic decision making for a range of viewer groups in parallel. Such a software component has the potential to lead
to more immersive user experiences, to unlock new content
consumption paradigms, to increase the level of freedom for
1

Softeco Sismat
Genoa, Italy

viewers in inﬂuencing the selection of what they see, and to
save production cost by supplying for a number of playout
channels in parallel.
The FascinatE system [4] is an interactive event broadcast
system that aims to automate camera selection and reasons
for a range of viewers in parallel. It allows viewers to both
watch what’s automatically directed by its Virtual Director, or to interactively navigate around an ultra-high resolution video panorama. The output is adapted to the user’s
viewing device, covering anything from a mobile handset to
an immersive panoramic display. FascinatE uses the OmniCam [5], a rack with 6 HD cameras sharing a single optical
center for obtaining a 180◦ panoramic video sequence with
6984 x 1920 pixels stitched together in real-time. The 180◦
ﬁeld of view allows a whole scene like a sports ﬁeld to be captured with one camera and its resolution allows even distant
objects to be captured in good quality so that e.g. persons
at the other end of a sports ﬁeld can be recognized.
FascinatE’s approach can be compared to the LIVE production support system [2] that was successfully evaluated
during the 2008 Olympic Games. LIVE’s aim was the realtime involvement of users in live and interactive TV productions. Our approach in contrast aims for a higher degree in broadcast production automation. More recent automated camera selection results from the APIDIS project
were impressive but have been achieved within diﬀerent constraints [1], e.g. multi-camera person tracking resulting in
higher metadata quality.

We demonstrate a Virtual Director software for automatically selecting, framing and cutting between camera shots.
The Virtual Director takes several sources of information
into account in order to reason for multiple viewers with different devices in parallel, respecting real-time constraints. It
uses a rule-based decision making approach which executes
a set of generic and domain speciﬁc rules. Two diﬀerent content sets from the domains of soccer and dance performance
productions are used to demonstrate the applicability of automatic camera selection in diﬀerent domains. The demo
lets users experience the quality, potential and limitations of
automatic camera selection and to understand the complexity of such a system that is part of an automatic broadcast
production workﬂow.

1.

Marco Masetti and
Valentina Zampichelli

2.

DECISION MAKING PROCESS

The Virtual Director of the FascinatE system is a distributed component that takes inputs from various sensor
channels into account to ﬁnally come up with live decisions
which camera shots/views to show to each viewer (device),
when to cut, and how to follow moving objects. It is called
the Production Scripting Engine (PSE) and is reasoning in
real-time in a distributed fashion over the broadcast and
delivery networks.
To be able to make reasonable decisions, the engine needs
knowledge about the production domain and information
about what is happening in the scene. This can be categorized into two types: (a) Static knowledge describes the
domain including domain speciﬁc production rules, visual
grammar, and potentially further aspects like privacy rules,
content rights and user proﬁles. (b) Temporal knowledge
in the form of events describes what is happening in the
scene. Content analysis modules produce a real-time event
stream of low-level descriptions of the scene such as person

http://www.fascinate-project.eu/
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in the Semantic Layer Management System (SLMS) knowledge base. The metadata is streamed to the PSE to trigger
the decision making process. The output is rendered by the
FascinatE Rendering Node (FRN) which uses recorded content to simulate a live broadcast situation.
This integrated demo is part of a larger live broadcast
system that addresses a number of research questions in the
realm of low-level feature extraction, scene understanding
and decision making within tight temporal constraints. The
quality of the Virtual Director’s decisions lack the narrative
creativity of an experienced human director but the prototype reveals the potential of innovative features in contrast
to traditional broadcast. The aim of the demo is to let
users experience the quality of automatic camera selection
to seed thoughts about both its potential and limitations,
to let them interact by tweaking preferences and judging effects, and to let them understand the complexity of such a
system.
The prototype demonstrates the ability to oﬀer individual
video streams that respect domain-speciﬁc user preferences.
Automation and parallelization enables a range of innovative features that could lead to new content consumption
paradigms. Research questions remain on how to increase
the quality of automatic camera selection decisions with justiﬁable behavior engineering eﬀort.

tracks [3] or a saliency measure for regions. These events are
fused with live annotations of high-level semantic concepts
which are entered by human production professionals.
The production rules must be separately deﬁned for each
production domain. In this demo, the domains of a soccer
game and a dance performance are covered. The production rules for the soccer game focus on the game and bring
interesting sideline actions to the viewer without missing
important actions on the ﬁeld, for example rule 1: If the
ball is moving with medium speed then follow it with a long
shot and rule 2: If an event was detected e.g. an injury of a
player and the game is continuing with low excitement level,
then show this event as long as it is interesting. In sports
games, a lot of meaningful events occur which help the PSE
to make reasonable decisions. Live annotations entered by
professionals consist in this case of events happening in the
scene e.g. an injury, a foul or a goal.
On the other hand, in a dance production, it is much more
diﬃcult to extract enough generic events which would support the decision making process in the same way. Therefore, another approach is used where the production team
annotates virtual camera crops on the panoramic video, e.g.
static virtual cameras, zoom-in and zoom-out virtual cameras, or virtual cameras moving from A to B. Several virtual
cameras might be available at the same time and the PSE
selects one of them which meets the aesthetic criteria best.
The behavior of the PSE is completed by a set of generic
production rules which cover e.g. visual grammar. These
kind of rules includes aesthetic principles which might be
sometimes constraining or contradicting to the domain speciﬁc rules such as stay on the selected shot for at least 3
seconds. Such contradicting behavior must be resolved manually while implementing the rules. All rules together deﬁne how the PSE is automatically framing virtual cameras
within the panoramic panorama, how camera movements
are smoothed, when cuts and transitions to other cameras
are issued etc. This set of rules is executed by a hybrid reasoning system called JBoss Drools2 which is enabled for executing forward chaining and backward chaining rules. The
rule engine also provides event processing capabilities and
therefore implements interval-based time event semantics to
allow temporal reasoning.

3.

4.

5.
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DEMO

The demo allows to switch between 2 content sets of diﬀerent genres. The ﬁrst set is a sequence of 6 clips showing highlights from a 2011 soccer match Chelsea vs. Wolverhampton.
Those scenes highlight how the PSE reacts to events happening at the center of and oﬀside the main action. The
second set of content was shot at Arena Hall Berlin in 2012
and shows a dance performance of the Carmen Suite by
the Berlin Philharmonic. Both scenes were recorded using
the OMNICAM and additional broadcast cameras. During
replay, a syncing mechanism aligns the streaming of metadata, decision making and content rendering processes. A
key factor in enabling a personalized experience where viewers may watch diﬀerent parts of the scene is the fact that
the OMNICAM covers the whole scene all the time. Virtual
camera shots are of good enough resolution to view on most
displays.
For the demo setup, all metadata is recorded and indexed
2
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ABSTRACT

heterogeneous data. Meanwhile, research eﬀorts have shown
the importance of interlinking video content with Web resources to a television user [2], while Aroyo et al. proposed
a scenario where users receive personalized metadata for enriching their television experience [?]. In this work, we propose a demonstration where a user, through gestures, can
capture fragments of the content being played and discover
additional content automatically aggregated using the LOD
cloud. The resulting content is pushed on a second screen
device, enriched with visual galleries created from the vox
populi of social platforms.

In this demonstration, we propose an approach for enriching
the user experience when watching television using a second
screen device. The user can control the video program being watched using a Kinect and can grab, at any time, a
fragment from this video. Then, we perform named entity
recognition on the subtitles of this video fragment in order
to spot relevant concepts. Entities are used to gather information from the Linked Open Data cloud and to discover
what the vox populi says about this program. This generates
media galleries that enrich the seed video fragments grabbed
by the user who can then navigate this enriched content on
a second screen device. A showcase of this demo is available
at http://youtu.be/4mSC685AG7k.

2.

Categories and Subject Descriptors
H.3.4 [Information Systems]: Information Storage and
Retrieval—World Wide Web; H.5.2 [User Interfaces]: Screen
design

General Terms
Television, User Interface

Keywords
Connected TV, Interactive Television, Hypervideo, Media
Fragment, Linked Data

1.

INTRODUCTION

TECHNICAL DETAILS

The television scenario developed for this demo is composed
of a main screen, a second screen device (tablet) and a gesture tracker that allows the user to interact with the system.
The entire user interface has been developed using modern
Web technologies (HTML5, CSS, Javascript), hence both
the main screen and the second screen are displayed using
common Web browsers anticipating the upcoming HbbTV
2.0 speciﬁcation. The interaction between the Kinect and
the main screen is realized through Kinesis.io1 and parsed
by a so-called Sync-Server which, therefore, propagates the
actions to the second screen. The, the second screen collects
the enrichment from the Hypervideo Annotation component
(Figure 1). In the remainder of this section, we further describe the main components of this architecture.
Main screen has two main objectives: showing the television prorgram in full screen mode and enabling the user to
navigate through multiple channels in order to select a video
program. For providing an intuitive content search and an
easy visualization, a mosaic user interface has been implemented, taking inspiration from [5]. The video items are
provided by the LinkedTV2 streaming server. Kinesis turns
this component into a gesture enabled application. The following gestures are recognized: i) swipe-up (video play), ii)
swipe-down (grab shot), iii) swipe-right (video forward), iv)
swipe-left (video backward). Through Javascript calls, the
application sends to the Sync-Server the actions that the
user has performed.

Enriching television content and providing a second screen
experience represents a new challenge for broadcasters. With
the advent of the Linked Open Data (LOD) cloud and social platforms such as Twitter and Facebook, more and more
broadcasters aim to mine information from these streams of
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framework[?]. The entities spotted are classiﬁed using the
core NERD Ontology8 and disambiguated with URIs when
possible. Finally, those entities are also used as input for retrieving additional media items on the Web. From a viewer’s
perspective the content about a particular television program that the crowd is sharing in the Web really matters
because it brings interesting insights about what is happening now. After previous research works in this ﬁeld, we
have used the framework MediaFinder [?] for retrieving and
analyzing fresh media content. MediaFinder collects microposts shared on social platforms that contain media items
as a result of a text query. It automatically creates diﬀerent visual storyboards that reﬂect what users have shared
about this particular event, leveraging on: i) visual features
from media items for near-deduplication and ii) textual features from status updates to interpret, cluster, and visualize
media items. By querying for the label of every extracted
entities, MediaFinder returns related items that are also attached to the media fragment a particular entity belongs to.
This way, the main seed video program is illustrated with
fresh photos and videos that correspond to people feelings
and emotions.

Figure 1: Architecture: enriched video program on
a second screen
Sync-Server is the core of the architecture. It holds the
synchronization between the gestures captured on the main
screen and the user interface rendered on the second screen.
It is powered by a NodeJS3 server and it keeps the connections alive with the second screen(s) through WebSockets. When a recognized gesture (event) occurs on the main
screen, this component forwards the corresponding action to
the diﬀerent second screen devices.

3.

CONCLUSION AND FUTURE WORK

In this paper, we have presented a framework which exploits
the Kinect interaction for allowing a user to grab a video
fragment from a main screen where a video is displayed and
to splash it on a second screen. Such an action enables
the user to discover more pre-processed metadata about the
content that has been captured, using both the LOD cloud
and numerous social platforms. We aim to build hypervideos
that connect streams of heterogeneous data coming from the
Web, projected on a second screen where the user ultimately
navigate through.

Second screen receives from the Sync-Server the actions
forwarded by the main screen. A master/slave paradigm
controls the harmonization between this component and the
main screen. According to the main screen’s timestamp and
the video identiﬁer received from the Sync-Server, it collects
the video fragment annotations available in the Hypervideo
Annotation repository. Diﬀerent second screen devices can
be connected to the Sync-Server at the same time.
Hypervideo Annotation repository contains the video
metadata. Traditionally, EPGs (Electronic Program Guides)
provide only coarse and static information about an entire
program. In our approach, rich metadata about the program
is instead represented according to the LinkedTV ontology4 .
This model deﬁnes a list of classes that are relevant in the
television domain such as Chapter, Scene, Visual Concept,
Visual Object and relies on other well-known ontologies
like the Open Annotation Core Data Model5 , the Ontology
for Media Resources6 , the NERD ontology, and the Programmes Ontology7 . Using the Media Fragments URI 1.0
speciﬁcation, television content can be annotated not only
at the level of the entire program but also at diﬀerent degrees of granularity (in the current demo, chapters, subtitles,
and shots). Those individuals are the anchors for attaching
information such as legacy metadata from the providers, automatic analysis results like concept detection or face recognition, and entities with links to other resources in the Web
where extra information about the content can be found.

4.
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ABSTRACT
Cinehack is a hardware hacking resource for lo/no budget
filmmakers, covering some of the practical, day-to-day, groundlevel aspects of filmmaking; aspects which are usually overlooked
at film schools and on many film production courses, but which
reflect the scaled-down nature of many contemporary filmmaking
practices, particularly those in which quality is expected to remain
high.
Cinehack’s target audience is everyone from those who are
filmmaking as a hobby, self-shooters and early-career
professionals, to more established professionals who are working
to tight budgets and must find ways to improvise to keep costs at a
minimum.

Figure 1. Cinehack - http://cargocollective.com/cinehack

In general terms, the project is designed to help produce high
quality video and audio, without the need for expensive
equipment.

2. CINEHACK DEMO
The Cinehack demo will feature working demonstrations of
several tools developed for the project, as well as links to the
online resources, which explain how to make them. In addition,
the Cinehack demo will feature a poster explaining the project,
with details of a variety of related projects, representing both
online communities such as those mentioned above and specific
DIY productions, which have been made using the kinds of
technologies Cinehack represents.

Categories and Subject Descriptors
H.1.2. [User/Machine Systems]

General Terms
Design, Human Factors

Keywords
Hardware, Hacking, Film, DIY

2.1 Cinehack Tools

1. INTRODUCTION

2.1.1 RC Dolly

Cinehack's central resource is a website, hosted by Cargo
Collective, offering tips, instructions and knowledge about some
of the complex, expensive and difficult technical aspects of filmmaking. Examples include, 'How to use Toy Helicopters for
Aerial Shots' and 'Building a Motion Control Rig using Arduino'.

This remote control dolly was built using an £8.99 remote control
car, two pieces of plywood, six woodscrews, a caster and some
(green) gaffer tape. Two versions of this were made for the
purpose of installing movable cameras close to the stage at a live
performance where visible camerapersons would have been
visually distracting and impractical.

Many of these technologies have been built, developed and tested
by the small Cinehack development team, on real shoots. Other
resources are aggregated from sites such as Instructables and
LifeHacker and the Maker and DIY communities.
Planned developments for the site include functionality allowing
volunteer Cinehackers to sign up to make projects and evaluate
their for affordability, complexity and usability using a simple (5
star) rating system and hacker workshops where members of the
community can come together to build the systems described.

Figure 2. RC Dolly
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2.1.2 Film Riot DIY Slider

2.1.4 ‘Copter-Cam

This project was based on one of several online DIY slider plans.
It was made for a total of less than £20 using copper conduit,
plywood, plastic guttering and assortment of small screws. It is
designed to help create short, slow horizontal tracking shots.

The ‘Copter-Cam is a remote-controlled helicopter with a small,
wide-angle camera mounted to the underside. This simple system
can achieve, in small bursts, effects similar to expensive aerial
shots, which are usually taken from full-sized helicopters.

Figure 3. Film Riot DIY Slider

2.1.3 The Scho-Rig (mk I and mk II)
The Scho-Rig is similar in concept to the Fig-Rig, a lightweight,
hand-held camera rig, made and popularized by the British film
Director Mike Figgis. This rig, however, is an extremely basic
shoulder-mount, designed to achieve steadier shots than are
usually possible with hand-held rigs. It emulates the functionality
of more expensive shoulder rigs, but exhibits a comparable degree
of success in terms of shot stability. As with manyof Cinehack
projects, it can be made for virtually nothing. The mkII Scho-Rig
features an additional handle.

Figure 5. ‘Copter-Cam User Guide

2.2 Orientation
Orientation (2011) is a lo/no budget interactive science fiction
horror film, which was produced using Cinehack principles and a
variety of Cinehack technologies. As part of the proposed demo, a
linear edit of Orientation will be screened (on a loop) to showcase
the quality of what is achievable using Cinehack techniques.

3. Relevance to EuroITV
It is hoped that this demo will help highlight the cultural shift
towards user-generated content and provide insights into the
practical challenges faced by citizen filmmakers and highlight the
creativity inspired by financial and logistical restrictions
commonly faced by hybrid user-producers.
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Figure 4. The Scho-Rig mkI
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Collaborative Creation: Enabling Community-Based
Narratives through User Generated Content

ABSTRACT

1. INTRODUCTION

The traditional models of content delivery and creation as well as
the roles of content producer/deliverer and content consumer/
viewer are being challenged in an environment of increasing user
generated content. While the amount of user generated content is
growing, there is an imbalance with respect to its quality and
variety. In this paper, we discuss our research into two real
collaborative documentary productions. We present two
collaborative models of narrative content creation that
demonstrate the way in which users have more control over their
content and have a more immersive experience with the content.
Crowdsourcing user generated content after a major natural
disaster is explored in the production of “lenses + landscapes”. We
discuss crowdsourcing as a means to utilize existing media assets
to deliver a narrative experience that consists of many small parts,
but whose overall impact as a whole is greater than the sum. Colocated collaborative content creation is examined in the
production of “places + perspectives”. The implementation of
large, remotely located touch screens in collaborative sessions is
illustrated and analyzed. By presenting the findings and details of
our two experiments on collaborative storytelling, our goal is to
demonstrate different methods for creating and curating
collaborative content in and over remote locations to allow for a
unique and enhanced user experience for content creators,
collaborators and the viewers.

Narratives are intertwined with the human experience. Stories,
recipes, traditions, history, and knowledge have been passed down
and shared for generations by people of various backgrounds
through narratives. Narratives have taken the form of spoken
stories through oral tradition, visual stories through primitive
drawings, sculpture and later, paintings. Some even consider
science and research as another form of narrative, further
solidifying narrative’s incorporation into our human fabric [11].
With advances in technology, the use of photographs, audio
recordings, and motion pictures combined many of the earlier
narrative models into the forms available today [13].
In the last decade, video technology, particularly video cameras
and video capture technology, has advanced dramatically in terms
of media and capabilities. No longer are video tapes and videotape
playback machines necessary to create and watch video content.
Besides the streamlining of equipment and accessories needed to
capture video, the technology has reached a point of affordability
and portability where almost anyone can possess some type of
video recording device and have it on their person at almost any
time. Video cameras, which once were a heavy burden on wallet
and strain on one’s arm, now cost the same amount as a dinner for
two and can fit into a pocket, next to a wallet. By 2006, close to
half of all households in America owned a camcorder [25]. With
camera-enabled mobile phones and smart phones becoming more
prevalent, almost anyone anywhere has the tools necessary to
record digital video.

Categories and Subject Descriptors
H.5.1 Multimedia Information Systems; H.5.2 User Interfaces; J.5
Arts and Humanities

The proliferation of the internet through the expansion of
broadband infrastructures and high(er) speed mobile internet in
the past decade and more has complemented the advancements in
video technology [9]. In the mid-2000s, the rise of internet video
sharing sites has made it possible for anyone to share and
distribute their digital video content with people anywhere at any
time. These recent digital innovations have brought new trends in
the forms and shapes that narratives can take. Video sharing sites
in the last few years, such as YouTube and Vimeo, have made it
easy for almost anyone to share their experiences, likes, dislikes,
opinions, and creative work with the whole world. Never has it
been easier for people to show their neighbors, next door and
around the world, what and how they see the world. This new
found convenience of effortlessly sharing videos has caused a
shift in the content producer and content consumer paradigm.

General Terms
Management, Design, Human Factors

Keywords
Collaboration, User Generated Content, Narrative
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In the past, the viewership had to make the best of what was
offered in terms of video content. Motion picture content, whether
in the form of film or television, was a result of a creative process
fully controlled by the producer. Many times, it was the content
rights’ holders (major film studio, TV network, etc.), not the
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after the 2010 Haiti Earthquake by using Twitter to facilitate and
organize recovery and rescue efforts on the ground in the
Caribbean from all over the world.

artists or creative forces behind the narrative, who dictated the
way in which the production was carried out. This centralized
model of authorship meant that the audience played a passive role
and was at the mercy of the producers in terms of content choices
available to them.

After the Great East Japan Earthquake and Tsunami on March
11th, 2011 (3.11), this urge to help in any way shape or form with
the recovery and rebuilding efforts was very strong not only for
Japanese citizens but for people everywhere. Everyone’s eyes
were transfixed by the unbelievable images being broadcast on
television and the internet. News media, both Japanese and
international, were transmitting real-time images of the havoc
caused by the earthquake, aftershocks, and tsunami on the Tohoku
region of Japan. Also, social media allowed average people to
share images taken from their digital cameras, mobile phones and
smartphones with the rest of the world instantaneously. The world,
at once was inundated with a barrage of shocking real unfiltered
images of the catastrophe unfolding in front of them and the trail
of destruction it left in its path.

Until recently, the criteria for judging content as ‘interesting’
depended on the choices made available by the content producers.
Now, however, the audience has the choice and equipment to
create content that they like, which they know to be interesting.
The consumers are also producing and changing the landscape of
the video content market through the use of digital video
technology. Content distribution, as well as authorship, is shifting
from a hierarchical model to include collaborative models that are
based on shared authorship [4]. Instead of only relying on existing
or traditional forms of narrative expression such as books,
magazines, radio, television and movies for entertainment and
information, people are now presented with a wider variety of
content options from which to choose from. There are multiple
distribution channels to search and watch contents, and a legion of
devices by which contents can be consumed.

In order to create the and facilitate a collaborative environment for
visual media production, the Growing Documentary concept was
introduced as a result of 3.11. The Growing Documentary is a
platform for computer supported cooperative work (CSCW) using
user-generated content to produce digital video contents that can
be remixed, reworked and built upon as the story and story tellers
change and adapt. We propose the Growing Documentary as a
framework to test and observe the production of user-generated
content into a narrative representation. Not only did the events of
3.11 have an impact on Japan and the rest of the world because of
the unprecedented level of damage caused by both terrestrial and
oceanic natural disasters; but also because news of the impact was
delivered to people with unprecedented expedience and quality
via a variety of media to people everywhere.

The transition to more video-based contents has increased the
number of content choices for people. YouTube, the most widely
recognized video sharing platform, has 72 hours of video added
every second [26]. There is no doubt that selection has
exponentially increased in terms of quantity in a short period of
time. Despite the increase in the number of videos available, the
quality of videos available online is not commensurate to the
quantity. This is demonstrated by the fact that 30% of videos on
YouTube draw 99% of the audience [23].
The disproportion in the relation between content quantity and
content quality is reflective of a prevalent issue with user
generated contents. While the proliferation of video technology,
the increase in broadband infrastructure and the introduction of
ITV into households accounts for the rise in the number of
contents produced by users (i.e. non-traditional contents
producers), the content has yet to reach its potential in providing
qualitative value for the audience. User generated contents are
expanding the viewer’s horizons as to what is a happening around
them and the world. However, when content production comes to
mind, many viewers are not only looking for more resources from
known or available sources, but they also want more engaging
content. In order for the content to engage the audience, the
audience needs to have a genuine connection with the content.

3.1 “lenses + landscapes”
3.1.1 Background

Inspired by how traditional media outlets were utilizing new
social communication tools to broadcast their contents and the
way in which people in the most devastated areas who had no
electricity or public services were using their smart phones or
feature phones to receive information and communicate their
stories to the outside world, graduate students at Keio University
were moved to create the documentary film “lenses
+landscapes” [18]. The students set out to document the reality of
the earthquake, its aftermath, reconstruction and recovery with 4K
motion pictures [20] in order to make an impact by providing a
lasting impression on people so that the memory of the disaster
would not fade. In 16 weeks, the students, with a novice level of
documentary film production, were able to create a high quality
visual narrative that reflected the immediacy of the events
surrounding the disaster through the curation of user generated
content.

2. OVERVIEW
The best way to form the connection between the audience and
the content is for the audience themselves to become content
creators. In this paper we discuss narrative creation from two
different collaborative approaches: narrative from content already
available, and narrative from content produced by co-located
teams via remote collaboration. Both approaches represent
different possible scenarios of collaborative content creation and
curation that can enhance the user experience for collaborators as
well as viewers.

3.1.2 Pre-Production Challenges

In the early planning phase of the project, many logistical
problems arose. Although the greater Tokyo area - where the
students’ University was located - was not very badly affected, in
terms of structural damage, injury and human casualties, access to
the hard-hit Tohoku region was greatly hindered. Also, many basic
services that one takes for granted like electricity and
transportation infrastructure were very limited, if not completely
wiped out, in the heavily affected areas. Once it was realized that
it would very difficult to bring, transport and maintain all the
equipment and even travel to the local areas in Tohoku for filming
and interviewing, a new production plan was devised.

3. GROWING DOCUMENTARY
In times of disaster, the natural human inclination is to help those
affected. However, when disasters -- especially those of a great
magnitude -- occur, coming to the aide of people who have
suffered is often overshadowed by the scope of the tragedy itself.
Modern technology has enabled more people to assist in times of
disasters in ways never thought of before. An example of this is
the “Voluntweeters” [22] who answered the call to (digital) arms
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3.1.3 Production

Building upon the notion that crowdsourcing can play a pivotal
role in disaster management [18], high-quality digital still images
from three amateur and professional photographers were collected
in the production of the documentary. Photos were chosen as the
message medium of the narrative for “lenses + landscapes” to
communicate the impact of the tragedy while and after it was
happening. Still images captured singular moments in time. By
stitching and blending the images and moments, snapshots of the
disaster were transformed into a visual storyboard of people lives,
loss and the rebuilding thereof.

Aomori
Morioka

Akita

Iwate

Yamagata
Miyagi
Fukushima

The three photographers -- Max Hodges, Kensuke Mori and
Yukoh Nakamura -- all had a personal connection to the affected
areas (Figure 1). Max Hodges was an American professional
documentary photographer living and working in Tokyo. With
virtually no information available as to what was exactly going
on, Max hitchhiked his way up to the Tohoku region to capture the
raw images of the immediate aftermath of the situation. From the
top floor of his former school, Kensuke Mori, then a 19 year old
university student, watched and documented his hometown being
wiped away by the massive force of the tsunami. In a matter of
moments, Kensuke witnessed and captured his life change.

Tokyo

Figure 2. A map showing the Tohoku region in Japan denoted
in dark green.
easily sift through the files and choose the images for the
documentary while each photographer’s data is being was
transferred to their own folder (Figure 3).
4K resolution [1] was chosen as the output resolution of the film
as it could deliver the most vivid and real imagery to the
audiences. The reality of the situation could be best understood
visually through this high resolution medium. Another reason for
selecting 4K is for the audience to feel as if they were there, they
needed to be able to see the images in their rawest and purest form
with crisp clarity. In terms of future proof and preservation, 4K is
being adopted as a standard by both the film and television
industries.

Figure 1. From left: Max Hodges, Yukoh Nakamura, and
Kensuke Mori.
Similar to Kensuke, Yukoh Nakamura was also from the Tohoku
region of the country. Fortunately, Yukoh’s hometown of Morioka
in Iwate prefecture was far away from the pacific coastline of
Rikuzentakata and other coastal towns which were heavily
damaged, if not almost completely annihilated (Figure 2).
Nakamura felt the need to go to the devastated areas and
document what had happened for the sake of those who could not
and for people everywhere to know what took place.
By utilizing the images taken by the three photographers, the
same story about the earthquake and tsunami and how it damaged
land and lives was given a multifaceted point-of-view. The three
men served as storytellers adding feeling and emotion to
complement the images. Although the three were from different
backgrounds, the images and stories they provided through their
photographs added layers to the narrative of the tragic event and
drew on similar messages of hope for the recovery and rebuilding
of the affected areas and people.

Figure 3. Screenshot from the cloud server web interface.

3.1.4 Mix-Media/ Hybrid Approach

One of the greatest challenges facing the production of “lenses
+landscapes” was the lack of 4K recording equipment. Due to
time and budget constraints, a 4K camera could not be acquired
for the production of the documentary. As a workaround, a
combination of high-resolution digital still images from the
photographers combined with 1080p (1920×1080 pixels) HD
video interviews and background footage of the photographers
was implemented to create a mixed media ultra high-resolution
film. The resolution of the digital still images was within or above
the pixelation required for 4K resolution (4096x2160 pixels).

Over 2300 hi-resolution digital still images were procured from
Max, Kensuke and Yukoh. The crowdsourcing of the digital assets
was facilitated with a cloud server. As the images were high
resolution, a dedicated cloud server was setup to allow the
photographers to send their data files. Due to the large file size,
volume per upload and connection fidelity issues, a proprietary
and controlled cloud server proved to be a better choice rather
than commercial cloud services or email. The cloud server played
an important role for both the photographers and the production
team. The three collaborators were able to simultaneously upload
multiple files to a secure server. The production team was able to

The film was constructed of still images juxtaposed with other
still images and/or HD video (Figure 4). As the HD video scenes
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Figure 4. A screen-grab from lenses + landscapes.
Figure 6. SAGE interaction with the media assets during
CineGrid 2011.

were of a lesser resolution than 4K, the screen was divided into 4
quadrants: upper left, upper right, lower left and lower right. HD
video scenes would be in one or more of these quadrants at any
one time. This division of the the screen enabled content to be
simultaneously presented on the screen at once. By choosing 4K
as the output resolution, the multiple scenes on the same screen do
not confuse or overwhelm the audience as would be a likely effect
with lower quality. Through the hybrid approach, the documentary
gained a level of narrative depth that would not have been
otherwise possible. The stories, like the the individuals who
shared them with the audience, were dynamic and unique
representations of the the human condition.

3.2 “places + perspectives”
3.2.1 Background

After the interest shown in the interactive demonstration of
contents from “lenses + landscapes” at the Cinegrid 2011 meeting,
graduate students from KMD and undergraduate students from
UCSD (the University of California, San Diego) decided to start
the next iteration under the Growing Documentary framework.
The students decided to start work on the short documentary
“places + perspectives” [15]. “places + perspectives” was a colocated collaborative film making project.
The majority of participating students were within the 20-30 age
demographics and most come from diverse backgrounds. Thus,
the production was international both in location and people
involved. The team sizes changed depending on time and
availability on the KMD side. There were at least 4-7 people
depending on their time restrictions and the production needs. The
UCSD team had more students with around 11 members, and that
number also varied since this project was done on a voluntary
basis at the UCSD side.

3.1.5 Screening and After-life

“lenses + landscapes” was not only shown at a special screening
during the 2011 Tokyo International Film Festival, but audience
members as well as those who did not see the movie also had a
chance to interact with the film via Scalable Adaptive Graphics
Environment (SAGE) [19] OptIPortals. Multiple SAGE “walls”
were joined together in San Diego [7]. Through the use of high
photonics networks, the film streamed in 4K across the Pacific,
and the audience in San Diego was also able to connect with the
production team in Japan and interact with them as well as the
contents (Figure 5). People had a chance to immerse themselves
in the images, videos and sounds of “lenses + landscapes” (Figure
6) while interacting with others in Japan in real-time to re-mix and
create their own versions of the story [2].

3.2.2 Production Process

The Japanese and American teams met online through HD
streaming sessions via the 10 GigE network between KMD and
UCSD (Figure 5). The early discussions revolved around finding a
documentary theme, discussing the production process, deciding
on the equipment, and defining a style for the piece. The

Figure 5. A network schematic showing the live HD/4K streaming and SAGE configurations between KMD and UCSD.
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new filmmakers and amateurs face during the entire film
production.

frequency of consecutive meetings was determined as twice per
week until March 2012; the goal at this stage was to collect as
much content for the 11th Annual ON*VECTOR Photonics
Workshop (February 29 - March 1, 2012). After completing the
event, the meetings were reduced to once per week until the
summer of 2012.

Table 1. Cloud Server Specifications
KMD
(Yokohama, Japan)

The original theme that both sides agreed on was “displacement”
and how it affects people who choose to live abroad. Both teams
also discussed their equipment choices, and DSLR (digital singlelens reflex) cameras with 1080/24p HD recording capability were
chosen as the main camera equipment. The setup is considered to
be a hot trend amongst independent documentary makers
nowadays. To establish visual unity in the contents, it was
necessary to keep the filming process as similar as possible. This
was easier to attain by choosing to film with the Canon 60D and
5D DLSR bodies and 70-200mm zoom lens, a 16-35mm fixed
zoom lens and a 24-70mm and 115mm and 100mm lenses for
special effects in the b-roll.

CPU

Memory
Storage

There were set production roles such as the director, director of
photography, and production manager while others such as
cameraman, audio engineer, and set assistant were split amongst
different people depending on their availability. For each
interview, the following workflow was conducted:

Intel Xeon
X5365@3.0GHz
4 Core x 2

UCSD (San Diego,
California, USA)
Intel Xeon
X3350@2.66GHz
4 Core x 1

4GB
SATA RAID5 1TBx5

OS

Linux kernel 2.6.18

Software

Apache, AjaXplorer

SATA RAID0 2TBx3

3.2.3 Social Media & Sharing Infrastructure
Various methods of communication were used aside from the live
streaming sessions. Social media communication tools such as
regular email, Google Groups, Google Drive, and Facebook were
used to accommodate for the time differences. These
communication tools were used due to their familiarity and
availability to the participants. Moreover, cloud servers were also
employed in the making of this documentary with one on KMD’s
side and another on UCSD’s side (Table 1). In order to manage the
assets properly through metadata and annotations, the PIX System
was used [14]. This professional system is used by many
production studios to allow for better project management and
streamlined online collaboration. It could be used to cover the
entire production process but the implementation of PIX within
the “places + perspectives” production came at the later stages
where the assets were already gathered. The introduction of both
the cloud sharing and PIX System allowed both UCSD and KMD
production teams to focus on the assets and creative process and
less about file management and asset tracking. All these tools had
one common goal: communicate the vision of the production
clearly for the best possible outcome (Figure 7).

• The majority of the interviewees were chosen through
contacts and social media. The Production Manager contacts
the person of interest via social networks, email, or personal
phone call. The potential Interviewee approves and provides
a date, time, and place for the interview.
• The Production Team arrives and sets up the equipment
where the Interview is recorded with two cameras and an
audio recorder.
• After getting the interview footage, B-Roll footage of
Interviewee is taken afterwards.
Most of the people involved in making this documentary were
fresh to the many aspects of documentary making in general, and
DSLR shooting in particular. Consequently, this made the
production reflective of current market trends in movie making
and also gave a good viewpoint into some of the difficulties that

Figure 7. The network infrastructure, tools, and hardware used in places + perspectives.
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Figure 8. A SAGE wall at UCSD showing the video assets
collected for the places + perspectives. This setup was used
for visual storyboarding the content.

Figure 9. A screenshot from PIX System application. The left
panel shows the notes attached to a specific frame
of the video displayed on the right.

3.2.4 SAGE Implementation

parties, however, the collaboration level gradually decreased at the
editing stage.

One distinctive element in the production of “places +
perspectives” was the use of SAGE OptiPortals throughout the
different stages of production (pre-planning, ideation, and, later,
storyboarding). SAGE was an essential tool for visual
brainstorming and a convenient method for sharing photo and
video contents as it was designed for the display of media assets
[17]. The SAGE units at KMD and UCSD were connected over
the CineGrid network with its high bandwidth pipelines.

The editing of the project took place in many stages. The postproduction of an average documentary film typically involves
reviewing the acquired contents and assembling a story out of
seemingly unrelated interviews and other clips. As such, each
team conducted a separate internal review and editing session
before discussion at a meeting. The editing session was greatly
aided by the input of notes and tags on the PIX System. The tags
on all the videos are not only searchable, but they also have the
added function of being able to be exported into a spreadsheet
software, such as Microsoft Excel, so that the tags can be
visualized. From the biggest umbrella tags, the general categories
were established. The proxy videos on PIX System were then retagged, with each possible scene from all of the interviews being
assigned into one of the aforementioned general categories. The
post-production process was identical to conventional film
making, with the contents being arranged in storyboards, then
subsequently edited in an editing suite.

During the brainstorming stage, SAGE was essential in sharing
inspirational photos, sample clips of documentary film shooting
styles, etc. By visualizing the brainstorming sessions over the
SAGE unit, participants had a better shared understanding of the
direction of the project. The large real estate allowed for the
simultaneous view of the different movie clips shot and the
interactivity of the screens allowed the clips to be rearranged in
different sequences. This method granted the users with a view of
the story flow that is different than viewing it on a smaller PC
screen.

With the help of UCSD and the Electronic Visualization Lab
(EVL) at the University of Illinois, Chicago, we were able to
address some of the usability issues and we are continuing to
investigate the integration of new tools to the SAGE Environment.

Due to the nature of documentaries, the storyboarding stage
usually starts after collecting the assets to find the connection
[21]. This aspect allowed the experimental use of SAGE as a
visual storyboarding tool to view the assets and interact with them
more openly than in a file browser or Non-Linear Editor (NLE)
environments [5]. SAGE was essential for keeping the
communication channels open, and allowed each group to easily
share video contents (Figure 8).

4. DISCUSSION
4.1 Synchronous/Asynchronous Collaboration
In both “lenses + landscapes” and “places + perspectives”,
collaborative approaches to building the narrative were
implemented in the production process. Through the use of user
generated content, both works were examples of a shared
authorship model of collaboration. The type of collaboration
differed with respect to how and when it occurred during
production. The two documentaries differed, however, in their
collaborative approach.

3.2.5 Facilitating Collaboration

The MOV (.mov) file format was chosen for the various contents
filmed and collected by both teams. Having MOV as the only file
format simplified the editing process, and streamlined the
production process as it is one of the supported files formats on
SAGE. This meant that the original file could be shared directly,
without the need to convert the contents. Sharing the contents in
this manner during the weekly meetings established unity in shots
and continuity.

“places + perspectives” employed collaboration not only in the
acquisition of contents, but also in the production process and
players involved in the production. The teams, and individuals of
which they were composed, were engaged in active, real-time
collaboration from the pre-production stage of the documentary.
Although typical production roles were assumed, the creation of
the narrative was not based on a hierarchical structure. The
collaborators in both Japan and America, while separated by
physical distance, were able to connect and share ideas virtually
through the use of technology. This close contact allowed the
collaborators to think together, make mistakes together and learn

One of the realizations throughout the production process was the
difficulty of the organizing and editing stages. In order to find
common themes amongst the collected videos, the PIX System
was used for video annotations and metadata tagging (Figure 9).
After narrowing down the videos of interest, a thematic timeline
was created by UCSD as a guide for the story sequences. Yet, it
was the editing phase that caused the biggest bottleneck to the
production; the majority of the production was done in a
collaborative manner with constructive exchange between both
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Figure 11. An overview graphic showing the different approaches employed in the production of both documentaries.
In “places + perspectives”, teams on both sides of the Pacific
ocean were able to overcome a viscous time difference and
collaboratively produce a multifaceted documentary piece. The
democratization of technology played an essential role in
maintaining the consistency of the narrative as well as its look. By
using the same or similar DSLR cameras, both the UCSD team in
California and the KMD team in Japan were able to discuss
settings before and after filmings. Not only was this beneficial for
editing process with respect to color correction and lighting, but it
also created another sharing aspect to the collaborative process.
The teams had the ability to assist their own team members with
filming as well as provide advice or even get help from the remote
team located half a world away (Figure 11).

together. During the joint collaborative sessions the virtual
presence did not hinder human interaction.
Collaboration in “lenses + landscapes” was a result of
crowdsourcing assets from various collaborators. Time and cost
factors decrease while quality and efficiency increase as a result
of crowdsourcing [8]. The asynchronous collaboration was
facilitated by the curation of assets by the production team.
Crowdsourcing proved invaluable as time was a major factor in
the production of the documentary. There was a sense of urgency
in sharing the film as soon as possible in order for people to still
have a connection with the events of the earthquake and tsunami.
Also, as is the case with breaking news, crowdsourcing allowed
for the acquiring of assets immediately after the event. In order to
produce a high quality film, both in visual quality and message,
crowdsourcing was the best option. By tapping into the talent of
the “crowd”, the assets acquired not only made “lenses +
landscapes” cohesive as a narrative, but it also brought together
the three photographers and their stories and solidified the
narrative structure by giving it depth and dimension otherwise not
possible within the limited time frame.

4.3 A More Collaborative Workflow
In a traditional film setting, the film production process usually
follows this sequence: pre-production, storyboarding, production,
post-production, and distribution. Documentaries, however, have
the production process preceding the storyboarding process. After
the production and collection of assets, they are examined by the

4.2 Democratization of Tools
In both of the aforementioned examples of the Growing
Documentary, synchronous and asynchronous collaborative
filmmaking techniques were utilized to make deliverable and
presentable projects. Both iterations of the Growing Documentary,
“lenses + landscapes” and “places and perspectives” were made
possible by the democratization of tools and equipment. Each of
the cameras used by the three photographers in “lenses +
landscapes” are/were readily available consumer/prosumer
(professional + consumer) models that can/could be purchased
easily from many shops (both online and brick & mortar) at
competitive price points. Although there is a noticeable range of
quality and detail with respect to quality of parts and sensors in
relation to the the cost of the equipment, the base level of quality
is up to such a degree that the digital still images captured from
these three wide ranging and different digital cameras can appear
together, blended into an ultra high-resolution documentary film
as was the case in “lenses + landscapes”.

Figure 10. Traditional film workflow compared to the
Growing Documentary workflow
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The GD is also an important step in furthering the field of
interactive documentaries [2]. The GD platform allows
collaborators to not only interact with one another in the
production of a story, but also with the elements of the story.
Moreover, the story itself becomes an interactive experience:
ideas, images, videos and sounds can be shared and recontextualized by the storytellers as well as the audience.

filmmakers to oversee the content flow (Figure 10). This method
allows for more freedom in terms of narration, yet could also
hinder the storytelling project when a narrative thread could not
be identified easily [21].
The documentary “Japan in a Day” was produced using short
videos submitted by various participants, which later evolved into
a long format documentary [24]. A look at "lenses + landscapes"
and "Japan in a Day" process in parallel shows that both films
were done with very little intervention from the filmmakers
during the production phase. Additionally, most of the assets were
accrued from user generated content. The filmmakers allowed the
content to take center stage with only directing and guiding the
flow and cohesion of the narrative [18]. Consequently, the
filmmakers of Japan in a Day gave up some of their traditional
roles to allow for the user’s involvement.

5. FUTURE RESEARCH
5.1 Accessibility - Distributed Interfaces
SAGE OptiPortals are ideal research tools for studying and
experimenting with the possibilities of non-linear narrative
creation and co-located collaborative content creation and sharing.
SAGE for all its merits, however, has some issues pertaining to
space, power, and cost demands that make it prohibitive. Due to
its size and amount of power required to run it, a SAGE unit may
not be practical for institutions or individuals everywhere.
Building on this, we tried to evaluate sharing between different
interfaces, which led to the use of UME Board (Universal Media
Board).

With “places + perspectives”, since the production was conducted
in two different timezones and locations, this opened different
possibilities for the entire film. First, the production relied on the
familiarity of the production team to their surroundings and
people within their respective geographic locations. Thus,
scouting locations and contacting people happened smoothly and
simultaneously in Japan and the USA. This meant more leads and
resources within a shorter time frame and lower costs overall.
Second, tasks, especially post-production ones, were divided
amongst these co-located teams allowing the production to span
24 hours if needed. Third, the implementation of the PIX System
allowed the tracking of every change to the assets and the person
responsible for that change.

5.1.1 Integration of SAGE and UME Board
UME Board is a multimedia device that can be used “out of the
box”. Like SAGE, UME Board allows touch interaction through
the use of infrared sensors. Unlike SAGE, which is an opensource and multi-platform environment, UME Board is (currently)
preloaded with Microsoft Windows 7 (Table 2). The hardware also
contains a free-writing memo feature which complements joint
projects conducted remotely by allowing real-time annotation.
Due to its size and (relative) affordability, UME Board is a
practical and feasible tool for people who would like to work
collaboratively in visual production.

4.4 Feeling the Story
Both “lenses + landscapes” and “places + perspectives” took
advantage of SAGE OptiPortals at some stage of the production
process. In “lenses + landscapes” the production was based on the
fact that a topic was determined -- 3.11 earthquake and aftermath
-- but there was a lack of assets to support the narrative. After the
production was completed, the potential of taking advantage of
and utilizing “extra” or “unused” footage along with portions that
made the final cut were made evident by introducing SAGE walls.
The SAGE units gave the narrative a new life and direction by
putting the power of the storytelling in the hands of the audience.

Table 2. SAGE & UME Board Comparison
SAGE
Size
Sensors

The scalability, interactivity, and computing power of SAGE
along with the large real estate allows a simultaneous view of
different media assets. By applying these strengths during the
production of “places + perspectives”, we experimented with
SAGE as a storyboarding tool when discussing the collected
assets from KMD and UCSD. The interactive touchscreen enabled
the video clips and images to be rearranged in different sequences
more easily and flexibly than in an editing suite. This permitted
both sides to work on the direction and stroy flow of the movie.
Furthermore, the capability to share multiple laptop/desktop
screens on the unit’s display gave an opportunity to use different
software applications that were not natively supported by the
OptiPortal environment such as non-linear editors.

Setup
OS
Sharing

Scalable

UME Board
55” Fixed

infrared sensors
Requires technical skills

Easy

SAGE Commons

Windows 7

Native sharing function

Requires apps/ services

In order to enhance the collaboration level and number of
collaborators, we decided to integrate SAGE and UME Board. As
both systems were developed to communicate within their own
environments, the initial challenge was to make the two systems
interoperable. The goal was to capitalise on the strengths of both
systems to maximize the collaborative potential. For the initial
experiment, a SAGE protocol- based unidirectional connection
was established between an UME Board in Berlin, Germany and a
SAGE OptiPortal in Yokohama, Japan. The experiment was
conducted in real-time with assets transferred from the UME
Board to SAGE (Figure 12).

In both situations, having the touch capability not only altered the
way in which the story was created or the contents accessed, but it
also transformed the way in which the concepts were consumed.
The user experience became much more immersive by
introducing the SAGE OptiPortals. The users, creators and
collaborators are literally handling their contents and story at their
fingertips. An intimacy develops with both the contents as well as
other collaborators interacting with the touch interface.

5.2 Large Screens as Productivity Tools
Part of the appeal of both SAGE and UME Board is the large
estate they provide for users. The ability to view content and
assets on these large screens at the same time is quite different
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devices (e.g. Wii Remote) or freehand motion tracking by a
camera (e.g. Microsoft Kinect). As gestural input moves beyond
home gaming settings, freehand gestural interaction, which has no
need for hands-on input devices and so enables easier and more
convenient “walk up and use” [3], is likely to become more
important in interactions with TV in everyday settings.

ABSTRACT
Users increasingly expect more interactive experiences with TV.
Combined with the recent development of freehand gestural
interaction enabled by inexpensive sensors, interactive television
has the potential to offer a highly usable and engaging experience.
However, common interaction tasks such as text input are still
challenging with such systems. In this paper, we investigate text
entry using freehand gestures captured with a low-cost sensor
system. Two virtual keyboard layouts and three selection
techniques were designed and evaluated. Results show that a text
entry method with dual circle layout and an expanding target
selection technique offers ease of use and error tolerance, key
features if we are to increase the use and enhance the experience
of interactive TV in the living room.

Currently, however, it is still difficult to perform some common
tasks such as text entry with freehand gestural interaction. For
example, when a person is trying to search for a program or a
video clip on an interactive TV, her text entry task may be
challenging due to several factors including, for example, the
relatively low resolution of many remote gesture sensors and the
distance to the TV screen.
Although research has been conducted on text input with various
input devices and techniques, most techniques use handheld input
devices and so cannot be used directly in freehand interaction.
Therefore, we are motivated to investigate freehand gestural text
input methods. Here, we report findings from the design and
evaluation of some candidate virtual keyboard layouts and input
techniques.

Categories and Subject Descriptors
H.5.2 [Information interfaces and presentation]:
Interfaces – Input devices and strategies, Interaction styles.

User

General Terms
Human Factors; Design; Measurement.

2. RELATED WORK
2.1 Gestural Interaction and Interactive TV

Keywords
Text entry; Freehand gesture; Expanding Target.

Gestural interaction has been investigated for a long time and
many different gesture types have been designed and evaluated,
and efforts made to summarize and classify different types of
gesture [18, 37, 39]. Karam and Schraefel [18] classified gesture
styles as deictic, manipulation, gesticulation, semaphores and sign
language. Deictic and manipulative gestures are similar to
pointing and manipulating in real life interaction, and they could
be used without special learning or training. Gesticulation is the
gesturing that accompanies everyday speech so it too requires no
special training. In contrast, semaphoric gesture and sign
language require a dictionary and even grammatical structures,
thus training is necessary before using these gesture types with an
interactive system.

1. INTRODUCTION
The increasing use of interactive TV in the living room brings
novel opportunities and requirements for rich and engaging
interactive experiences. There are many different ways to interact
with an interactive TV. The most common input method is using
a traditional remote, however, the remote normally offers only a
limited set of buttons and does not lend itself to offering richer
means of interaction. Other input methods used for computers or
mobile devices can also be used with interactive TVs, such as
keyboard, mouse, and touch-sensitive displays. However, these
input devices are usually installed close to or even contiguous
with the screen so they are not suitable for typical use scenarios
with an interactive TV where the user is often at a distance from
the screen. Mobile devices such as phones or tablets can also be
used to interact with remote displays, but configuration is often
needed to connect the personal devices so this may not be
convenient in some scenarios.

Various input devices and gestures have been investigated with
interactive TV. Bobeth et al. [5] tested freehand menu selection
for interactive TV with 4 different designs, and found that
freehand gestures could be an appropriate way for older adults to
control a TV. A selection task was also investigated in [29], and
participants preferred freehand gestural pointing to using a handheld pointing device. Drawing different shapes in the air can also
be used to select objects or menu items [2] with interactive TV,
however, certain shapes are not easy to perform and remember,
and have low recognition rates. User defined gestures for TV
were also evaluated in [38]. The results showed that a pointing
action was frequently used and a desktop interaction style, such as
a push in mid-air to simulate clicking, was observed in many
cases.

Gestural input is increasingly popular, using hands-on input
Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that
copies bear this notice and the full citation on the first page. To copy
otherwise, or republish, to post on servers or to redistribute to lists,
requires prior specific permission and/or a fee.
EuroITV'13, June 24-26, 2013, Como, Italy.
Copyright 2013 ACM 978-1-4503-1951-5/13/06...$15.00.
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However, there has been some criticism of semaphoric and sign
language style gestural interaction, including arguments that
gesture is a step backwards to command-line interfaces [27],
natural user interfaces are not natural [26], and that gestural
interaction should be based on well designed metaphors rather
than gesture design [16].

gesture based text input interface, the input speed was only 1.83
wpm [13].
Text input with a virtual keyboard is basically a sequence
selection of small targets packed together on the keyboard. This
is a challenging task for noisy motion tracking with a low-cost
single camera system. For example, one typical issue for freehand
gesture text input is the difficulty of gesture delimiter design [3].
Accot and Zhai proposed a cross technique which can be used for
selection without clicking [1]. A similar method was used for
freehand selection in [31], in which users reach towards the target
to select without the need to stay inside the target. Furthermore,
although an “expanding target” can be used to support selection
for small targets, it can only magnify in visual space but not in
motor space when targets are closely packed [24]. Although a
predictor could be used to increase the motor space before the
cursor enters the target area, the benefit is very limited [24].

2.2 Text Entry and Interactive TV
The handheld remote control is by far the main input device for
TVs, and many text input methods designed for TV remotes have
been proposed and investigated [7, 14, 35]. Geleijnse et al. [9]
also compared the physical Qwerty keyboard and remote control
for text entry and suggested that the Qwerty keyboard is better.
Gestural text input methods have gained more research interest
recently and many gestural text entry methods have been
proposed and investigated. Most of these methods could also be
used with interactive TV. For example, Jones et al [17] used
accelerometer-based gesture enabled by a Wii remote and virtual
keyboard for text entry. Users achieved 3.7 words per minute
(wpm) in first time use and 5.4 wpm after 4 days’ practice. A
stroke-based text entry method was also designed with data gloves
and fiducial markers [25]. Users reached 6.5 wpm without word
completion after 2 weeks’ practice. A Wii remote was used for
text input with large displays in [34]. Three different layouts –
circle, Qwerty and 3D cube – were evaluated and the Qwerty
layout had the best performance (18.9 wpm), but decreased
significantly with more errors as the user moved away from the
display. Kristensson and Zhai [20] investigated shape writing
recognition to perform word-based text input with a stylus
keyboard, and saw high performance in informal trials. However,
a test of text entry methods on mobile touch screens showed
Qwerty was faster than handwriting and shape writing text entry,
and handwriting was the slowest and least accurate text entry
technique [6]. Other text entry methods originally designed for
stylus and touch screen, such as FlowMenu [12] or Quikwriting
[15, 28] could also be used with freehand gestural text input.

3. DESIGN OF FREEHAND TEXT ENTRY
3.1 Design Considerations
Our aim is to implement text entry methods that facilitate “walkup-and-use” – or in the case of interactive TV, more likely “sitdown-and-use” – interaction experiences [3], while retaining the
simplicity and directness of freehand interaction. Most previous
gestural text entry methods use handheld devices or fiducial
markers for tracking motion, which can offer accurate tracking of
hand, wrist and fingers. Freehand motion tracking enabled by an
inexpensive remote camera, on the other hand, can track hand
motion robustly but not the small motions of wrists or fingers,
especially when users are at a distance from the display/sensor.
Besides the lack of fine movement tracking, there are also some
other challenges for freehand text input, such as noisy motion
tracking, no physical button or surface to click or touch, and no
physical support or tactile feedback for the hand.
Text entry methods based on freeform alphabetic character
recognition have been investigated in considerable previous work
[e.g. [19, 25, 41]. With such methods, however, users need to
learn and remember a set of gestures. Such learning demands
may not be suitable for scenarios with interactive TV where quick
and easy interaction is important. Text entry methods based on
word level prediction, such as shorthand writing [20, 43], Swype3
or text input based on speech recognition [13] are also possible for
freehand text entry. But with interactive TV applications, the
requirements of non-dictionary word entry could be high (e.g.
entering user name, password, email address, or url), thus
character based text input may be better suited to interactive TV.

Besides holding a tracked device in the hand (e.g. Wii remote) or
wearing a data glove or fidual markers, it is also possible to track
freehand gesture with low-cost remote cameras, such as Microsoft
Kinect1 or ASUS Xtion2. This type of tracking device has the
advantage of enabling freehand tracking in 3D space without
requiring the user to hold any device in the hand or use fiducial
markers. However, such tracking techniques with a single remote
camera normally have low resolution and tracking accuracy. For
example, the accuracy of the Microsoft Kinect depth sensor is
about 3mm in the image plane and about 1cm in depth at a
distance of 2 meters [30, 40]. In practice, the skeleton tracking
based on the raw depth data can be even noisier.

A virtual keyboard can provide easy recognition and learning [17,
34] and, therefore, may be more suitable for interactive TV text
entry. Although character arrangement on a virtual keyboard can
be optimized according to the context of use and alternative
arrangements may improve the performance of expert users [4,
12, 15, 17, 33], the Qwerty layout still has some benefits [34, 42],
is the basis of many improved text entry methods [8, 21, 42] and
has the advantage of familiarity to many users. For “walk up and
use” and entertainment scenarios with interactive TV, the
familiarity of the Qwerty layout is very important to users, with
less demand for extra learning and less visual scan time. Thus we
designed our gestural text entry based mainly on the Qwerty
keyboard layout and a character based text entry method.

Kristensson et al. [19] investigated freehand text entry using
freeform alphabetic character recognition, and the evaluation
shows a recognition accuracy of 92.7%–96.2%, however, no
evaluation on text entry performance is available from their study.
Freehand gesture was also used with speech recognition for text
entry [13], and 5.18 wpm text input speed was achieved.
Although freehand gestural text input with a virtual keyboard is
widely used in commercial products (such as games designed for
Microsoft Kinect), there is very little research available on this
topic. A previous study showed that with the default Xbox 360

1

http://www.microsoft.com/en-us/kinectforwindows/

2

http://www.asus.com/Multimedia/Xtion_PRO/

3
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http://www.swype.com/

top row and bottom row in Qwerty, and the middle row of the
Qwerty layout is turned vertically and put sideways in each circle
based on the corresponding hand and fingers when using a Qwerty
keyboard. Gaps are used to separate the different character
groups for a clearer mapping to the familiar Qwerty layout.

One benefit of freehand gestural interaction is that the hand can
move in 3D space, which means that the virtual keyboard can be
in 3D. However, results from previous research [34] indicate that
3D layout text entry has low performance. And previous work on
2D and 3D option selection with freehand gesture [32] also
suggests that freehand selection with a 3D layout is less accurate
than with a 2D layout. Thus, we designed and evaluated a 2D
keyboard layout in this study.

80 cm

3.2 Keyboard Layout



 



3.2.1 Qwerty
40 cm

As noted above, Qwerty is a very familiar keyboard layout and
has been shown to perform well as a virtual keyboard with a midair handheld device [34]. It is therefore a reasonable candidate for
freehand text entry. For our prototype design and evaluation, we
used a Qwerty layout of 28 characters (26 English letters, space
and backspace), similar to the keyboard used for touch-screens
such as Windows Phone (Figure 1). More keys could also be
added in different applications.
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Figure 2. Up: Dual-circle layout. Down: Selection techniques;
spherical grey cursor controlled by the user’s hand position.

AAB

Space and backspace are represented by circles located in the
middle of the keyboard for easy access with both hands. As users
dislike selecting in the left-down direction with the right hand
[31], the left-down portion of the right circle and the mirrored
portion of the left circle are left blank.

Y
X

3.3 Character Selection

Y
Side View

As noted above, without a physical device in the hand and buttons
to click, freehand gestural selection can be challenging. And
although finger and wrist movement are used in some previous
work, they are less suited to freehand interaction tracked by a
remote inexpensive camera, so other techniques are required.

Z
(a) Timeout





(b) Reach (c) Expand&Reach

Figure 1. Up: Qwerty layout. Down: Selection techniques; the
spherical grey cursor is controlled by the user’s hand position.

3.3.1 Timeout

3.2.2 Dual-circle

One common method for freehand selection is pointing to the
target and waiting for a timeout threshold. It is easy for novices to
understand and perform and is accurate for large targets. The
primary disadvantage is that the dwell time can slow overall
selection time. For both our layouts, the timeout selection method
can be used: the user points to a character by the X-Y position of
her hand and waits for the timeout threshold, e.g. 1.2 s, to select
the character (Figure 1.a, Figure 2.a).

Besides the Qwerty layout, another virtual keyboard layout that
has been investigated is circle. Although the circle layout is not
as effective as Qwerty with a mid-air handheld device [34], it may
bring benefits for freehand interaction. For example, rather than
being tiled, characters are arranged to offer easy access to each
character from the center of the circle. With accurate handheld
devices such as in [34], all characters could be distributed in a
single circle. However, for freehand motion tracked by low cost
camera, the character size could be too small for reliable use with
noisy tracking input in an interactive TV scenario.

3.3.2 Reach
As an alternative to timeout, hand motion can also be used for
selection confirmation. The Reach technique has been used for
target selection with freehand gestures [31], in which users select
by moving their hands to reach into the target in 3D. For a virtual
Qwerty keyboard placed vertically in front of the user’s body
position (in this case at 40 cm), the user can point to the desired
character by X-Y movement of the hand and then reach forward
in the Z-dimension to select the character (Figure 1.b). For the
Dual-circle layout, the character can be selected by moving the

To address this issue and to leverage the two-handed operation
that freehand gestural interaction allows, we proposed a Dualcircle layout for text entry (Figures 2 and 3). The characters are
evenly distributed in 2 circles next to each other. Thus each
character can be bigger than if they were distributed in one
similarly sized circle. To leverage users’ familiarity with the
Qwerty layout, we based the character distribution on Qwerty: the
top and bottom of each circle is used for characters located in the
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the hand moves forward to reach it. The selected character
appears immediately below the target sentence. A “typing” sound
is played when a character is entered correctly. If the entry is
incorrect, an error sound is played instead and the input is shown
in red. All mistakes must be corrected for each sentence.

hand’s X-Y position to reach across the border of the desired
character tab (Figure 2.b).
With the Reach technique, although 3D hand position is required
in the Qwerty layout while only X-Y position is required in the
Dual-circle layout, with both layouts the user’s hands move freely
in 3D space to reach the characters. In practice, with both Qwerty
and Dual-circle layouts, the user tends to move the selecting hand
forward and towards the target character simultaneously in one
fluid movement.

Both keyboards were 80 cm x 40 cm, with the top edge at the
same height as the user’s shoulders in motor space. Two spheres
sized 2 cm were controlled with the hands. With the Qwerty
layout, the hand in front of the other is enabled and rendered in
black, the other is rendered grey and disabled to avoid accidental
selection. With the Dual-circle layout, the blank center area is
large enough to accommodate an idle hand without accidental
selection, so no disable mechanism was used. For timeout
selection technique with both layouts, the dwell time was 1.2 s.
The 1.2 s dwell time was based on a pilot study which showed
that less than 1.2 s produced more errors, and the observation that
almost all commercial Kinect interfaces with timeout selection use
more than 1.5 s.

3.3.3 Expand&Reach
In both layouts, the character size is relatively small so could be
difficult and error-prone for freehand selection. It is also difficult
to expand the target in motor space for tiled targets in 2D
interfaces [24]. However, since the hand can move in 3D space,
the combination of the extra dimension and the Reach selection
technique brings new interaction opportunities. We designed
additional Expand&Reach techniques for both keyboard layouts.
With the Qwerty layout, when the user points to a character, an
expanded target appears along the Z-dimension (e.g. 5 cm further
away than the current hand position and 2 times bigger than
original size). The user moves her hand forward to reach the
expanded target in order to select (Figure 1.c). With the Dualcircle layout, when the user points to a character, an expanded
character tab containing the target character appears in the center
of the corresponding circle (Figure 3). The user moves her hand
to reach the expanded target to select it (Figure 2.c).

4.4 Experimental Setting
A Sanyo PDG-DWL2500 3D projector was used at 1280 x 720
resolution with a 203 x 115 cm screen centered at 130 cm height
to simulate a large interactive TV display. A Microsoft Kinect
camera was used with a refresh rate of 30 fps and the Kinect for
Windows SDK V1.5 on Windows 7. The Kinect camera was
placed 50 cm in front of the screen at a height of 70 cm. The user
stood 250 cm from the screen (Figure 3).

There are several potential advantages of the Expand&Reach
technique: (i) easier selection – the target expands in both visual
and motor space; (ii) error tolerance – users need to move their
hand to reach the expanded target to confirm selection, so if they
notice a selection error before reaching the expanded target, they
have a chance to (re)select the right character; (iii) requires only
hand position tracking – no fine finger movement or posture
tracking is needed.

4. EXPERIMENTAL EVALUATION
A controlled experimental evaluation was conducted to
investigate the effects of the different keyboard layouts and
selection techniques.

4.1 Independent variables
The independent variables were Layout (Qwerty, Dual-circle),
Selection Techniques (Timeout, Reach, Expand&Reach), and Day
(1 to 5).

Figure 3. Experimental setting.

4.2 Participants
6 participants (4 males, 2 females) were recruited from the local
campus, mean age 26 (sd = 1.7), all right handed and with some
experience of gestural interaction for gaming.

5. RESULTS
5.1 Typing Speed

4.3 Procedure

A repeated-measures ANOVA for Layout x Selection Technique
x Day was used to analyze the text input speed. Main effects were
found for Selection Technique (F2,10=144.27, p<.001) and Day
(F4,20=21.49, p<.001). Layout had no significant effect (F1,5=1.38,
p=.29). Interaction effects were found for Layout x Selection
Technique (F2,10=11.69, p<.01) and Day x Selection Technique
(F8,40=6.05, p<.001).

The evaluation lasted for 5 days with 6 sessions every day. Each
session tested a combination of Layouts and Selection techniques.
In each session, 4 sentences were presented for the participant to
reproduce, the first as practice followed by 3 test sentences. Six
sets of sentences were randomly selected from MacKenzie and
Soukoreff’s phrase sets [22] and were assigned randomly to
different sessions. User preferences and NASA task load index
(TLX) data were collected on the first and last days.

Post hoc Bonferroni pairwise comparisons showed that Reach and
Expand&Reach were both significantly faster than Timeout
(p<.001), with no significant difference between them. Text input
speed in the last 3 days was significantly faster than on the first
day (p<.05), with no significant difference between the last 3
days. Mean text input speeds across all conditions are shown in
Figure 4 and Table 1.

Each character is white and highlights yellow when pointed at.
With Timeout selection, the color gradually changes from yellow
to green until timeout. Using Reach and Expand&Reach with
Qwerty, the character gradually changes from yellow to green as
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5.3 Hand Movement in 3D Space
We also recorded the hand movement distance per character in
day 5. A repeated-measures ANOVA for Layout x Selection
Technique was used to analyze hand movement distance per
character. Main effects were found for Layout (F1,5=39.42, p<.01)
and Selection Technique (F2,10=10.21, p<.01). No interaction
effect was found. Post hoc Bonferroni pairwise comparisons
showed that Qwerty layout required significantly more hand
movement distance than Dual-Circle (p<.01). The Timeout
selection technique had significantly less movement distance than
Reach (p<.05). There were no other significant differences
between selection techniques. Mean hand movement distance per
character is shown in Figure 6(a).
Figure 4. Mean text input speed. In this and later charts, error
bars represent 95% confidence intervals.

100

Qwerty

Hand Movement Distance (cm)

Table 1. Mean speed (wpm) in day 1, day 5 and over 5 days.
Dual-circle
Reach

Expand
&Reach

3.99

6.11

5.56

7.31

4.96

8.57

8.46

6.63

4.55

7.58

7.01

Expand Time&Reach
out

Timeout

Reach

Day 1

4.65

4.76

5.61

Day 5

5.46

7.29

5 days
overall

5.25

6.22
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Qwerty/Timeout
Qwerty/Expand&Reach
Dual-circle/Reach
Qwerty/Reach
Dual-circle/Timeout
Dual-circle/Expand&Reach

5.2 Error Rate

(a)

A repeated-measures ANOVA for Layout x Selection Technique
x Day was used to analyze error rate. Main effects were found for
Layout (F1,5=10.86, p<.05) and Selection Technique (F2,10=11.09,
p<.01). Day had no significant effect (F4,20=1.94, p=.14). No
interaction effect was found. Mean error rates are shown in
Figure 5 and Table 2.
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Hand Movement Distance (cm)
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(b)
Figure 6. Mean hands movement distance per character. (a)
Hand movement distance in 3D space (b) Hand movement
distance in X, Y and Z axis.

Figure 5. Mean error rate.

Day 1

3.00

10.44

6.11

1.63

6.42

2.27

Day 5

1.61

6.46

1.60

0.00

5.81

1.38

We analyzed the hand movement distance in different axes (i.e. X,
Y, Z) using one-way ANOVA for six text entry methods. We
found that with Qwerty/Timeout and Dual-circle/Reach there was
no significant effect of axis (p<.05). With Qwerty/Reach,
Qwerty/Expand&Reach and Dual-circle/Timeout, main effects
were found for Axis (p<.001). Post hoc Bonferroni pairwise
comparisons
showed
that
with
Qwerty/Reach
and
Qwerty/Expand&Reach methods, hand movement in the Z axis
was significantly more than in the X and Y axes (p<.05), while
with Dual-circle/Timeout and Dual-circle/Expand&Reach
methods, hand movement in the Z axis was significantly less than
in the X and Y axes (p<.01). Mean hand movement distance per
character in the X, Y and Z axes is shown in Figure 6(b).

5 days
overall

1.60

6.24

4.14

0.64

5.45

2.58

5.4 Task Load

Post hoc Bonferroni pairwise comparisons showed Qwerty to be
significantly more error-prone than Dual-Circle (p<.05). Timeout
had significantly fewer errors than Reach (p<.05). There were no
other significant differences between selection techniques.
Table 2. Mean error rate (%) in day 1, day 5 and over 5 days.
Qwerty
Timeout

Dual-circle

Expand TimeReach
&Reach
out

Reach

Expand
&Reach

A repeated-measures ANOVA for Layout x Selection Technique
x Day was used to analyze the NASA task load index (TLX).
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Overall Workload

Main effects were found for Layout (F1,5=9.21, p<.05), Selection
Technique (F2,10=5.75, p<.05) and Day (F1,5=7.61, p<.05). No
interaction effects were found. Post hoc Bonferroni pairwise
comparisons showed that the Qwerty layout had significantly
higher task load than the Dual-circle layout (p<.05), the Reach
selection technique had significantly higher task load than
Expand&Reach (p<.05), and the task load on day 1 was
significantly higher than on day 5 (p<.05). Figure 7(a) shows the
overall workload. Figures 7(b) to (g) show users’ mental demand,
physical demand, temporal demand, performance, effort and
frustration.
60

Frustration

80

Qwerty/Timeout
Qwerty/Expand&Reach
Dual-circle/Reach
Qwerty/Reach
Dual-circle/Timeout
Dual-circle/Expand&Reach

Figure 7. NASA task load index (TLX) results. (a) Overall
workload (b) Mental demand (c) Physical demand (d) Temporal
Demand (e) Performance (f) Effort (g) Frustration

5.5 User Preference

Day 1
Day 5

User preference data for each input method was collected on the
first day and the last days. Users gave their preference (from 1 for
strongly dislike to 10 for strongly like) after each text entry
method, as shown in Figure 8. Overall, all participants preferred
Dual-circle/Expand&Reach on both the first and last days of the
study. The Dual-circle/Expand&Reach technique could enable
people to input text comfortably in both “walk up and use” and
the slightly longer term use (5 days) of our study. Its error
tolerance also allows more casual hand movements without high
concentration and physical effort.
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The dual-circle layout had better performance and lower task load
than the Qwerty layout. Although users are more familiar with
the Qwerty keyboard, its characters are packed in 2D, so character
selection is more difficult than with the dual-circle layout. We
noticed that when users select a character with one hand, they
normally put down the other hand to avoid careless error selection.
With the dual-circle layout, they can just relax the hand because
there is enough blank space in the center to prevent careless error
selection.
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When using the Qwerty/Reach text entry method, users felt it was
difficult to find the reach point in the beginning due to the
absolute character position. High physical demand was also
reported
for
Qwerty/Reach
(Figure
7c).
With
Qwerty/Expand&Reach, on the other hand, as relative location
was used, it was easier to select. However, both Qwerty/Reach
and Qwerty/Expand&Reach required long movement distance
when inputting text (Figure 6a), which was largely due to the hand
movement for character selection along the Z dimension (Figure
6b). In contrast, as no hand movement along the Z dimension was
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required with the dual-circle layout, and users felt more easy and
relaxed in their text entry tasks.

6.3 Tracking Sensors and Freehand Gestural
Text Input

Participants also noticed their improvement for the Reach and
Expand&Reach techniques with both keyboard layouts.
Especially with the Dual-circle layout, typing speed increased
continuously over 5 days (Figure 4). Timeout selection had few
errors with both layouts, but the dwell time slowed text entry
speed so it was not liked by users. Typing speed with the timeout
method, with both layouts, did not improve in the course of the
study as other text entry methods did.

Our work aims to facilitate freehand gestural interaction tracked
by a low-cost remote single camera with no requirement for a user
to carry, wear or pick up an input device or fiducial markers. We
used Microsoft Kinect in this study as it is a typical currently
available low-cost remote gesture tracking sensor. Some more
accurate tracking systems, such as Vicon cameras4, can offer high
accuracy but they require markers on the body and calibration
before use, which we explicitly want to avoid. Other sensors,
such as the soon to be available LeapMotion sensor5, may provide
accurate hand tracking without markers, but the tracking range is
relatively short and thus may not suitable for interactive TV.

Overall, Dual-circle/Expand&Reach was the best text input
method. It is error tolerant thanks to the Expand&Reach selection
technique so users make fewer careless wrong selections. The
dual-circle layout also leaves enough blank space in the center to
help people to relax their hands when not inputting text without
worrying about triggering a selection when relaxing the hand.
Thus Dual-circle/Expand&Reach is a practical text entry method
for interactive TV. The Dual-circle/Reach method is more
straightforward for selection but was found to be error-prone in
this study. It could be a fast entry method given future
improvements in tracking resolution. Qwerty/Expand&Reach
could be used in scenarios in which familiarity with the standard
Qwerty keyboard is desirable. The Qwerty/Reach method,
however, may be a less promising method, given its high error
rate and the high mental and physical effort noted by the
participants.

Even with remote single tracking sensors having higher resolution
and become more affordable, there are still some common
limitations of freehand interaction that cannot be solved by
increasing tracking resolution: e.g. (i) having only one tracking
angle brings occlusion of finger/wrist motion, (ii) previous work
has shown that when the hands are moving freely in 3D, the user
cannot point as accurately as with a 2D surface [36], and (iii)
motor control with large muscle groups, e.g. the shoulder, is less
accurate than with small muscle groups, e.g. fingers [10, 32].
Even with technical advances, remote camera tracking will share
many of the current benefits and limitations and our main findings
are broadly applicable across this class of devices. It is highly
unlikely that improvements in tracking resolution would have a
detrimental effect on Expand&Reach. Dual-circle/Reach, as
suggested above, although error-prone in this study, could be a
fast entry method given future improvements in tracking
accuracy.

6.2 Timeout Dwell Time
Typing speed with the timeout method, with both layouts, did not
improve with practice. As noted above, the 1.2 s dwell time was
based on a pilot study that showed a dwell time of less than 1.2 s
produced more errors for beginners, and the observation that most
commercial Kinect timeout based interaction uses more than 1.5 s.
Our results suggest that the 1.2 s dwell time was suitable for first
time use, however, it could be unnecessarily long for more
experienced users, thus limiting performance. We also found that
error rates using the timeout selection technique were low. With
Dual-circle/Timeout, there were no errors at all in the last two
days (Figure 5). Users also commented that the dwell time for the
Dual-circle/Timeout method could be shorter after some practice.

The performance of Dual-circle/Expand&Reach (5.56 wpm on the
first day, 8.46 wpm on the last day and a mean of 7.01 wpm over
5 days) also compares well to similar gestural text input without
word prediction, such as a mean of 5.4 wpm after 4 days’ practice
using accelerometer sensors in hand held devices [17], a mean of
6.5 wpm over 2 weeks with a data glove and fiducial trackers
[25], and a mean of 5.18 wpm with a text entry method combing
speech and gesture [13]. The performance of Dual-circle/
Expand&Reach is also much better than the 1.83 wpm text entry
speed reported with the default Xbox gestural text input [13]. On
the other hand, the performance of Dual-circle/Expand&Reach
achieved in our study still cannot compete with some text entry
methods enabled by more accurate tracking devices or input
models, such as a Qwerty virtual keyboard and handheld devices
(18.9 wpm) [34], or text entry using gaze (nearly 20 wpm) [23].

For the dual-circle layout, it is possible to reduce the dwell time to
any value. For example, the dwell time could be reduced even to
zero, and in this extreme case, the Dual-circle/Timeout method
will be equivalent to the Dual-circle/Reach method, leading to
faster typing speed but more errors. With the Qwerty layout,
however, the dwell time cannot be reduced so much. This is
because users must move their hands over other characters to
select the desired character in the Qwerty layout, thus a very small
dwell time would trigger the undesired selection easily and lead to
a huge increase in errors.

6.4 Design Suggestions
Interestingly, previous work using hand held devices for text input
showed that the Qwerty layout was faster and had fewer errors
compared to a circle layout when the users were about 2.5 m away
from the display [34]. In our study, on the other hand, the results
suggested exactly the opposite. Such differences are largely due
to differences in user behavior with different input methods.
Moving the bare hand and arm freely in the air is different from
holding and moving a mouse on the desktop, tapping the thumb
on a mobile phone, or multi-touch movements with the fingers on
a touch sensitive surface. For example, in [34], the desired
character is selected by pointing and pressing a button using a Wii

In a previous study using eye gaze for text entry, Majaranta et al.
[23] showed that adjustable dwell time could improve text entry
performance with a Qwerty layout keyboard, and this could also
be the case for freehand text entry. However, in their experiment,
participants used a 282 ms dwell time in the last session [23],
which may be too short for a Qwerty layout with freehand
gestural input. Further investigations of optimal dwell times for
freehand interaction could form part of future work.
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[4] X. Bi, B. A. Smith, and S. Zhai. Quasi-qwerty soft keyboard
optimization. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems, CHI '10, 283--286,
2010. ACM.

remote, however, in freehand gestural interaction button pressing
is not available and so must be replaced by other techniques, such
as Timeout, Reach, and Expand&Reach.
From the findings of our study, some design guidelines emerge
for freehand interaction.

[5] J. Bobeth, S. Schmehl, E. Kruijff, S. Deutsch, and M.
Tscheligi. Evaluating performance and acceptance of older
adults using freehand gestures for tv menu control. In
Proceedings of the 10th European Conference on Interactive
TV and Video, EuroiTV '12, 35--44, 2012. ACM.

(1) Although the hand can move freely in 3D space, and hand
motion in the Z dimension could be used as a gesture delimiter or
trigger [32], frequent movements in the Z dimension are not
recommended for freehand gestural interaction. This is not only
because the hand moves more slowly forward and backward [11],
and actions in the Z dimension can be error-prone [32], but also
because frequent movements in the Z dimension can increase the
hand movement distance and corresponding physical demands, as
shown in this study.

[6] S. J. Castellucci and I. S. MacKenzie. Gathering text entry
metrics on android devices. In CHI '11 Extended Abstracts
on Human Factors in Computing Systems, CHI EA '11,
1507--1512, 2011. ACM.
[7] D. Chatterjee, A. Sinha, A. Pal, and A. Basu. An iterative
methodolgy to improve TV onscreen keyboard layout design
through evaluation of user studies. Advances in Computing,
2(5):81-91, 2012.

(2) The circle layout is useful for interface design with freehand
gesture. In the circle layout, all items have one side facing to the
center and, therefore, can be reached directly without moving the
hands over other objects. And the large blank area in the center
can allow users to relax their hands without worrying about
triggering undesired actions, thus potentially reducing arm
fatigue.

[8] M. D. Dunlop, N. Durga, S. Motaparti, P. Dona, and V.
Medapuram. Qwerth: an optimized semi-ambiguous
keyboard design. In Proceedings of the 14th International
Conference on Human-Computer Interaction with Mobile
devices and Services, MobileHCI '12, 23--28, 2012. ACM.

(3) Combing the expanding target and reach selection techniques
is useful for freehand interaction, especially for hand motion
tracking by inexpensive sensors with low resolution. When used
with the reach technique, the target can expand not only in virtual
space but also in motor space. Thus, using the expanding target
and reach techniques together addresses the limitation that targets
can expand only in virtual space [24], and it is also well suited to
freehand interaction techniques due to its error tolerance.

[9] G. Geleijnse, D. Aliakseyeu, and E. Sarroukh. Comparing
text entry methods for interactive television applications. In
Proceedings of the 7th European Conference on Interactive
TV and Video, EuroiTV '09, 145--148, 2009. ACM.
[11] T. Grossman and R. Balakrishnan. Pointing at trivariate
targets in 3d environments. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems, CHI
'04, 447--454, 2004. ACM.

7. CONCLUSIONS
Freehand gesture is a promising interaction technique for
interactive TV. The work presented here reports an initial
investigation of the design and evaluation of potential text entry
methods. The designs proposed in this paper, such as the circle
layout, expanding target and the reach selection technique, are not
entirely new individually. But their combination and their use
with freehand gesture have never previously been explored. This
novel combination of layouts familiar to Qwerty users and
selection techniques designed specifically for freehand gestural
text input are well suited to the intended interactive TV context,
and we have demonstrated the effectiveness of this combination.
Future work includes integration of word-level functions such as
word prediction and completion, as well as evaluation of
emerging more advanced tracking sensors.

[12] F. Guimbretiére and T. Winograd. Flowmenu: combining
command, text, and data entry. In Proceedings of the 13rd
Annual ACM Symposium on User Interface Software and
Technology, UIST '00, 213--216.
[13] L. Hoste, B. Dumas, and B. Signer. Speeg: a multimodal
speech- and gesture-based text input solution. In Proceedings
of the International Working Conference on Advanced Visual
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[14] A. Iatrino and S. Modeo. Text editing in digital terrestrial
television: a comparison of three interfaces. In Proceedings
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[15] P. Isokoski and R. Raisamo. Quikwriting as a multi-device
text entry method. In Proceedings of the Third Nordic
Conference on Human-Computer Interaction, NordiCHI '04,
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dynamics, such as new users entering or leaving the room are not
considered either. As watching TV is often a group experience,
this lack impedes service and content providers to introduce
personalisation and tailored content recommendations in a Hybrid
Broadcast Internet environment.

ABSTRACT
Social TV has been an active area of research for more than a
decade now, but most research has focused on interaction between
remote participants, either through direct communication or more
indirect e.g. in the form of social recommendations. However, an
issue that has been mostly neglected in social TV research is how
to deal with multiple co-located users in the home. This workshop
addresses that gap by investigating possible social TV services for
multiple users in the home. The objective is to bring together
researchers and practitioners working on different aspects of
multi-user services for social television including multiple
devices:
user
research,
prototype
design,
technical
implementation, system scalability, business models, etc.

Several systems for multi-user interaction are currently being
developed in the world of gaming, such as the Nintendo Wii [2]
and the multimodal interface of the Microsoft Xbox Kinect [1].
These developments are not yet taken up in interactive television
applications: there is no identification of individual users, nor is
there personalisation of services based on such identification or
context awareness.
Currently, the media industry is developing technologies for
advanced personalised media services, like personalised channels,
personal service composition, targeted advertising, presence and
content recommendations [3]. An analysis of these use cases
showed all of them assume personalisation aimed at a single
individual user [4]. In research however, the multi-user context is
being explored somewhat more. An example is an EPG
implementation that featured multi-user policies and showed the
combined channel-order preferences of users detected with RFID
cards, with the most preferred channel by the group showing on
top [5].

Categories and Subject Descriptors
H.5.1 [Information Interfaces and Presentation]: Multimedia
Information Systems, J.7 [Computers in Other Systems]:
Consumer Products, H.4.3 [Information Systems Applications]:
Communications Applications

General Terms
Measurement, Design, Economics, Experimentation, Human
Factors, Standardization, Theory, Legal Aspects, Verification.

Keywords

The most widely used approaches to content recommendations for
single users are content based and collaborative filtering
approaches, as well as combinations of these two. Hybrid
recommender systems often combine collaborative and content
based filtering to take advantage of the benefits of both
techniques [6]. In the area of content recommendations for
multiple users, the recommender system proposed by Shin & Woo
generates recommendations for users by merging user profiles and
combining their common interests [7]. More research is needed
into the best solutions for multi-user recommendations.

Interactive Television, IPTV, Social TV, Multi-User Services

1. INTRODUCTION
The world of consumer devices has undergone drastic
changes in the last couple of years, which has also had an impact
on the interactive television landscape. While some research is
already taking this multi-device context into account, little
research has actually addressed the multiple user context.
Currently, personalisation and recommendation algorithms do not
work across devices and do not support a group of users. Group

Finally, the inclusion of so many varied services into the social
TV space requires clever and scalable division of work between
parts of the service implemented on the end-devices and parts
implemented in the cloud.

Copyright is held by the author/owner(s).
EuroITV’13, June 24–26, 2013, Como, Italy.
ACM 978-1-4503-1951-5/13/06.

109

resource management in wireless ad-hoc networks. Currently he
is working at the University of Applied Sciences as a research
assistant on multi-device video/audio synchronization solutions
within the HBB-NEXT framework project. Christian’s research
has a strong focus on innovative cross-layer systems in distributed
network technologies, incorporating a global view on all involved
network assets.

2. WORKSHOP TOPICS
The MUSST2013 workshop invites both researchers and
practitioners from diverse backgrounds (user research, technical,
business, ...) that work in the area of social and/or personalized
interactive television services to submit position papers that
address the following topics:
x

Social TV applications supporting multiple co-located users

x

Multi-user interaction with the TV using the remote control,
second-screen devices, gestures or voice control

x

Personalization and recommendation
households and groups

x

Identification of multiple users in the living room (e.g. with
voice or face recognition)

x

System scalability for offering multi-user services to a large
audience

x

Division of these services between end devices and the cloud

for

Bettina Heidkamp-Tchegloff coordinates multimedia research and
development in EC and internal projects for RBB’s Department of
Production & Operation. She is currently Consortium Leader of
HBB-NEXT and monitors RBB’s activities in the EC co-funded
projects 3D Vivant, Linked TV, FI-CONTENT. To date she has
led eight EC projects in the area of ICT. Bettina HeidkampTchegloff holds a master’s degree in Media Studies, English and
Modern History from Freie Universität Berlin. On completion of
her professional journalistic training, she worked in
journalism/PR and project management for a number of broadcast
related EC co-funded projects before she joined ORB, RBB’s
predecessor.

multi-user

We will invite the authors of the best papers of the workshop to
extend their paper and submit it to a special section in the Elsevier
Entertainment Computing Journal.
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Abstract. Recently, research on recommender systems has been focusing more on
user experience and group recommender systems. In this paper, we aim to contribute to
the state-of-the-art by bringing these recommender systems closer how they are used in
practice. Therefore, we have identified relevant factors in literature concerning group
recommendations, and aim to evaluate these qualitatively, in addition to the traditional
quantitative approach. Furthermore, we investigate the relation between program
genres for group viewing, and explore contextual issues influencing how people decide
what to watch together at the time and place of that decision. Our results should allow
us to construct a framework for the validation of group recommender systems from a
user perspective.
Keywords: Group recommendations; context; interactive TV; user studies

1

Introduction

Recommender systems help people choose interesting content from a large amount of
content. Two of the most well-known examples are Amazon and Netflix [9]. The
algorithms behind these recommender systems improve continuously. Whereas initially evaluations of recommender systems focused mostly on accuracy – where the
predicted rating for an item is compared to the actual rating, now the focus is gradually shifting toward making these systems more user-friendly [13], providing a better
user experience [8][14], making these systems more context-aware [9], and providing
recommendations to groups of people [3]. The latter is essential given the rising popularity of social networks, and the fact that TV still remains a social medium. The difficulty in creating group recommenders is that members in a group have different
tastes, different characteristics in general. Therefore, some kind compromise has to be
made.
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2

Related Work

An important study on group recommendations was conducted by Masthoff [12]. This
research focused on the different possible strategies groups could follow when making a joint decision: Average Strategy, the Average Without Misery Strategy and the
Least Misery Strategy. Another study followed in which Masthoff and Gatt investigated the impact emotional contagion, social conformity, type of relationship, and
privacy on the decision making process in groups [13]. In a state-of-the-art on group
recommenders, Boratto and Carte stress the importance of differences between group
members, and propose four different notions of a group: an established group, an
occasional group, a random group, and an automatically identified group [3]. AmerYahia et al. investigated group recommendations with respect to both item relevance
and disagreement between group members, and found that incorporating these disagreements is essential for group recommender systems [1]. Gartrell et al. noted that
group recommenders should take into account group dynamics and the diversity of
the group members [6]. They evaluated a system with a consensus function, which
incorporated the social relationship strength, the relative expertise, and the dissimilarity of the group members. Quijano-Sanchez et al. investigated the influence of
personality with respect to how people resolve conflicts, and incorporated ten social
trust factors that can be derived from people’s social networks [16]. Furthermore, they
implemented a memory function that takes into account previous group decisions.
The related work described above has its origin in the field of recommender systems, which entails mostly quantitative studies. Although these works refer to relevant
theories in psychology and social science, we believe that more interaction is needed
with user-oriented studies that investigate how people watch TV in everyday life [10],
and how they decide what to watch together [11][16].
With our contribution we want to improve the state-of-the-art on a number of
points. Firstly, [12] and [13] employ an indirect way of evaluating group recommenders: participants judge the possible strategies of other people in fictional situations. In
[13] they note in the discussion that “users are not very good at grasping the implications of the strategies”. We therefore believe that group recommender systems should
be evaluated directly.
The second point is a methodological one. Many, if not most, studies on recommender systems are quantitative in nature, employing controlled experiments [9].
Separately, other, qualitative studies have focused on people’s TV-related practices
and experiences in the context of the home TV, in the context of everyday life
[10][11]. We believe that researchers need to integrate results from controlled experiments in a lab environment with insights from studies in situ that investigate how
people use recommenders systems in everyday life [2]. For example, in [3] group
discussions were held, but only the resulting group ratings were used; the group discussions were not analyzed further in a qualitative way. In this work we will analyze
the qualitative results extensively and these to the quantitative results. In addition,
multiple studies, using different methods can augment each other. As such, we have
conducted a three-week diary study on video use in 12 households [18]. In previous
work we already investigated how people decide what to watch together by making
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use of paper prototyping [19]. Currently, we are preparing the work described in this
paper. Finally, we will set up a field study in the fall in order to study the user experience in situ.
Finally, Geerts et al. illustrated the implications of program genres for the design
of social television systems [7]. Certain program genres are more suitable for social
interaction. We want to evaluate what program genres people choose when they want
to watch together, and compare this to the genres they watch individually. The difference with [7] is that they investigated remote Social TV applications, whereas we
study collocated interaction.

Fig. 1. The group recommender prototype for this evaluation.

3

Methodology

Our study will take place in June. Therefore, we will describe the experimental setup.
At the workshop we will be able to present the results. The goal of our study is to
establish whether or not genre plays a role in how people decide what to watch together. Instead of merely relying on taste differences between the group members, we
believe the social experience of watching a movie together should be taken into account. In the controlled experiment we aim to establish the role of genre in the group
decision process; in the subsequent group discussion we aim to identify contextual
factors influencing the group decision, and what kind of social experiences people are
looking for when watching a movie.
3.1

Preparation

We aim to recruit 20 groups of three people in sessions of an hour. At this stage we
will ask participants to rate sufficient programs in order to generate individual recommendation profiles. Furthermore, we will provide questionnaires to establish the
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type of social relationship [4], personalities with respect to conflict resolution [17],
emotional contagion [3], expertise [8], trust in other members’ expertise [13], and
privacy [13]. For privacy, each participant will provide a privacy rating between 0 and
100 for each item rating, with 100 meaning complete disclosure (within the participating group) and 0 meaning complete privacy (within the participating group).
3.2

Procedure

Participants will be briefed on arrival on the procedure of the experiment. In the usability lab participants will be able to use the group recommender system. They will be
asked to decide on a program that they would like to watch together at that moment.
Then, they will fill in a questionnaire individually that contains the following user
experience constructs [8][14]: perceived usefulness, overall satisfaction, confidence,
trust, use intensions, purchase intention, perceived system effectiveness, choice difficulty, and choice satisfaction. For this program they will then be asked to provide a
(group) rating: “How satisfied are you (the group) about this recommendation?” on a
scale of ten. This will be followed by a group discussion on why this item was chosen, and on differences between participants’ opinions. Then, we will also ask them to
provide a group rating on the remaining eight items, and discuss the motivation behind these ratings. In order to identify the contextual issues surrounding the group
decision we will inquire into why they chose these items, what kind of experiences
they are looking for in this group, what elements play a role in the decision, what they
expect from the selected movie.
3.3

Analysis

First, we will establish to what extent the following factors influence the actual group
rating: difference in taste, personality in conflict resolution, and type of social relationship, emotional contagion, genre, expertise, trust in other people’s expertise, and
privacy. Then, we will perform a qualitative analysis on the group discussion following the group decision, in order to identify possible contextual factors surrounding the
decision, and the social experience of watching a movie together. Finally, we will
triangulate the qualitative results and the quantitative results relating to the social
factors.

4

Conclusion and Future Work

In this paper we presented an approach for evaluating group recommender systems
from a user perspective, which incorporates a number of relevant social factors influencing group decisions. This will allow us to compare the predicted group ratings
with the actual group ratings. We will analyze the possible influence of factors such
as conflict personality, type of social relationship, expertise, trust in other people’s
expertise, difference in taste, emotional contagion, and privacy. Furthermore, we hope
find explanations of the quantitative findings in the qualitative findings. The results
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will allow us to start constructing a framework for the user evaluation of group recommender systems.
In future work, we will use this study as a basis for an evaluation framework for
group recommendation systems. In the fall, user evaluations in the field are planned,
in which we can apply a refined version of the framework. This will provide more
realistic results since the evaluation takes place in situ.
Acknowledgements. The research leading to these results was carried out in the EU
HBB-NEXT project and has received funding from the EC Seventh Framework Programme (FP7/2007-2013) under Grant Agreement n°287848.
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Abstract. With the dramatic growth of mobile devices and the increasing popularity of social networks, we have seen a clear trend being happening in the media area — users are explosively generating high quality
media content and expect to consume them across multiple devices anytime from anywhere in a socialized, personalized, and interactive mean.
Enabling such rich media consumption requires heavy media processing,
huge storage capacity, real-time content adaptation, and cross-device
synchronization. However, the traditional set-top-box based smart TV
systems are no longer suitable to meet those requirements due to their
limited capability and poor support to multi-device. In this paper, we
explore how to leverage the power of cloud infrastructure to build a
ﬂexible, scalable, and economical media processing platform as a service
in the cloud for supporting next generation IP-based TV applications.
We present the architecture overview of our media cloud system, called
MediaPaaS, and further discuss its major design issues and use cases.
Keywords: cloud infrastructure, cloud set-top box, live media processing, content adaptation, dynamic pipeline, resource allocation

1

Introduction

The world of digital media and entertainment has been transformed with the advent of Internet capable mobile devices such as smart-phones and tablets. Media
content is socialized; people are now accessing TV-related media content often
through Internet capable mobile devices, rather than through the conventional
TV and set-top-box. However, content providers are unable to keep up with the
fast-changing mobile device technology. This is resulting in a lost revenue opportunity for content providers. Clearly, there is an urgent need to bring digital
media to the mobile Internet age.
The availability of multiple screens in homes via devices such as TVs, personal
computers, tablet PCs and smart phones oﬀers the possibility of providing content across these devices. In the process of spreading media content from content
producers to consumers, lots of media processing will be involved, such as encoding/decoding the content with proper codecs and multiplexing/de-multiplexing
audio and video content with their timestamps. Thanks to the technology of
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cloud computing [1], we are able to build a large scale media processing platform on top of the elastic cloud infrastructure [2] [] [3] [4] [5] [6]. However,
enabling such a scalable media processing platform as a service in the cloud
with easy-to-use functionalities and well-deﬁned interfaces in an eﬃcient and
proﬁtable way still remains a big challenge in both academia and industry.
In this paper we present a cloud-based media processing platform, namely
MediaPaaS, which allows media application developers to utilize cloud infrastructure to provide media services adapted to multiple devices. With MediaPaaS,
media application developers can quickly launch their services across multiple
devices to support a large number of users from the beginning, without having a
big initial investment to start their own business. The main idea of MediaPaaS
is to move most of media-related processing from end user devices into the cloud
so that media services can be accessed by users on any device from anywhere.
Moreover, it takes advantage of the two-way interactivity of the Internet to oﬀer
interactive value-added media applications e.g., online polls, games, e-commerce,
and online social networks, on mobile devices along with TV.

2

Media Processing Platform as a Service in The Cloud

MediaPaaS is built on top of the cloud infrastructure platforms. This gives MediaPaaS elastic computing and storage capabilities. On the media production
side, cloud-based media servers can provide sophisticated media processing capabilities. On the consumption side, the set-top-box functionality can be reproduced in the cloud, along with the added advantage of sharing computation and
processing between identical users’ requests and reducing the per-user computational overhead. The provisioning of cloud resources can be closely tied to user
demands, thereby reducing the operating expenses of the MediaPaaS platform.
More importantly, many of the common processing tasks can be shared in the
cloud.
In the following sections, we ﬁrst describe the architecture of our MediaPaaS
system and then discuss its major design issues, including how to compose dynamic media pipelines in the cloud, how to eﬃciently allocate cloud resource
for media pipelines, and how to design its interfaces for supporting more media
applications in a generic way.
2.1

System Architecture

In MediaPaaS, the following two important concepts are introduced to describe
media processing in the cloud.
Media Task: A media task performs an operation on media content. For instance, in order to deliver adaptive video content to diﬀerent browsers or user
devices, media content needs to be encoded at proper codecs and resolutions.
In this case, video encoding is called a media task. Each media task type has a
certain computing proﬁle which describes when and how long it needs a computing resource, how much network bandwidth and memory are required, and
how much delay might be introduced.
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Fig. 1. Architecture Overview of MediaPaaS

Media Pipeline: A media pipeline consists of several media tasks which are
logically connected to ﬁnish a certain media processing and can be executed in
parallel or sequentially on demand. Media tasks described above can be seen as
partial media pipelines.
As shown in Figure 1, the whole MediaPaaS system consists of the following
components: content sources, media manager, pipeline manager, web front-end,
and the underlying virtual machines.
Content Sources: providing media content as a ﬁle or a stream into media
pipelines for further processing.
Virtual Machines: representing the underlying computing resources. A media
task is executed within a single virtual machine, but the tasks in the same media
pipeline can be distributed over several virtual machines.
Media Manager: being responsible for coordinating the assignment of media
tasks to virtual machines. It handles content requests from users to construct
media pipelines for speciﬁc devices.
Pipeline Manager: being responsible for matching content requests against
running pipelines to foster their reuse. The pipeline manager handles the entire
lifecycle of media processing tasks running in the cloud.
Web Front-End: delivering web pages with the media content to the user
browser. We assume that the user has a standard HTML5 capable browser,
such as Mozilla Firefox, Google Chrome, Internet Explorer, or Apple Safari. As
part of these web pages, some scripts are executed within the browser to detect
capabilities of the device and then inform the media manager to construct a
suitable media pipeline.
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MediaPaaS runs on top of OpenStack, an open source cloud platform. The
media manager is the heart of the system, which instantiates almost all the other
components of the system and controls the virtual machine usage of the underlying cloud infrastructure. The pipeline manager is the brain of the system, which
makes important decisions regarding resource allocation and distributes media
tasks across the worker instances (virtual machines). All the media tasks are
implemented based on the GStreamer framework [7] and executed in virtual
machines. For this purpose, special images with preinstalled softwares are created and stored in the IaaS cloud. These images can be booted up on demand
by the media manager. This enables the proper control of the cloud resources.
In MediaPaaS all these components communicate via message queuing, making it possible to deploy them across diﬀerent physical servers and over virtual
machines. The web front end is responsible for interacting with user browsers
or interactive media applications. It also provides the web-based interface to
launch, terminate, and monitor media pipelines in the cloud.

3

Dynamic Media Pipeline Composition

In MediaPaaS there are three types of media tasks commonly used to do media
processing: splitter, procucer, and consumer. The splitter task is a de-multiplexer
which splits the input content source into diﬀerent video/audio stream elements.
The producer task is a transcoder responsible for decoding, processing (editting),
and re-encoding the given audio or video content in a new format/codec. The
new format is chosen according to the user browser and the device capability.
The producer is the most heavy task because lots of media processing could be
involved there. The consumer task is a multiplexer which multiplexes diﬀerent
streams (one audio and one video) to a valid multimedia stream.
Using these tasks, we can dynamically composite new media pipelines according to application requirements. The MediaPaaS platform provides application
developers with tools to compose and personalize media content. In addition,
the MediaPaaS platform automatically shares common processing functionalities across users, devices, and applications, to reduce redundant processing in
the cloud.

4

Eﬃcient Resource Allocation

Eﬃcient cloud resource usage is central to make our cloud-based MediaPaaS costeﬀective for a large scale deployment. Cloud resources, such as CPU, network
bandwidth, IP addresses, storage and memory are valuable resources that need
to be appropriately provisioned to achieve the best quality of media processing.
Without a good resource allocation system in place, the whole development will
be no better than a toy because scalability is the prime ﬁgure of merit of any
cloud-based solution. Resource provisioning should closely follow the requested
usage in real-time so as to minimize idling virtual machines but still making the
cloud responsive enough for good user experience.
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In MediaPaaS, one of the primary resources that need to be controlled is the
number of virtual machines spawned by the system. They should be enough to
run all the processing tasks of the applications deployed on the media cloud, but
no more. An additional criterion here is the quality of media streams, for example
stream rate. For resource allocation, the objective is to minimize the number of
used virtual machines while still maintaining good quality of generated streams.
To solve this problem, we propose a machine learning based algorithm to predict
the computing proﬁle of each media task [8]. The prediction is based on the
proﬁle of identical or similar task from previous runs. In addtion, an adequate
spare VMs is always maintained to ensure that incoming media tasks can be
run immediately. In order to determine if a VM can still run a particular task
without becoming overloaded afterwards, we use a survival function that takes
into account the ﬂuctuation of resource utilized by all media tasks collocated at
the same VM.

5

Application Interfaces

MediaPaaS is designed as a platform. Therefore it must provide rich interfaces
for building media-rich applications. Based on the underlying media pipeline
engine, MediaPaaS has great potential to support a wide range of media services/applications. In MediaPaaS we design the following abstracted interfaces
to integrate with media applications at diﬀerent layers.
5.1

Processing Layer

The capability of MediaPaaS can be extended by importing more customized media tasks so that developers can reuse the media tasks provided by our platform
for their own purposes. The underlying media pipeline engine is responsible for
eﬃciently executing those tasks and pipelines on the cloud in a scalable way. At
this task-based processing layer, media applications are able to deﬁne diﬀerent
tasks to construct their own media pipelines for processing their own content,
for example, creating dedicated media pipelines to do real-time transcoding for
high deﬁnition content, oﬀering adaptive live streaming or on-demand streaming for diﬀerent user devices, using a special task to generate watermarking for
protecting video content, and executing real-time audio-to-text converting.
5.2

Interactive Layer

At the higher layer, an overlay based abstraction is designed for MediaPaaS to
communicate with media applications. In many user scenarios, media content
need to be interactive and personalized, for example, video advertisement or
personalized calendar presented on your TV screen with your favorite channel.
In these cases, the output of media applications have to be changed according
to user interactions and proﬁles. Instead of composing a new pipeline, media
applications can import an application overlay into an existing pipeline to deliver
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the personalized and interactive content so that the entire pipeline can be shared,
if this is desired by the application.

6

Use Cases

There are many types of media applications that can be easily supported by
MediaPaaS, such as enabling dynamic video ads insertion and providing adaptive streaming to multiple devices. We are currently developing some application
demos to demonstrate the capabilities of MediaPaaS. An application example
working at the processing layer is to enable inter-media synchronization in the
cloud so that we can have the picture-in-picture video showing sign-language related to the news show. Another application example working at the interactive
layer is the social voting application that allows voting of the content by providing a voting menu (Like/Dislike) as an overlay over the video by the browser on
the device. This menu is clickable and clicks (votes) are transferred to the voting
application. The voting result itself is encoded into the video stream which is the
same for everybody using the voting application together with a speciﬁc media
content.

7

Conclusion

Social TVs require a novel solution to address the challenges of providing media content to multiple devices at any location. In this paper we present a
cloud-based media processing platform for enabling interactive media applications across multiple users/devices. The core concept of MediaPaaS is to oﬄoad
media processing from devices to the cloud so that many heavy media processing
can be reused and shared across users and devices in the cloud. and also we are
able to provide adaptive media content from the cloud to all diﬀerent kinds of
connected devices. We have implemented MediaPaaS based on OpenStack, an
open source cloud platform. The whole system can be deployed on public cloud
like EC2 [9].
There are still lots of open questions and challenges in MediaPaaS. For example, how to deﬁne the generic APIs between MediaPaaS and media applications
both at task layer and at overlay layer? At the moment, our resource allocation
algorithm does not take into account network locality and heterogeneous virtual
machines in the cloud. This is particularly important for videos requiring a lot
of processing power, such as the ones with high resolution (e.g. 4K/Ultra HD).
We need to investigate how the performance could be aﬀected by them and
how to improve our resource allocation algorithm by using multi-dimensional
optimization.
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Abstract. This paper proposes a novel business model to support media content
personalisation: an agent-based business-to-business (B2B) brokerage platform
for media content producer and distributor businesses. Distributors aim to provide viewers with a personalised content experience and producers wish to ensure that their media objects are watched by as many targeted viewers as possible. In this scenario viewers and media objects (main programmes and candidate objects for insertion) have profiles and, in the case of main programme objects, are annotated with placeholders representing personalisation opportunities, i.e., locations for insertion of personalised media objects. The MultiMedia
Brokerage (MMB) platform is a multiagent multilayered brokerage composed
by agents that act as sellers and buyers of viewer stream timeslots and/or media
objects on behalf of the registered businesses. These agents engage in negotiations to select the media objects that best match the current programme and
viewer profiles.
Keywords: Media Content Personalisation; B2B brokerage.
ACM Classification Keywords: H.5.1. Multimedia Information systems;
I.2.11 Distributed Artificial Intelligence: Multiagent Systems; K4.4. Electronic
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1

Introduction

Near real time media content personalisation is a major challenge of the media world.
In this paper, this challenge is addressed from the business model perspective, i.e., by
proposing an agent-based B2B brokerage model for personalisation. The brokerage
platform seeks media objects for near real time integration into viewer personalised
streams on behalf of media content producers and distributors – see Fig. 1.
A methodology for personalised interactive broadcast video is proposed in [1],
where playout source streams are personalized with objects (selected in accordance
with viewer profiles) inserted into the stream. Furthermore, end-viewers may interact
with the inserted objects (or objects already existing in the original source video) and
may interactively participate with other viewers in a “closed group”. A typical scenario would be personalized (targeted) product placement, where products are se-
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lected based on individual viewer’s profile and/or by agencies bidding to have their
clients’ products inserted into a specific user’s stream. Other scenarios include interactive personalised quiz shows or educational programmes and personalised interactive documentaries.

Fig. 1. Content personalisation.

The ultimate goal is to create a virtual brokerage agency for media content businesses that includes, among other features, contract establishment, provider and content selection and contract enactment. This paper is focussed on the media content
personalisation platform, i.e., the dynamic selector of media content.
1.1

Programme Annotation

In programme production, video content is authored to allow the insertion of objects
at specific points called placeholders to identify existing personalisation opportunities. Objects must match a range of descriptions relevant to the requirements of the
production. This is achieved using metadata to match the source video, the viewer
profile and the potential objects for selection. The source video is produced using
object based techniques [2]. Using a BInary Format for Scenes (BIFS)-type scene
graph (or similar techniques) [3], the production can specify placeholders for future
object placement, i.e. the types of objects required or disallowed. This way, editorial
integrity is maintained to prevent unsuitable objects being utilised in future place-
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ments (e.g. to maintain the integrity of plot-lines). The creation of this metadata is out
of the scope of the platform.
The source video and objects are transmitted to the end-viewer along with an updated scene graph which correlates the source content with the inserted personalization content. Using these elements, the reception platform (set-top box or similar)
integrates and renders the personalized video for the viewer. The objects are transmitted via Web irrespective of the main distribution format, supporting all current distribution formats with minimal change to the architecture. The resulting solution is similar to a Hybrid Broadcast Broadband TV (HbbTV) architecture.
Object selection is based on the user profile derived from interaction history, social
network usage, context (location, device, relevance within user groups, etc.).
1.2

Profiling

Viewers are represented through profiles that are dynamically created and maintained
by matching data from social networks and user interactions to establish the viewer
interests as well as via the viewer context, allowing the selection of relevant objects.
The matching between content profiles uses several technologies (see [4]), but mainly
the viewers, programmes and media objects are represented through taxonomies. For
example, viewers and programmes are represented by a taxonomy inspired in the
BBC programme categories [5], ads use a taxonomy based on the Yellow Pages classified ads categories [6] and advertised products are additionally classified using the
United Nations Standard Products and Services Code (UNSPSC) taxonomy [7]. The
personalisation of the source content can additionally take the form of adapting the
video or audio according to viewer context, e.g. location and mobility factors. Media
adaption can also be applied on the basis of input and output devices, e.g., the use of
multi-screening, sensors for the recognition of user situations or several displays,
including the viewpoint of objects in 3D.
1.3

Brokerage

The commercial trading of objects is to be achieved through the MMB platform
where agents represent the various parties in the process. Depending on the scenario,
distributors and producers may play opposite negotiation roles. For example, in the
case of advertising transmission, distributors are sellers and producers are buyers of
timeslots, whereas, in the case of news, films or series transmission, producers are
sellers and distributors are buyers of timeslots. This process can take place in near real
time just before the playout of that section of the stream.

2

Related Projects

The term "personalisation of video" has been applied to the selection of programme
content to build personalised programme playlists, e.g., personalised electronic programme guides [1], or to the social recommendation of peer-to-peer content such as in
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the EU FP7 SARACEN project [2]. The MMB platform can work together with recommenders to get the initial set of media object candidates for each placeholder.
"Interactive television" has been applied to a range of technologies and services.
Some examples are the MiSPOT project [3], which addresses the personalisation of
advertising through semantic reasoning techniques, and the BBC red button service
[8], which was one of the first interactive TV services.
More recently, interactivity is increasingly addressed by associating mobile device
applications with programmes, i.e. "second-screen apps" for social network activity
relating to the main screen program. The EU FP7-ICT project LinkedTV [9] focuses
on integrating the TV and Web experience, allowing users to access extra information. A current approach to interactivity and supplementary content is via the hybrid
approach used in HbbTV [10] in which the traditional distribution (cable, satellite,
digital terrestrial, IPTV) is supplemented with associated content delivered via the
Web to the viewer. The supplementary Web-based content is over-layered on the
screen or appears alongside the main video on the screen. A more progressive range
of services is being addressed in the EU FP7-ICT project HBB-NEXT [11]. As a dynamic content selector based on viewer and media object profiles, the MMB platform
can be used for HbbTV as well as other types of media personalization.
A similar business model for personalised interactive TV advertising was proposed
by the iMEDIA project [12]. The MMB business model has identical players and
goals, but relies on diverse approaches (social viewer profiling or agent-based negotiation), technologies (ontologies, business process modelling and Web services) and
is applicable to any type of media content (advertising, product placement, etc.).

3

Brokerage Platform

The MMB platform is a multiagent system composed of three layers: interface, enterprise and market. Each layer includes a layer manager agent, which is responsible for
the creation and elimination of all agents within the layer, and producer and distributor related agents. The MMB platform is a multiagent system composed of three layers: interface, enterprise and market. Each layer includes a layer manager agent,
which is responsible for the creation and elimination of all agents within the layer,
and producer and distributor related agents. Fig. 2 displays the platform architecture.
The interface layer holds dedicated interface agents for all registered businesses,
i.e., for each producer and distributor business. An interface agent allows the interaction between a real business and the platform.
The enterprise layer has an enterprise agent, i.e., a producer or distributor enterprise agent, for each business registered at the platform. The enterprise agents model
the businesses within the platform and receive and report data via the corresponding
interface layer agent. The enterprise agents are coarse self motivated autonomous
agents that are eager to trade viewer stream timeslots and media objects. Whenever a
transaction opportunity is sensed, the involved distributor and producer agents launch
dedicated delegate agents in the market layer.
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The market layer contains ephemeral enterprise delegate agents: producer and distributor delegate agents. These fine grained delegates are responsible for negotiating a
single item (trading a viewer programme timeslot for inserting a given media object).
The delegates adopt the negotiation behaviour specified by the corresponding enterprise agents and, upon completion of the timeslot negotiation, report back the negotiation results and terminate.

Fig. 2. MMB platform architecture [13].

The platform activity is supported by a Universal Description, Discovery and Integration (UDDI) Web Service (WS) registry where businesses (distributors and producers) register using the corresponding North American Industry Classification system (NAICS) code. Furthermore, businesses register as WS and classify the set of
media objects they hold using the United Nations Standard Products and Services
Code (UNSPSC) categories.
3.1

Platform Services

The platform offers external and internal WS. The external WS are exposed by the
interface layer agents for external consumption and include platform administration
and dedicated business interface services. The internal WS are mainly offered by the
enterprise layer agents and implement the interlayer communication. Additionally,
layer manager agents offer inner layer management services, e.g., layer agent instances. The external WS provide producer and distributor businesses with registration/deregistration and data upload/download operations. The internal WS implement
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the interlayer communication and are mainly offered by producer and distributor enterprise agents. The market layer manager agent allows setting the market negotiation
protocol and launching new delegate agents.
3.2

Platform Services

Enterprise distributor agents are constantly searching for personalisation opportunities, i.e., placeholders, within the programmes that the viewers are watching. Whenever a placeholder is found, the distributor generates the placeholder profile based on
the programme, placeholder and viewer data available, queries the platform UDDI
service registry for businesses (producers) with media objects that generically match
the resulting placeholder profile and invites them to negotiate the placeholder timeslot.
3.3

Candidate Objects

The invited producer agents represent content producer businesses holding one or
more media objects that generically match the placeholder profile. Each invited producer agent identifies his media object with the highest similarity ranking with the
placeholder profile and launches a producer delegate agent in the market layer to negotiate with the distributor delegate the occupation of placeholder timeslot. As a result, only the set of the best matching candidate objects, at most one per invited producer, will be negotiated.
3.4

Timeslot Negotiation

Individual timeslot negotiations regarding a viewer programme placeholder take place
between the viewer distributor and the invited producer delegate agents at the market
layer. The negotiation can include several dimensions, such as the price/s, the similarity between object and placeholder profiles or the time left to the transmission, and
use diverse negotiation protocols. Upon completion, the delegates report the outcomes
to the corresponding enterprise layer agents and terminate. This process is performed
in parallel for each viewer, programme and programme placeholder, resulting in a
collection of personalised <viewer,programme,placeholder,object> quadruplets.

4

Conclusions

The MMB platform proposes a generic business model to support media content personalisation, i.e., to search and select in near real time the media objects that best
match a given viewer and programme profiles. It accepts as inputs viewer, programme and candidate objects profiles and outputs personalised placeholder contents
for the video integration module.
The platform is, thus, a core module of any virtual media brokerage agency where
producers and distributors negotiate contracts and trade viewer stream timeslots ac-
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cordingly. Due to the adopted technologies, the platform is an open, scalable and
interoperable system.
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Abstract. The European FP7 project HBB-Next envisions a future in which
connected televisions and hybrid broadcast broadband (HbbTV) offer consumers access to large amounts of scheduled and on demand content. Companion
screens provide access to auxiliary content that may, or may not, be related to
the content presented on the main screen. The watching experience is personalised to the individual or specific group that is watching television.
Providing independent content recommendations is essential in such a future, in order to cover the full range of content sources, platform types and
group tailoring available in an HBB-Next system.
This article analyses how independent content recommendations can be provided, both in technology and business terms. Three open domain models provide views on the HBB-Next ecosystem, highlighting content-provider, platform and recommendation-provider independence. High-level technical requirements and API functionalities are derived from these domain models. The
article also discusses potential business models that could turn each of the domain models into commercial propositions.
The article includes industry feedback on the domain models from broadcasters and other players in the media industry, through dedicated feedback sessions, via an EIT ICT Labs Winterschool student group assignment and from
discussions in HbbTV standardisation.
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1

Introduction: the HBB-Next vision

Media content consumption at home has traditionally been centred around scheduled
television programs, received through broadcast. Broadcasters did and still do schedule television channels as an evening-filling sequence of programs, precisely targeted
and tailored to the intended audience of the channel [1]. The European FP7 project
HBB-Next [2] envisions a future with the following ingredients:
1. Access to extremely much content through broadcast and broadband: HbbTV [3]
2. Access to additional and auxiliary content through second/companion screens [4]
3. Personalisation of the television-watching experience tailored to the group of
watchers [6]
Recommendation services can help watchers select content. However, having
separate content recommendations for each of the many available content sources,
watching platforms (connected TV, tablets, 2nd screen) and individual watchers is
highly impractical, as it requires a lot of work by the watchers to gather and process
all the information. Therefore, the delivery of an overarching source-and-platformindependent multi-user recommendation service is essential in the HBB-Next vision.
Figure 1 illustrates a multi-user recommendation use case. The recommendation process should cover all content sources and watching platforms available to the
group of people receiving the recommendations, and the recommendations should be
personalised to that group.

Fig. 1. Illustration of a multi-user recommendation use case [6].

This article analyses the technical- and business implications of having independent
Recommendation Service Providers (RSP) in a HBB-Next ecosystem. Section 2 provides a brief introduction into content recommendations and multi-user aspects. Section 3 introduces and analyses three complementary open domain models to provide
insight in the required business relationships and the associated technical challenges.
Industry feedback was obtained from broadcasters in the media industry through a set
of dedicated feedback workshops and discussions at HbbTV standardisation. Section
4 provides the conclusions.
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2

Content recommendation technologies

Recommendation technologies are well-known from the Internet, e.g. on-line shopping and watching video clips. Recommendation technologies help consumers finding
and selecting items when there is too much choice to browse through all the items, the
well-known information overload. Two types of recommendation technologies are
mostly used [5]. Content-based filtering technologies typically use content metadata
(title, genre, actors, …) to calculate recommendations. These recommendations are
usually explained as “items similar to this are …”. Collaborative filtering uses the
ratings from others to identify users with a similar taste. It is typically explained as
“people who bought this item also bought …”.
Multi-user recommendations is a very young field of expertise that focusses
on providing personalised recommendations to groups of people. There are two basic
approaches [8]. One is the development of a group model (a “virtual user” modelling
the group) and calculation of a single recommendation list based on that model [10].
The second is to calculate recommendation lists for the individual group members and
then merge the recommendations. The “least misery” strategy is known to be most
effective for small groups [9].
As this article is not about the recommendation technologies themselves, the
reader is referred to [5] for further reading on those.

3

Open domain models for independent recommendations

Domain models (a.k.a. business-role models) are used to model interactions between
different parties in abstract terms. Figure 2 shows a closed two-domain model as
base-line. A Service Provider (SP) offers the platform (terminal, back-end), the content and the recommendations. The Consumer uses the recommendations to select the
content and to consume it through the SP platform.
Service Provider (SP)

Consumer

Fig. 2. Base-line domain model for content recommendations.

Such a closed model does not match the HBB-Next vision, as it does not enable the
Consumer to get content recommended from other content providers. Also, it does not
enable the use of other watching platforms, which is needed for second/companionscreen consumption. Finally, it limits multi-user content recommendations, as it enforces that all users should be with the same (closed) Service Provider.
The following sub-sections present and analyse open domain models on each
of these three aspects. Note that domains are written with a capital (e.g. “Consumer”)
to indicate that these are abstract business roles. For example, a single Consumer domain may house multiple users.
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3.1

Open model to achieve content-provider-independent
recommendations

When a Consumer consumes content from multiple content sources, there can no
longer be a single Service Provider for both content and recommendation services.
Figure 3 shows an open domain model for recommending content from multiple
sources.
Content
Provider (CP)
Content
ContentProvider
Provider(CP)
(CP)

Recommendations Service Provider (RSP)

Consumer

Fig. 3. Domain model for independent recommendations for content from multiple sources.

The model distinguishes three domains; Recommendations Service Provider (RSP),
Content Provider (CP) and Consumer.
• The RSP offers an independent recommendation service to Consumers. To
achieve this, it acquires content metadata on content items from multiple CPs, it
collects item ratings from consumers and presents recommendations to the Consumer.
• The CPs provide content to the Consumer and metadata to the RSP.
• The Consumer consumes content from the CPs and it gets recommendations from
the RSP.
Examples of (CP-)independent RSPs Movielens (http://movielens.umn.edu)
and TVgids.nl (http://www.tvgids.nl/). Both systems require the user to provide explicit ratings1, i.e. a consumer has to explicitly indicate how he likes specific content
items e.g. on a 1-5 point Likert scale.
A technical requirement is that the RSP knows the content sources that the
consumer has access to, in order to provide relevant recommendations. The RSP
could make assumptions on the accessible television channels and video stores based
on the user’s geographic location, derived from an IP address, but such assumption
could be incorrect, especially in a multi-device context. Alternatively, the RSP could
have a user-friendly system in which the Consumer can provide this information.
The RSP-Consumer retail business model would be either advertisementbased or subscription-based, possibly bundled with other services.
The RSP-CP business model covers the exchange of metadata from CP to
RSP. The CP could offer the metadata to the RSP for money. This is quite usual for
TV guide information. The CP could also offer the metadata for free or even pay the
RSP, if a recommendation by the RSP would have a sufficiently high advertisement
value. This would include “editorial recommendations” to CP content to which the
Consumer is not yet subscribed.
In order to validate the technical viability of this domain model, the HBBNext project is building a content recommender that is recommending content from

1

Watching-behavior-based implicit ratings, and their technical and business implications are
covered in the next section
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multiple sources. Metadata enrichment from non-copyrighted internet sources is used
to obtain sufficiently rich and consistent metadata.
Industry feedback was that TV program metadata is readily available from
metadata brokers, in several cases even enforced by law. Additional metadata is freely
available from internet sources. So this domain model seems quite viable.

3.2

Open model to achieve platform-independent
recommendations

When a Consumer consumes content through multiple platforms (main screen, companion screen), the content recommendation service should be platform independent.
Figure 4 shows an open domain model for platform independence.
ContentProvider
Provider(CP)
(CP)
Content
Platform
Provider (PP)

Recommendations Service Provider (RSP)

Consumer

Fig. 4. Domain model for independent recommendations using implicit ratings.

The model distinguishes three domains; Recommendations Service Provider (RSP),
Platform Provider (PP) and Consumer.
• The RSP offers an independent recommendation service to Consumers. To
achieve this, it runs an application on each of the platforms used by the Consumer.
• The PP would be typically the vendor of the connected TV or tablet through
which the content is consumed. The PP provides a sufficiently open platform
(e.g. HbbTV, OSGi, …) that enables the RSP to run its recommendation application. The PP may also support an app store and a trust framework to allow only
trusted apps on the terminal.
• The Consumer consumes content on its PP platform and gets recommendations
from the RSP.
A technical requirement on the platform is that the API provides access to a
player through which the Consumer consumes the content. Depending on the implementation of the API, the RSP could get access to the “content click stream” of the
Consumer to derive implicit ratings of the watched content (watched-in-full = like;
zapped-away-after-10-seconds = not-like). Of course, permission from the Consumer
is needed. Alternatively, the RSP could offer a user-friendly solution for explicit Consumer ratings, e.g. on a 1-5 Likert scale.
The RSP-PP business model would be an app-store business model, in which
the PP acts as broker between the RSP and Consumer. Collaboration with Content
Providers may be advised to integrate the recommender functionality into their media
players (e.g. BBC iPlayer [7]).
In order to validate the technical viability of this domain model, the HBBNext project is building a platform that is open to RSPs as described. A notification
frame-work and an API are being defined to get privacy-assured access to the Consumer click stream.
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Industry feedback yielded major objections against this domain model.
Providing access to user identity and user clickstream runs into major privacy issues,
like strict regulation in some countries on the use of cookies in browsers, which includes the HbbTV browser. Also highlighted was the lack of a viable business model
for the exchange of this information. For example broadcasters see no value in sharing their user information with third parties, especially if that information could be
used to recommend content by other broadcasters.

3.3

Open models for multi-user content recommendations

When watching-together Consumers (e.g. a group of friends) have different RSPs,
then an open domain model is needed to provide multi-user content recommendations. Figure 5 shows an open domain model for multi-user content recommendations
and RSP roaming.
Home RSP (H-RSP)

Home Consumer

VisitingRSP
RSP(V-RSP)
(V-RSP)
Visiting

Visiting
VisitingConsumer
Consumer

Fig. 5. Domain model for multi-user content recommendations and RSP roaming.

The model distinguishes four domains; Home Consumer, Visiting Consumer, Home
Recommendations Service Provider (H-RSP), Visiting Recommendations Service
Provider (V-RSP).
• The H-RSP offers a multi-user recommendation service to the Home Consumer.
• The V-RSP offers a multi-user recommendation service to the Visiting Consumer.
• The Home Consumer watches TV together with the Visiting Consumer
• The H-RSP and the V-RSP collaborate to provide proper multi-user content recommendations
A technical requirement is that H-RSP and V-RSP can exchange information
while preserving the privacy of their Consumers. The most practical approach would
be that each RSP calculates a recommendation list for its Consumer. The H-RSP then
aggregates these lists using one of the Masthoff algorithms [9].
The RSP-RSP business model would be similar to mobile roaming, in which
mobile operators collaborate to give their users wider service coverage.
In order to validate the technical viability of this domain model, the HBBNext project is building a content recommender that has an open API, enabling the
ex-change of recommendation lists as described above. In addition, an identitymanagement system is built to securely identify the Visiting Consumer.
Industry feedback considered this domain model highly futuristic. Whereas
the model was directly recognised by telecommunication operators, all players consider the model too complex and costly and they see hardly any added value in
providing group recommendations to include occasional visiting friends.
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4

Conclusion: independent recommendations may be feasible

This article presented and analysed three open domain models for providing independent content recommendations in the HBB-Next context. Several business roles
were identified: Consumer, Recommendation Service Provider, Content Provider,
Platform Provider, Visiting Consumer and Visiting Recommendation Service Provider. A number of business models were suggested for each of the domain models.
Technical requirements were identified to exchange metadata, to collect implicit ratings and to exchange recommendation lists, all of which are needed to
achieve the described degree of openness. HBB-Next implementation plans were
introduced which will validate the technical feasibility of the vision presented in this
article.
Once the technical feasibility has been demonstrated, further challenges will
be the stepwise market introduction of the technologies and the realisation of the presented open domain models.
Industry feedback supported the main requirement for independent content
recommendations, namely open access to content metadata, though sceptical responses were received on the more advanced features.
Further study is needed on what actual value independent content recommendations for HbbTV offer to end users, how this value can be monetised best (fee,
advertisement, cross-selling, bundling) and to find a viable business model for the
collection of implicit ratings in the HbbTV context.
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ecosystem of mobile device applications as well as applications
on the TV platform itself. This original vision of future television
is rapidly becoming the present reality. However this shift in how
TV is experienced uncovers new barriers and limitations in the
present day technologies and networks.

Categories and Subject Descriptors
E.2. [Data Storage representations]: Linked representations
H.5.1 [Multimedia information systems]
H.5.4 [Hypertext/hypermedia]

Keywords

This workshop is now supported by the new EU project
LinkedTV (started October 2011). LinkedTV considers how TV
and the Web will, in the future, become seamlessly interwoven,
independent of the content or device. Rather than switch between
“TV” and the “Web” they will co-exist, content on screen being
intuitively mashed-up together, and interaction by the user
shifting between content and data from the different sources
effortlessly. Last year's workshop focused on such mashups and
interweaving solely on the main screen of the dedicated TV
device, but both within the project and outside it in the Web and
TV community the existence of multiple screens is becoming the
new challenge to address. This is not only smartphones and
tablets, but also dedicated device controllers (WiiU, Xbox), as
well as corollary screens around the home (digital radios, fridges,
Internet alarm clocks, etc.).

Web multimedia; online media; media metadata; media
semantics; media descriptions; Linked Media; hypermedia;
hypervideo; interactive video.

INTRODUCTION
This workshop follows from the successful 1st and 2nd Workshops
on Future Television held at EuroITV 2010 and 2011 and
organized by the EU project NoTube, and last year’s 3rd
Workshop sponsored by the EU project LinkedTV
(http://www.linkedtv.eu). Previously, we have focused on how
Web-TV integration could make much more possible than simply
pasting Web content over the TV program, or giving the TV
viewer a hard-to-use Web browser on their screen. Rather:

We will explore in this 4th Future Television workshop the
research and development necessary for linking the worlds of TV
and the Web, with special emphasis on moving the integrated
Web-TV experience which is currently partially being provided
on single screens (the TV, but also the mobile) into second
screens and multiple screens, and on examining how the use of
more than one screen, combined with various interaction and
sensor possibilities (touch, gesture, speech, movement), could
contribute new ideas and more intuitive usage possibilities for the
future vision of “Linked Television”.

“The growing amount of data available on the social and
semantic Webs, APIs to access and manipulate that data,
and trends towards common identifiers and metadata
schema allow future television new opportunities to link
TV viewing with both the viewer’s personal Web
profiles on social networks, and with social activities
across the Web also from friends and similar people.”
This initial focus on Web data sharing and the social TV
experience has, interestingly, been caught up by the TV market
itself. Second screen TV experiences with Web content tie-in, or
social network integration, are being supported by an emerging
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ABSTRACT

1. INTRODUCTION

The popularity of TV worldwide and particularly in emergent
markets opened a window of opportunities for many people
working with Interactive Digital TV and related topics. New
solutions and new business approaches are supposed to rise from
this scenario, creating many new job opportunities. The main goal
of this workshop is to bring together researchers, educators, and
industry related people working in the deployment of solutions for
DTV Systems and associated Applications in emergent countries.
Along this workshop, discussion about the adopted policies,
technologies, state-of-the-art, middleware solutions, content
models, interactivity systems, and future applications in the
researchers’ countries are going to be the main action. Indeed, it is
going to be a global forum where the participants will be able to
identify common issues and exchange experiences, sharing the
adopted solutions for common known problems. The organizers
hope to keep building and maintaining a research network that
will help people working in developing countries to increase their
technical contributions in Interactive Digital TV related issues.

More than only an entertainment media, Interactive Digital
TV has been used as an efficient tool to improve people’s lives.
Digital social networks, E-government, E-bank, and many other
digital applications are been moved to the TV world and are
already accessible in many communities in Europe, USA and
Asia. In fact this movement is the proof that the information age
is a reality and it is possible to witness several actual examples of
how people's lives have been transformed by these instruments. In
fact, access to information has become easier and people work
cooperatively despite being scattered around the globe, even in
extremely remote locations. Overall, wireless communication has
revolutionized the lives and the way of working of many people
and, with the ever growing miniaturization in electronics, many
new devices have been developed and inserted in every-day life.
With the deployment of Interactive Digital Television in
emerging economies in South America like Brazil and Argentina,
in India, China, Russia, in Africa and in West Europe countries,
something alike happened. There is a growing demand for new
services, new devices and even more content to be provided, as
well as many ways of integrating these new features with existing
technologies [1]. Reports about the changes obtained after the
introduction of Digital TV in developing countries will help us to
understand its real importance and to plan how to contribute for
its future [2].Within the scope of this workshop we would like to
focus on ‘thinking outside the box’ of traditional Digital TV
platforms – we aim at contributions in the wider field of audiovisual services in emerging countries as well.

Categories and Subject Descriptors
A.0 [General]: Conference proceedings.
A.1 [Introductory and Survey]

General Terms
Documentation, Economics, Reliability, Experimentation, Human
Factors, Standardization, Languages, Theory, Legal Aspects.

Additionally to its natural potentiality for digital inclusion,
the Interactive Digital Television provides a great incentive to its
adoption, for it means a cheaper way to supply access to
technology and knowledge in emerging economies [3]. It also
provides scenarios for integrating Television with other areas of
knowledge such as smart environments and ubiquitous systems,
allowing access to services until now not easily achievable [4].
These and other related topics are the main discussion object of
this workshop. We would like to learn from developers and
scientists coming from emergent countries the adopted policies,
technologies, middleware, content models, and about the future
applications they are currently working on.

Keywords
Interactive Digital TV Systems; Digital TV Standards; New
Applications for Interactive Digital TV
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2. WORKSHOP

3. ORGANIZERS

The immediate goals of the workshop are to discuss the state
of the art of Interactive Digital TV in developing countries; to
identify new applications that may benefit the life of people living
in these countries; to define common characteristics of the
adopted technologies; to discuss middleware definitions and
interactive software development for Digital TV; to discuss
content production and new copyright policies for digital
production; to discuss policies and regulations in emergent
countries; and to identify topics of mutual interest leading to
future cooperation partnerships.

Prof. Dr.-Ing. Vicente Ferreira de Lucena Jr: is professor of
Digital Systems in the University of Amazonas in Manaus, Brazil.
He pursued his Ph.D. (Dr.-Ing.) at the University of Stuttgart in
Germany where he worked with software engineering for
automation systems. Since 2002 he has been working with
software development for interactive digital TV and convergent
systems in Brazil.
Prof. Dr. Artur Lugmayr describes himself as a creative
thinker and his scientific work is situated between art and science.
Starting from July 2009 he is full-professor for entertainment and
media production management at the Department of Business
Information Management and Logistics at the Tampere University
of Technology (TUT): EMMi – Entertainment and Media
Production Management. His vision is expressed as to create
media experiences on emerging media technology platforms.

Having the workshop goals in mind, a list of subjects that
could find resonance in the community involved was defined. The
main topics of interest include: the state of the art of interactive
digital TV in emergent economies; interactive applications for
Digital TV; educational applications; healthcare applications; T
Government and T Commerce proposals; description of the
characteristics of the adopted technologies; new middleware
definitions; interactive software development for Digital TV;
integrating semantic technologies with interactive DTV; content
production and copyright policies for digital production; and
service deployments.

Prof. Dr. Zhiwen Yu is a professor and vice dean in the
School of Computer Science at Northwestern Polytechnical
University, China. He received his B.Eng., M.Eng., and Ph.D.
degree of Engineering in computer science and technology from
Northwestern Polytechnical University. He has worked as an
Alexander Von Humboldt Fellow at Mannheim University,
Germany, and as a research fellow at Kyoto University, Japan,
and a post-doctoral researcher at Nagoya University, Japan. His
research interests cover pervasive computing, context-aware
systems, human-computer interaction, and mobile Internet.

In fact, the accepted papers will cover many of the items
listed above and they have been selected on the basis of their
relevance to the workshop and on the quality of the presented
work. In order to facilitate the discussion of the presented topics,
all selected papers were listed in the workshop web site.
Participants were able to read them in advance and were asked to
bring their notes and thoughts to the discussion table.

Dr. Arpan Pal has more than 20 years of experience in the
area of Signal Processing, Communication and Real-time
Embedded Systems. He is with Tata Consultancy Services (TCS),
where he is heading research at Innovation Lab. He is also a
member of Systems Research Council of TCS. His main
responsibility is in conceptualizing and guiding R&D in the area
of cyber-physical systems and ubiquitous computing with focus
on applying the R&D outcome in the area Intelligent
Infrastructure. His research interests include Home Infotainment,
Mobile phone and Camera based Sensing and Analytics,
Physiological Sensing, M2M communications and Internet-ofThings based Applications. He is a B.Tech and M.Tech from
Indian Institute of Technology, Kharagpur, India in Electronics
and Telecommunications.

The workshop itself was planned to have two major parts. In
the first one, authors should present their works in a 30 minutes
slot of time, this time was divided in 20 minutes for the
presentation itself and 10 minutes for particular questions about
the work presented. The second part of the workshop consists of a
round table discussion about the main subjects presented. The
discussion focus shall be about the issues faced by the participants
themselves in order to consolidate Interactive Digital TV in their
own countries. We planned also to summarize the state of this
technology in the countries represented in the workshop.
An illustrative poster containing the results of the discussions
is going to be released and presented to the other participants of
the conference in the poster section giving them the opportunity
to learn about our conclusion.
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platforms. However, while the majority of the multimedia content
is legible to human manipulation, it does not appropriately support
the performance of computational processes, such as search
engines, which are important to configure a convergence
environment.

ABSTRACT
The Knowledge as a Service metaphor is a growing technology
for the development of Web services. Its main goal is to provide
information and services with well founded semantics. The ITV
technological evolution, with resources such as the return channel,
currently enables the conception of a convergent environment
between Web and TV, which can be supported by Web services.
Therefore, services that provide knowledge on top of multimedia
content of ITV can be created. Such services can provide
semantically enriched information and also content
personalization to users, improving their experience in watching
TV. This paper presents and discusses two of these services, a
recommendation and a semantic query service, which were
developed in accordance with the Knowledge as a Service
metaphor on the Knowledge TV platform.

This kind of problem can currently be observed in the Web
platform [1]. One of the original goals of the Web was to support
the exchange of information between users, also supporting the
participation of computational processes that could assist human
users in several aspects during this communication. However,
current computational processes that run on the Web only account
for leading the information transport, so that they do not have
access to the meaning of the page content. The main reason is the
form that the information is structured, which is appropriate to the
human user manipulation rather than computational processes.
Thus, today we have a Web of documents rather than a Web of
information, where computers can only provide a limited
assistance during the access and processing of information. In this
scenario, users have to carry out several functions, such as
information interpretation.

Categories and Subject Descriptors
H.3.5 [Information Storage and Retrieval]: On-line Information
Services – data sharing, web-based services.

General Terms
Algorithms, Design.

The W3C (World Wide Web Consortium) has working
groups involved in implementing a reorganization of the Web via
a semantic perspective. Web Semantic [2] is the main W3C
resultant set of concepts and technologies for the problem
discussed above. Its aim is to enable machines to understand the
meaning of information on the Web. Some of its advantages are:
sharing and reuse of data in different applications, automatic
processing of data by computers and semantic connections
between data and real world objects.

Keywords
Interactive Digital TV, Ginga, Recommendation Systems,
Semantic Query, Web Services.

1. INTRODUCTION
Technological convergence is the trend for different
technological systems to evolve towards performing similar tasks,
which are generally able to process information from diverse
computational platforms. One of these platforms is the Interactive
Digital Television, or ITV. This new communication technology
uses a digital mode of modulation and compression to send
multimedia information to special devices (set-top-boxes), which
are consistent to such a technology. Nowadays, the ITV evolution
is supporting an increased number of multimedia applications and
services, which could take advantages of content from other

This paper presents the specification of a layer, based on the
Web Semantic concepts, which creates a multi-platform
convergence environment and supports the development of
multimedia applications on the ITV platform. Thus, the main idea
is to extend the Web Semantic vision to the ITV domain. This
approach is implemented using the principles of the Knowledge as
a Service (KaaS) paradigm [3], an evolution of the SaaS
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(Software as a Service) approach [4]. Two main advantages of
this paradigm can be stressed. First, the models used by this
paradigm are based on formal semantic representations, so that we
do not have the same problems that are found in previous services,
which are based on data [5,6,7]. Second, knowledge servers have
the capacity of accessing data of different sources, instantiating
their representations and generating knowledge to be delivered via
intelligent process such as Data Mining algorithms [8]. Two
practical examples of knowledge services are described in this
work: an ITV movies recommendation and a semantic query
service. Both services use information from Web, which is
semantically described in accordance with the Semantic Web
fundaments [9].
The remainder of this paper is organized as follows. Section
2 presents an overview of the Knowledge TV (KTV) project,
which this research is part of. Sections 3 and 4 respectively detail
the recommendation and semantic query services, discussing their
architectures and main ideas and. Section 5 presents the data
integration architecture, which provides support to any kind of
service that is going to run on the KTV platform. Section 6
summarizes the main related works, comparing their approaches
to our work. Finally, Section 7 concludes with the main remarks
and research directions.

Figure1. KTV conceptual architecture.

3. Recommendation Service
The increasing use of the interactive TV platform is closely
followed by the increasing of interactive communication
processes and audiovisual content [13]. This fact creates a
favorable environment to the development of specific applications
that explore such new technologies. This explosion of content,
and channels, creates problems to users, once they are not able to
efficiently search for a proper content to consume. In other works,
the action of find a “correct” content most of the time becomes an
inefficient process. In this scenario, Recommendation Systems
[12] appear as a potential solution to this problem.

2. Knowlegde TV Overview
The Knowledge TV (KTV) platform [10] proposes a
semantic layer, based on the Semantic Web concepts, to provide
services to the ITV platform. The KTV architecture is composed
of four layers: (i) application layer, where applications and
services are hosted; (ii) semantic layer, which provides semantic
services with structured and specific data models; (iii) middleware
layer, which accounts for creating a communication bridge
between software and hardware aspects; and (iv) hardware layer
that is composed of all physical ITV components.

3.1 Recommender Knowledge TV – RKTV
Recommendation Systems are commonly found in the Web.
However, the use of recommendation in ITV is more recent due to
some particular features of this environment [13]. For example,
the ITV environment is multiuser so that groups of individuals use
to jointly consume content. In addition, the data collection
strategy must consider the remote control as unique device for
data input. Our proposal for a recommendation system for ITV
platform considers such features. In addition, its definition also
considers the restrictions of the Ginga middleware and processing
capacity of the Set-Top-Boxes (STB).

The focus of the KTV platform is on the semantic layer.
Such layer is conceptually composed of the next entities:
•

ITV KDD environment: brings the Knowledge Discovery in
Database technology [11] to the ITV domain (Figure 1);

•

Knowledge Bases: data storages that represent the real cases,
which are modeled in accordance with a semantic model
approach. This model is specified in the semantic modeling
sub-layer;

•

Semantic Modeling Sub-layer: packages the knowledge via
formal methods and languages. Thus, its instances can
automatically be processed via computational agents;

•

Automatic Reasoning: accounts for all automatic reasoning
operations, which are carried out on the Semantic Modeling
Sub-layer;

•

The network architecture of this service is based on the
client-server model. The server module accounts for the majority
of the information processing and services, which are mainly
based on data mining techniques and Web Semantic concepts. The
client module is located at the users’ STB, inside the middleware
common core, and it is composed of three parts (Figure 2):

Services and Applications: provides the services and
applications that are based on a knowledge representation,
automatic reasoning and KDD.

The next sections discuss two examples of services, which
are based on the KTV platform: content recommendation and
semantic query services.
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•

Monitor Agent: monitors the behavior of users
regarding the content that is showed by the ITV device;

•

Provider Agent: accounts for capturing information
about ITV programming;

•

HistoryUsage: accounts for organizing and managing,
via ontology, the programming information that was
collected by the provider agent.

The monitor agent is in constant communication with the
Turner module of the Ginga Common Core [14]. This module
accounts for the channels synchronization, so that it knows when
each channel is active and when another channel is selected.

Identification of STB

Program_name

Program name identification

Channel

TV channel identification

Program_genre

Classification of the program genre

Start_time

Date and time when an user started to
watch a program

End_time

Date and time when an user finished to
watch a program

One of the main tools in the web today are search tools,
providing to users the power to find, from words or phrases, pages
in the entire web that contains the terms searched. The most
popular search engines, like Google1 and Bing2, basically use
indexing methods, storing a copy of the web pages and indexing
all the content of them, returning a list of these pages that contains
the terms queried. The searches can be differentiated in two types
[20]:

The last component of the client module is the HistoryUsage.
This component organizes information according to an ontology,
which defines the STB use profile.

Data Collector: captures data about broadcasters
programming and ITV users;

•

Mining Agent: accounts for all the process of data
mining on the data collected from the STB and
broadcasters;

•

Semantic Modeling: creates a unique description of the
multimedia content, which must be organized according
to the ontologies;

•

Navigational Search, where the user searches for a set
of words and waits to find documents that contain those
words. These words usually don’t have an explicit
meaning, neither an interpretation, to show a concept.
The user navigates in a result list, with all the pages that
contains the words searched, looking for a exactly page
that has all the words he/she searched for;

•

Inquired Search, where the user searches for a word or
phrase that means an object, and this object is what the
user wants to know about. There is no particular web
page, and the user tries to get together information about
the object from lots of web pages.

The concept of semantic queries appears to help the user getting
the information he/she wants, returning more relevant and precise
results. But the semantic query is more useful when used on
searches of Inquired Search type, because the Semantic Web is
focused on the entities and concepts of real world, making
searches about a concept richer. An example is when a user
searches for the word “Paris”, and instead of showing all the
pages that contains this word, it is identified as a city entity, and

Apart from the Client, there is the Server component, which
is composed of five modules:
•

Automated Reasoning: accounts form processing the
information that is presented in the knowledge bases,
generating content recommendations that are
appropriate to uses.

4. Semantic Queries

Table 1. Set of metadata used in our approach.
STB_id

•

The Mining Agent module applies a clustering process [17]
on the collected data. This work focuses on clustering because this
is a common task used to content recommendation [18]. However,
our goal is not to analyze and propose a new clustering algorithm,
but just to show the viability of applying this task in the ITV
environment. In this way, we have used the well-known k-means
technique, once it is one of the simple and more efficient
algorithms for clustering [19].

The Provider Agent receives information about the
interaction of users, via the Monitor Agent, and captures the
metadata via Web or SI Ginga module. In this way, one of its
main functions is to extract the metadata that is transmitted inside
the streaming of different broadcasters. According to the proposal
of our project, a minimum set of metadata must be collected via
the Provider Agent. These metadata will be used by other
modules, once they are important to semantic processes or
services, such as the recommendation service. For that end, this
proposal uses a subgroup of the metadata defined in [15,16].
Table 1 lists such metadata and respective purposes.

Purpose

Knowledge Base: stores all the knowledge that is
generated during the process as ontology instances;

The RKTV is in fact an instance of the KTV conceptual
architecture. The Data Collector module has as main function to
capture data from two main sources: content broadcasters and user
history. The data from broadcasters are related to the metadata,
which is transmitted together with the audiovisual content and
captured via the Service Information (SI) module of Ginga
middleware. The data from the user history are sent by the
UsageHistory component via return channel. All this data, which
is listed in Table 1, is received by the Data Collector and stored in
a database. This database is the main source of information to the
data mining process.

Figure 2. KTV Client module, showing its interaction with two
modules (Tuner and SI) of the Ginga Common Core

Data

•
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1

http://www.google.com

2

http://www.bing.com

with this, return more specific information, for example, “capital
of France”, or population count, historical facts, etc.

4.1 Semantic Query service architecture
The Semantic Query service is provided in the REST3 model of
web services. This model basically uses the semantic from the
combination of the URI accessed by the client with the HTTP4
request type stated in the header to access an specific resource or
method. With this, the web service becomes easier to be accessed
by any platform.

With this concept, the main goal of the Semantic Query service of
Knowledge TV project is to allow the user, through the TV’s
remote control or other devices such as a Smartphone, navigates
through information about what he/she is watching. As example,
the viewer could request more information about the movie, TV
show he/she is watching or the recommended TV shows, such as
details about actors, related shows and/or movies by actors,
directors, genres, related historical facts, related movies/TV
shows, and more. The Figure 4 shows a example using a
Smartphone or other mobile device to access the enhanced
information. For best results of these services, concepts of RDF
and OWL languages are used, as well as concepts of Linked Data
movement [http://linkeddata.org/], where a lot of datasets are
interconnected with semantic relationships, creating a cloud of
connected data, enabling knowledge retrieval.

The Figure 6 shows the architecture of the service, showing the
data flow between the modules, from the client request until the
return of the information.

The example shown in Figure 4 also demonstrates the use of the
two agents, the Provider and Monitor, specified in preview
sections. These agents will keep the server synchronized with
what that user (or the set top box) is watching, so by that, the user
can request the information any time he/she wants, and will
receive the correct enhanced information about what he/she is
watching. The Figure 5 shows another example, but now the user
requests the enhanced information directly from the TV, through a
NCL application or other way, showing the flexibility of the
semantic query service provided by the model of web services,
described in the next section.
Figure 6. Semantic Query Architecture
The first module, the RESTful API, is the receiver of all requests
from any clients through the internet. This module validates all
the incoming requests, preventing bad/malicious requests and also
avoiding errors in the following modules. The semantic query
process starts from the second module, the Local Search module.
This module will try to search in the local cache, a RDF Storage,
for the keywords provided by the client, and if it finds something,
it will return the results for the client, improving a lot the speed of
the result. If it doesn’t find anything in the RDF Storage, it will
forward the request to the Linked Data Search module. This
module will perform the query in all Linked Data services
implementing the Service Interface. That is necessary because
each service has a unique representation and/or access API, for
example, DBPedia5 uses its own ontology and a SPARQL
endpoint for external access, but the Freebase6 dataset uses its
own API and data format as responses for the queries. After that,
the Linked Data Search module will send all the results to the
CoreKTV Adapter module. In this module, the results will be
treated, removing duplicates and empty/bad results, and then
compared, reasoned and merged into a common ontology, the
CoreKTV Ontology. After that, the result is sent to the Instance
Storer module. This module will save the instance of the
CoreKTV ontology with the results treated and merged into the
RDF Storage. After that, this instance is returned to the client.

Figure 4. Semantic Query example from a Smartphone

3

Representational
State
Transfer
http://en.wikipedia.org/wiki/Representational_state_transfer

4

Figure 5. Semantic Query example from GINGA TV
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5

http://about.dbpedia.org

6

http://www.freebase.com

-

Management Systems, Jim Gray, Series Editor Morgan
Kaufmann Publishers, 2006.

5. Related Work
Other works have proposed services on TV. Aroyo [25] proposed
semantics incorporation in ITV, considering it in a Web
environment only. The work main goal is to allow distributed
applications and service personalization. Aroyo’s work on
personalization is based on Web Semantic and Knowledge
Representation concepts. On the other hand the work presented on
this paper defines an approach to recommendation based on the
Brazilian ITV environment, the SBTVD, considering the Ginga
middleware for set-top-boxes.

[12] Resnick, P. and Varian, H. R. Recommender systems.
Communications of the ACM. ACM 40(3): 56-58, 1997.
[13] Aroyo, L.; Bellekens, P.; Björkman, M.; Houben, G.;
Akkermans, P.; Kaptein, A.; SenSee Framework for
Personalized Access to TV Content. European Conference on
Interactive TV (EuroITV 2007), 156-165, 2007.
[14] Soares, L. F.; Lemos, G. Interactive Television in Brazil:
System Software and the Digital Divide. In European
Interactive TV Conference - EuroITV2007. Amsterdam,
2007.

Ávila [26] presents a system integrated to the Ginga middleware
based on data mining using association rules. However no
semantic structured is provided. On the contrary, our work
proposes the use of ontologies to structure the knowledge
discovered after a data mining clustering process.

[15] Ávila, P. M. RecommenderTV: Suporte ao
Desenvolvimento de Aplicações de Recomendação para o
Sistema Brasileiro de TV Digital. Dissertaçao de Mestrado.
Universidade Federal de São Carlos, Brasil, 2010.

6. Conclusions
This work presents two services developed on top of the
Knowledge TV [10] platform. These services are a semantic
recommendation service and a semantic query service. These
services were proposed in the knowledge-as-a-service architecture
of the Knowledge TV project and are based on Knowledge
Representation, Semantic Web and Knowledge Discovery in Data
Base concepts.

[16] Araújo, J. P. C. CoreKTV – An Infrastructure Based on
Knowledge to ITV. Master Dissertation, Federal University
of Paraiba, 2011.
[17] Ochi, L. S., Dias, C. R., Stênio, S. F.. Clusterização em
Mineração de Dados. Escola Regional de Informática Rio de
Janeiro. Espírito Santo. Mini Curso. Rio das Ostras, 2004.
[18] Kim, J., Kwon, E., Cho, Y., Kang, S. Recommendation
System of IPTV TV Program Using Ontology and K-means
Clustering. Second International Conference, UCMA 2011,
Daejeon, Korea, April 13-15, 2011. Proceedings, Part II.
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citizenship, because through the news it conveys we know what is
happening in the country and the world, have an opinion about
different issues, use information as a weapon to defend ourselves
and make the right choices, whether in the political, economic or
our rights. The great telecom revolution - the interconnection of
the world by satellite - which has in telephony, internet and
television media more current communication is one of the pillars
of globalization.

ABSTRACT
Television was not invented by a single person, but of many who
contributed to the evolution of it. She had a small motor with a
spinning disc and a neon lamp. The drawings presented by
television programs used techniques reuse of images or frames to
perform the movements made from these images. While television
has innovated digitally, his technique of reusing images lay
forgotten in time, because the computer comes up with new
techniques of animation. Thus, this paper aims to propose an
architecture framework of limited animation to develop
applications via Interactive Digital Television (iDTV). The
approach described in this paper addresses the challenges
grounded in engineering for Reuse, iDTV and Technical
Animation Limited (TAL). The final architecture proposed here
showed a reduction of at least 50% for the development of
applications that use both the middleware Ginga-J of Brazil as the
Multimedia Home Platform (MHP) of Europe.

So anyone who has seen some animation produced for television
post 1990, surely attended drawings of Hanna-Barbera studios.
This type of animation was known as Animation Limited. One of
the main features of this animation were the effects of these
drawings: the limitation of their movements and typical hardness
of your characters gave the reuse of parts of the character. This
idea of reusing parts of the character generated considerable
savings in labor, but not needed to render this characteristic
rigidity. Instead, you could take advantage of the independence of
each element and its specific role in the cycle of action to get
more flow with less work. The secret of this technique was to
think of a structure and not in frames.

Categories and Subject Descriptors
H.5.2 [Information Interfaces and Presentation (I.7)]: User
Interfaces - screen design.

Creating software for iDTV should be seen as the creation of
software reuse, because the availability of reusable software
purportedly has increased. The open source movement means that
there is a huge base of reusable code available at low cost [01].
Therefore, this paper describes a framework structure for the
iDTV to easily develop applications using images. This work was
influenced by various approaches of Reuse's Engineering [20],
IDTV [15] and Technical Animation Limited [9].

General Terms
Algorithms, Design, Experimentation, Technical Animation
Limited, Interactive TV.

Keywords
Ginga-J, JavaTV, MHP, HAVi, XletView, Framework.

The remainder of this paper is organized as follows: section 2
presents the problem and methodology adopted in this project,
besides the phases obtained during the project implementation,
Section 3 presents the results, Section 4 listed and discussed
future work. Conclusions and lines for future work are presented
in the last section.

1. INTRODUCTION
Over time the television came to be based on the discoveries and
inventions of many men and scientists. The "first" generation of
television sets was not entirely electronic. The display (TV
screen) had a small motor with a spinning disc and a neon lamp,
which worked together to give a blurry reddish-orange. The
period before 1935 is called "The mechanical television." This
type of television is not compatible with the current system of
fully electronic television and digital.

2. OUR APPROACH
The technique of reusing of images
lay forgotten in time,
however, the idea of reusing parts of the character generated a
work considerable saving . Thus, the secret of this technique was
to think of a structure and not in frames. Thus, the architecture
proposed here combines the technique of limited animation-based
software engineering [20], especially rules related to software
reuse reusing objects and functions. The development was aimed
at IDTV, based on European standard DVB-MHP [7] and Ginga-J
of Brazil [10]. The following sections describe how these

The television was not designed by a single inventor, but for many
people who worked together or alone over the years, contributed
to the evolution of television. One of the contributions are related
to television stations, they provide entertainment, fashion values
and disseminates various ways of thinking and acting, and bring
varied culture. But beyond that, television is also an instrument of
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techniques were developed and combined to achieve the proposed
framework in iDTV environment.

2.1 LIMITED ANIMATION

W³: E³ associates with E ² and has factors (images)
implementations and E ² axis function (x, y).

Architecture was modeled based on these propositions. Figure 3
shows the structure of the life cycle of limited animation reusable
and functions M1, M2, M3, M4, M5, M6, and M7:

Limited Animation is based on dividing a character into as many
as four cel levels and a dialogue system. It is especially adaptable
to the type of characters illustrated on Figure 01. The dialogue
system is often more elaborate, as seven heads up and down and
seven heads in a sideways move, all around a centered head.

Figure 1: Dividing a character.
Laughs and giggles are often animated by a laughing, evenly
spaced, up-and-down series of such heads in a stagger-timing on
the exposure sheet. A dialogue head series can be fitted to a body
cycle walking on a pan background. A bottom peg camera device
moves the pegs up and down to fit the walking action. (Note:
body action peg holes are adjusted.) Heads can fit characters in a
vehicle on a pan. This entire action bounces on the rough road
using the same device attached to the bottom peg bar. Such
mechanics are endless.

2.2 CYCLES-PLANNED ANIMATION
Referring to Figure 2, When the foot is placed on the ground in a
pan scene, it moves with the pan moves, as in those indicated on
this page below. The "pan" in this case is the movement of the
background while the character is walking in the middle of the
scene. The background art is moved a precise distance as required
by the character action. For example, the background would be
moved more slowly for a walk than for a run. Consequently, foot
contact on the background and speed of movement must be
precisely coordinated by using the methods shown at the left
below. These moves are related to a stationary centerline[9]. The
body and all the parts move in paths of action, these are the usual
patterns. The action can move in either direction. As in life, cycles
have countless variations, and you can exaggerate or subdue any
position or move.

x

E¹: interfaces with the middleware's Application
Manager to control the life cycle Xlet;

x

E²: control main application implements the main
screen and allows navigation between different
screens or Form;

x

E³: class that instantiates the images aimed at
implementing the main screen;

x

m1: Methods to identify the axis coordinate of the
function (x, y);

x

m2: loads the life cycle;

x

m3: m7 performs the function of the axis
coordinates (x, y);

x

m4: identifies events up, down, left and others;

x

m5: exclude the main screen;

x

m6 increments or decrements the function (x, y)
and implements new screen and

x

m7: loads the external image.

Figure 3: K - Life cycle framework.

2.3 INSTANTIATION OF THE FRAMEWORK
After the modeling the framework, its implementation was carried
out. For this, we used the Java language, specifically the JDK
(Java Development Kit) version 3.4.2, found for free download
[7]. Became necessary to study language features JavaTV [03]
[04] [14] [16] [17], especially resources to Object Oriented
Programming [05] [08] [19].

Figure 2: A stationary centerline.
Through these implications were elaborated propositions W ¹, W²,
W ³ and K, to develop a framework architecture, this is a generic
framework extended to create a more specific application or
subsystem [20]. Thus, E ¹, E and ³ E², are the objects of reuse and
are identified below:
x

W ¹: E¹ implements E² and has the function ƒ (x,
y);

x

W ²: E² deletes the current implementation of E²
and for a time interval increments or decrements
the function in E¹ And again and implements E²;

Therefore, we used the framework of the limited animation to
develop existing application called carnavalXlet [2] (uses the
middleware MHP). Class E ¹ is responsible for the middleware
interfaces with Application Manager, and it was implemented in
Figure 4.
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Finally, codified the class E ³, this class instantiates the images
aimed at implementing the main screen. Figure 6 shows the code
required for its implementation.

Figure 4: Source Code E¹ - canavalXlet.
Then was the class E ², this was responsible for controlling the
application's main screen, which allows navigation between
different screens or form. Figure 5 shows the code required for its
implementation.
Figure 6 Source Code E³ - carnavalXlet.
We used the emulator XletView [18] to run the applications.
Figure 7 shows the carnnavalXlet application interface . Handles
up by directional arrows control.

Figure 7: Framework of Limited Animation - CarnavalXlet.
The second application was the Nemo [11], it uses the middleware
ginga-j. Thus, the class E ¹ was responsible for interfaces with the
middleware Application Manager. Figure 8 shows the class with
the source code.

Figure 5: Source Code E² - carnavalXlet.
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Figure 9: Source Code E² - nemo.
Finally programmed to class E ³, this class instantiates the
application nemo on the main screen. Figure 10 shows the code
required for its implementation. It is interesting to note that each
middleware has its Application Programming Interface (API) is a
set of routines and standards set by software for the use of its
functionality for applications that do not wish to engage in the
implementation details of the software, but only use their services
[12].
In general, the API consists of a number of functions accessible
only by programming and enabling use software features of
traditional less conspicuous to the user.

Figure 8: Source Code E¹ - Nemo.
Figure 9 shows the class E ² Nemo application running on the
architecture framework of limited animation. This was responsible
for controlling the main application, it allows navigation between
different screens or Form.
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3. RESULTS
Figure 12 shows the figure (a) using the technique of "x" in the
applications and CarnavalXlet NEMO, where the number of
classes and methods. Observing figure (b), which shows the
applications and CarnavalXlet Nemo using the framework of
limited animation "with their respective number of classes and
methods. Figure (c) shows the comparisons between these
techniques, specifically in classes and methods, this framework
aims to demonstrate the effectiveness of the framework in relation
to the technique of "x".
Therefore figure (c) has the column subtraction class. Subtracted
3-8 (three minus eight) of the application the result was the
reduction -5 (minus five) class to the framework. So, in other
cases, the reductions became features of the framework, as well as
reducing the classes and methods, the framework provided time
savings, transparency and reuse in application development using
implementations of static images.

Figure 12: figure result.

4. FUTURE WORKS
Many considerations about the applicability of the "framework"
migrate this context, we intend to develop a system in the future
to Android platform to assist the teacher in the process of
knowledge construction. This idea is based on interdisciplinary
education, neuropsychological and expert systems. Well, that
would be a structure based on the integration of the basic
components of a knowledge-based system, along with the content
of educational psychology and teaching related to the
development of educational mobile applications specific to
language teaching Portuguese.

Figure 10: Source Code E³ - nemo.
Openginga implemented [11]. The project is free (GPL) and is
available
for
download
(including
source
code)
http://dev.openginga.net/projects/gingaj-emulator. Contributions
are welcome. Any questions, you can access the Public Software
Portal, Ginga forum to get in touch with the support team LAViD.
Figure 11 shows the result of deployment Nemo.

The educational applications require a consistent and coherent
structure. Thus, it will be necessary to integrate the basic
components of a Knowledge Based System along with the
contents of educational psychology and didactics. Thus, one can
use the platform proposed to produce these educational
applications therefore combined the methodology of teaching,
would become possible facilitators of knowledge construction.
Therefore, the context to be explored will be the Youth and Adults
(EJA), more specifically, the teaching of the Portuguese language
and grounded in cognitive learning theory, specifically the
constructivist Jean Piaget. The frame will be built on the
development environment of Android system. Expected to use the
proposed platform in a real learning environment that aims to
refute or question its efficiency.

Figure 11: Framework of Limited Animation - Nemo.
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FINAL THOUGHTS
Presented in this paper, a proposal for a framework to improve the
efficiency of applications via Digital TV. These suggestions came
up with the needs of developing dynamic applications reusable
and transparent.

[7] DVB-MHP. Digital Video Broadcasting Multimedia Home
Plataform. 2003-2006. www.mhp.org. Last access:
2013.04.08.

In this context, one prototype was tested, which improved the
structures of these applications, specifically the redundancy of
classes and methods. However, these activities enabled the
emergence of the framework of limited animation, this enables the
reduction of classes, methods and reuse. It is important to
remember that the framework is effective specifically for
applications that manipulate images.
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ABSTRACT

has become too complex to use, as every innovation built into the
TV set yields a growing number of options that can be selected for
direct access (one button) or by indirect access (button
combination). Interactive Digital TV (IDTV) claims for new and
simple human-machine interface, especially for those with a low
level of digital knowledge. Creating softwares for IDTVs must be
seen as creating software for the Web. The aspects that must be
considered are related to the interaction, usability and accessibility
as well as observation of cultural, social and educational
activities, being fundamental for digital inclusion in developing
countries [3]. Therefore, the requirements of ergonomics, usability
and accessibility must be taken into account to make interactive
programming available on IDTV most effective, efficient and
enjoyable considering population profile, evaluating the positive
and negative aspects of such a new technology [1].
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The remote control, the standard interaction device between users
and TV sets, has become a complex to use tool as every
innovation built into the TV set yields a growing number of
options that can be selected by pressing one button or a button
combination. In the new interactive Digital TV (IDTV) besides
the remote control one has the interaction device, making TV
manipulation rather difficult, especially for those with a low level
of digital knowledge. In such scenario, the iGesture emerges as a
useful and more natural way to provide user interaction with
IDTV, reducing the users’ learning curve and increasing its
usability. This paper describes a mode of interaction between the
user and IDTV through recognition of hand gestures using Hidden
Markov Model (HMM), implemented using the Adaboost tool,
based on skin tone recognition and motion detection. The hand
gestures used in the recognition algorithm were defined by
experiments with a user group and application of rules of usability
engineering. The approach described in this paper addresses the
challenges founded in the areas of usability engineering, IDTV
and computer vision. The final algorithm proposed here presented
a hit rate recognition of user hand gestures 85% higher than its
competing algorithms.

This paper describes an algorithm for gesture recognition
targeted at IDTV for easily controlling volume and changing
channels, in a user-friendly way. This work was influenced by
multiple approaches in Usability Engineering [1, 17], IDTV [17],
computer vision [13], integrating several techniques in a single
tool [9].
The remainder of this paper is organized as follows: section 2
presents the problem and the methodology adopted in this project,
besides the phases achieved during project implementation;
Section 3 lists the results obtained; Section 4 listed and discussed
the future work. Conclusions and lines for further work are
presented in the last section.

Categories and Subject Descriptors
D.5.1 [Information Interfaces and Presentation (I.7)]: Multimedia
Information Systems – video; H.5.2 [Information Interfaces and
Presentation (I.7)]: User Interfaces – screen design;

General Terms

2. OUR APPROACH

Algorithms, Design, Experimentation, Human Factors, Theory,
Interactive TV.

The algorithm proposed here combines the techniques of
designing interactive interfaces based on the rules of usability
engineering, and computer vision [13], specially the rules that are
related to the classification of gestures and digital image
processing. The development was targeted at IDTV based on the
European standard DVB-MHP [7]. The next sections describe
how these techniques were developed and combined to achieve
the recognition of hand gestures in the IDTV environment.

Keywords
JavaCV, JavaTV, MHP, HAVi, XletView, Haar, AdaBoost,
Pattern-recognition.

1. INTRODUCTION

2.1 USABILITY ENGINEERING

A simple way of making humans interacting with machines may
be the key for the success of consumer devices. Thus, Human
Computer Interaction (HCI) became an important research area
aiming to better understand the relationship between humans and
electronic devices, putting more emphasis on interface design.
Users’ feedback is fundamental as that is the key for the
acceptance of a new technology or products [1]. TV sets have
seen many recent advances recently and besides going 3D it
became a navigation interface to the Internet. The standard
interaction device between users and TV sets, the remote control,

The interactivity between user and the TV set performed through
the remote control interface should be as “natural”, simple, easy,
and as straightforward as possible. Designers must observe the
various characteristics of TV sets, from the point of view of
hardware, software and TV user attitudes, to create a useful and
pleasant interface. Thus, usability engineering is presented as a
step in the design that aims the creation of a product that can be
“understood” by users in general without having to read the
product manual for its handling and aim to create an environment
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with a “comfortable” interface, efficient and effective. The
methodology adopted to provide consistency to interfaces used by
the IDTV consist in seeking improvements based in the cataloging
of information about the user’s profile, their tasks and their
context of use. The comparative analysis seeks to observe the
different approaches adopted to address issues of the interface
design platforms already implemented [23]. This analysis allows
one to perceive the advantages and disadvantages of the
approaches used, and served as a reference to the stage of
interface coordination. The step of interface coordination checks
the consistency between the various parts of a system through an
inspection of consistency using the recommendations drawn from
the initial stages of the investigation. The output of this stage of
the project is delivered by drafting out one or more proposals for
the cases where the existing mode was not considered adequate.
Figure 1 shows a summary of the tasks of the usability
engineering methodology applied to the proposal of a new mode
of interaction with the TV set through hand gestures.
User modeling

(a)

(d)

(e)

Operation 1: Changing volume: Can be done in two ways:
the gesture (a) to increase or (b) to decrease can be run separately
or displayed the gesture (c) to display a screen with buttons for
volume and channel then execute the gesture (d) to move the
cursor (e) to perform the operation.

General Guidelines
of Interface

Operation 2: channel change: Can be performed as follows:
gesture (c), when displayed will present a screen containing the
channel and volume buttons. From this point on, the change mode
of the channels must be executed in the same way as the first
operation.

Conclusion
Recommendations
Task Analysis

After the gestures and their use were standardized,
classifiers were built in order to validate the methodology chosen.
Figure 3 displays respectively the open right hand and left hand
closed being detected.

Good practices

References

(c)

At the end of the questionnaire a text explaining in simple
language that images consume a lot of memory and processor,
asked the interviewed to make a combination of gestures
suggested in Figure 2. The questionnaire result produced the
scheme used in this study.

Modeling

Comparative
Analysis

(b)

Figure 2: (a) Increases volume, (b) Decreases volume,
(c) exchange channel, (d) Moves cursor and
(e) selects options on the IDTV.

Interface
Coordination

Figure 1: Diagram of the methodology adopted.
To develop the body language, a questionnaire was submitted to a
heterogeneous group of people, with profiles encompassing
people with experience and people with no experience in the use
of equipment with gestural interaction. The questions asked to
users regarding the use of television sets were:

Figure 3: Detection of open right hand and left hand closed
after the stages of skin detection and motion detection.
After detecting the gesture of the right hand open, their
coordinated must be passed to the mouse cursor through the Robot
class [26], belonging to the Java AWT package.

Question 1: Which gesture may represent action: Increase /
decrease volume?

2.2 INTERACTIVE DIGITAL TV

Question 2: Which gesture may represent action: change the
channel?

Middleware is a term normally used to describe a software layer
that acts as a mediator between two independent programs. Its
function is to bring independence in relation to the hardware of
applications, yielding code portability in different equipments.
This way, application developers cease to worry about the
hardware itself and existing protocols in the lower layers of the
transmission systems, focusing on interfaces for building
applications. Although there is no universal standard middleware,
three major groups define their open standards. They are the
European DVB System [7] with the MHP middleware, the North
American ATSC System [5] with the middleware DASE and the
Japanese ISDB System [6] with the middleware ARIB. The latter
served as the basis for constructing the Brazilian model called
GINGA [10]. The standard adopted in that project was the MHP,
as such model is the best consolidated in the middleware market
and have several libraries that may integrate IDTV with computer
vision applications.

Question 3: Which gesture may represent action: freely move the
cursor around the screen?
Question 4: Which gesture may represent action: select an option
to be performed?
At the end of the cataloging of the questionnaires, the
suggested gestures that received the most nominations were
cataloged in Figure 2. Some of these gestures coincided with
gestures already used in other products such as Samsung Smart
TV ES8000 LED [11] and gesture recognition control of console
Xbox, Kinect [2]. Although the Samsung Smart TV has already
been launched in the market, two problems stand out: First, the
camera recognizes the user only if positioned at a narrow angle in
front of the TV set. Second, the low “perceptual” quality of the
models with gesture recognition, in such a way that users tend to
use the remote control to perform such simple tasks.

A MHP middleware consists of a Java virtual machine that
provides the API JavaTV, who introduced the concept Xlet. The
Xlet is the application for Digital TV environment. As it comes to
embedded software could emerge many difficulties inherent to
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running on a set-top box. For this reason, emulators of the IDTV
environment, that perform the Xlet codes in the PC environment,
were built. This situation is common to all applications that are
embedded, where a series of adjustments are needed to relate the
schedule with mechanics or electronics hardware feature [27]. The
emulator best known is the XletView [20]. It is an open source
project under the GNU GPL, developed in Java to run regardless
of operating system. It simulates a Digital TV on a desktop PCbased MHP middleware.

This project used 2,000 images, acquired through an image
capture software written in Java by the first author of this paper.
The captured images (2,000) were classified using two
parameters. The first one is empirical - through experimentation
the amount of images for tree construction features. The process
started with 500 images. Classification improved with the
increasing number of images.
The second classification variation observed was with the
resolution of the images used. While the technical literature
indicates the use of images with dimensions of 640x480 pixels
obtained from a camera with 1 mega pixel resolution, this study
used images with 320x240 pixel resolution, obtained from a
camera with the maximum of 12 mega pixel resolution. This setup greatly increased the number of perceived characteristics at
each stage and the performance obtained was far superior to that
obtained with images of 640x480 pixels.

The main element in building the graphical interface is
represented by the class HScene. Such class resembles the frame
package AWT or Swing Java and is used as the main container. It
presents some limitations such as, displaying a single instance in
any time during the existence of the application. To perform the
“environment” operations TV set components HAVi (Home
Audio Video Interoperability) [14] were used. That package is
essential because there are some environmental TV set operations
that are not “achievable” with native components.

Finally, after those two steps, the vector of positive images and
the folder containing the negative images were submitted to the
algorithm that performs the training and the creation of the
cascade: the Traincascade. Such algorithm confronts the positive
images with negative ones, used as a background, and attempts to
define edges and other features [24]. This is the step that takes
more time to execute, thus it was important to monitor the
estimates that are displayed on the screen and see if the classifier
would be effective or not based on the successes and false alarm
rates at each stage. Viola-Jones algorithm indicates that it takes at
least 14 steps to start the process of recognition of some object.

2.3 COMPUTER VISION
Since the process of computer, vision involves two steps [13], the
creation of a model and the algorithm that submits images to be
compared with the model and reports if they were recognized, this
computer vision project was also performed this way.

2.3.1 CREATION OF THE GESTURE CLASSIFIER
As a model for manipulating the images, the optical mode [9] with
Viola-Jones method [18] was used, as it has the advantage of not
using physical markers.

2.3.2 USE OF CLASSIFIERS AND DIGITAL
IMAGE PROCESSING

In the first step for this method one must choose two sets of
images, the positive containing the object that want to map and
the negative, which should contain any type of other objects. After
defining the two image groups, three algorithms provided by the
OpenCV libraries [13] were used. They were, Objectmarker,
responsible for marking the objects of interest in positive images,
creating a file containing the image name and the coordinates of
the marking area. This text file will be converted to a vector via
the CreateSamples tool, which standardizes brightness, lighting,
and sizes a window for the images cropped from the group of
positive images. The default size chosen for the images of this
project is 20 by 20 pixels. The larger the number of images and
the variations in these in relation illumination, reflection,
backgrounds, scaling, rotation, etc. in this step, the more accurate
will be the classifier at the end.

A gesture recognition software was developed here, in Extensible
Markup Language (XML), with all the code needed to read the
file sorter, initializing the variables used in the detection, besides
activating the camera and manipulating the mouse cursor upon the
results obtained. This software was built to handle multiple
classifiers, requiring the use of threads to parallelize processes.
The use of threads allows the multiuser capability.
Various methods of image processing were applied to minimize
the noise level found in the images. Among those one should
emphasize:
- Morphological Transformation. Frequently used in erosion
and dilation operations.
- Smooth. It is used to reduce salt-and-pepper noise in images
scattered throughout the matrix of pixels.

Viola-Jones [18] created an object detection technique that offers
excellent competitive rates. The method was designed to detect
faces, but can be used to detect a variety of objects. The technique
relies on the use of simple Haar-like features that are evaluated
quickly with a new image representation. Based on the concept of
an “Integral Image” it generates a large set of features and uses
the AdaBoost algorithm to reduce the over-complete set and the
introduction of a degenerative tree of the boosted classifiers
providing robust and fast interferences. The detector is applied in
a scanning fashion and used on gray-scale images, the scanned
window that is applied can also be scaled, as well as the features
evaluated. Viola-Jones [18] also determined that in the
construction of the degenerative tree each stage should be
independent of the others, what allows one to make the creation of
a simple tree. When it is necessary to increase the accuracy of the
same, just add more images or more stages to the tree, however,
many works such as [16] and [8], suggest that in order to reach an
accurate classifier about 10,000 images are needed.

- Skin detector. A model of human skin color is used to decide
whether a color is skin or not. The main requirements to obtain a
skin color model are listed below:
There are many objects in the environment that have the same
color as human skin. In such cases, even a human observer cannot
determine if a particular color is obtained from a skin region or of
an object in the image without taking into account contextual
information. It is not a simple task to build a model of human skin
color that works in all lighting conditions possible therefore, a
good model of skin color must provide some sort of robustness to
changes in lighting conditions. There are several classification
algorithms, including multilayer perceptrons [19], self-organizing
maps, linear decision boundaries [22], and probabilistic-based
density estimation [22]. The choice of color space is also varied:
RGB [12] YCbCr [12], HSV [12], CIE Luv [12] Farnsworth UCS
[19], and normalized RGB [12]. The color model of human skin
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- Binarization. The reduction of color channels [12] from three
into a single channel [13] saves the amount of memory needed
and increases processing efficiency, thus it is frequently used in
real-time applications for extracting features of objects.

used in this work is the HSV because this format emphasizes
shades of skin tones. [21].
The steps of the algorithm for the detection of gestures are
described below. Steps 1-2 are for detecting human skin color,
steps 3-4 are for segmentation using edge and the skin color, step
5 is post processing.

2.4 IGESTURE
The iGesture is the result from the union of usability projects,
such as IDTV and computer vision, written using the API JavaTV
(a Xlet) that provides to the viewer interactivity with the
television environment and the programs that are being
transmitted. This application interacts with the environment
through hand gestures and makes the execution of basic tasks in
an existing remote. The interaction term used here is used to
describe the viewer’s contact with his TV set via a common or
infrared camera connected to the set-top-box, not to the content
itself, which is a product that depends on the TV station.

Step 1: Convert the image from RGB to HSV standard. Applying
a median filter (smoothing) of size 3 × 3 to soften and become the
most homogeneous possible skin colors present in the image.
Step 2: To apply a threshold of skin tones, containing a minimum
value and a maximum value for each color layer. This limit should
provide all possible types of skin tones, even if there are still some
objects in the image that are not skin. In this project, the pixels
were selected at threshold by 25-180 using the axis H.
Step 3: Apply Canny edge detector and Sobel in each of the color
channels of the input image to find the edge pixels. The two filters
are simultaneously needed because the Canny detector is suitable
for detecting strong edges between homogeneous regions, while
the Sobel detector is suitable for non-homogeneous blocks within
a region of skin color.

A scenario was constructed to demonstrate the use of the
techniques described in this paper. This scenario has as features:

x

Multiple gesture recognition.

Step 4: Remove the regions that are smaller than 1% of the
highest region or regions whose area is reduced to less than 5%
after a morphological erosion operation.

x

Use RGB-webcams of various resolutions.

x Controlling the TV set through hand gestures with fast
response time.

The application of computer vision uses component IplImage,
belonging to Image processing library (IPL), originally built in C
language. This component has been translated into the Java
language and added to the JavaCV package. It is responsible for
receiving and displaying the images obtained from the webcam in
a frame. This component is incompatible with the components of
AWT, Swing, HAVi and JavaTV that deal with image on desktop
environment and iDTV. For this reason, the technique used here
to display the images acquired by this component in the
environment of the MHP was divided into three steps:

Step 5: rewrite the result of these algorithms in the original image
by removing objects that do not fit the pattern.
- Motion detector. The technique used in this project was to
make a background subtraction, which is a method of removing
pixels that are static, as follows:
• Capture two frames;
• Compare the colors of the corresponding pixels in each frame;
• If the color is the same, replace it by the black color,
otherwise, keep it unchanged;
Due the speed of such method in relation to use of any classifier,
the motion detection technique was also used to activate the
gesture recognition system. The operating mode is activated by
moving the hand for 4 seconds, calling the algorithm that
performs the recognition of gestures. Figure 4 shows how the
process of detection of skin associated with the motion detector is
worked in this project by delivering as a result a simpler picture to
be subjected to the recognition process.
RGB Image Capture
- 340x200

Identification of the
Resulting Edge

Gaussian Smooth
3x3

Binarization of the
Result

Conversion RGB HSV

(1) The image received by the IplImage component is saved in the
Buffer of the BufferedImage component, of the AWT package;
(2) The BufferImage sends its contents to an Image component,
also belonging to the AWT package and
(3) Displays the contents of the Image in a JLabel component,
component belonging to the Swing Package.
This process proved extremely lightweight and efficient, which
justified the rewriting of the application of computer vision,
replacing the library components JavaCV by the native Java
libraries belonging AWT and Swing. Another reason for this
mode of development is to let the computer vision application less
dependent of libraries JavaTV and JAVACV to be plugged into
other applications on PCs and mobile devices.

Picture converted to
grayscale

The MHP application always crashed when calling the class
responsible for gesture recognition. The cause for such crash was
the Xlet limitation in performing a task at a time. Xlet was
incorporated a thread which enabled the execution of Xlet in
parallel to the process of gesture recognition, which captures an
average of 20 frames per second with resolution set from the
configuration of the camera used. For comparison purposes, the
current cameras capture up to 30 frames per second, showing that
the application, in relation to the consumption of processor and
memory, has an insignificant loss of frames and does not
negatively affect the process of signal detection and the actions
related to its execution.

Submitted to the
classifier for
comparison

Subtraction of two
frames
Motion
Detection

Found a positive
outcome is activated a
related action
recognition

Skin Identification
By Thresholds

Grayscale
conversion

Skin Detection

The layout consists of a button bar with the following options:
photos, music, video, TV, games and interactivity, as shown in
Figure 5. The system can be controlled via remote control and

Figure 4 Skin tone recognition associated with
the motion detection process.
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when activated the option for recognition of hand gestures allows
control via hand gestures.

segmenting the image, separating the regions of skin. The
threshold cannot distinguish backgrounds and skin regions,
performing the segmentation erroneously. Another advantage of
method introduced in this work is related to the recognition time.
In the standard algorithm for human skin detector, the entire
image must be analyzed to perform the segmentation, while in the
method proposed here motion detection is performed first,
drastically reducing the amount of pixels to be submitted to
process of skin detection.
Table 1. Comparative results between the
method proposed and the standard skin detection algorithm.
Results
Method Proposed
Skin + Motion

Figure 5. Layout and navigation bar of the iGesture.
The algorithm was constructed to perform the gesture recognition,
using a common webcam, can work within a distance of
approximately 3.0 meters. Such a distance is sufficient to meet the
needs of most of homes in which the distance from viewer to the
TV set is between one to three meters.

3. RESULTS
3.1 USABILITY ENGINEERING

Method 2
Skin Detection [25]

Gestures

True
positive

False
positive

True
positive

False
positive

Gesture a
Gesture b
Gesture c
Gesture d
Gesture e

80%
78%
89%
91%
93%

20%
22%
11%
9%
7%

73%
68%
85%
84%
82%

27%
32%
15%
16%
18%

4. FUTURE WORKS

The result obtained in step engineering usability was a set of
gestures defined by the study group, shown in figure 2 and which
were used as the manipulation interface of the TV set
environment. Besides the hand gestures were also defined other
aspects for TV application, as:

Most IDTV users are not familiar with the daily use of digital
interfaces and the range of options for new TV sets. IDTV users
feel frustrated by not being able to complete tasks the way they
are used to, such as web browsing, replacing the mouse by the
remote control. Thus, the goal initially proposed for this work was
achieved when, through a set of gestures proposed by the users
and executing various techniques of image processing and the
generation of classifiers, it was possible to manipulate the
environment IDTV options in a simple way.

• A set of minimum functionalities of the TV set environment
were associated with the set of hand gestures;
• Formal definition of a suitable navigation model for the
environment iDTV;
As soon as the gesture recognition algorithm was developed, its
functioning was defined as follows: the right hand moves the
cursor and the left hand closed performs the click action. This
mode of operation has changed, waiting 4 seconds with the left
hand closed stationed on the position before you click, because in
many situations the user does not want to run anything.

The mode used to build the application IDTV proved possible to
combine the TV set-up with Computer Vision applications, but
also made clear the incompatibility of the middlewares with some
peripheral devices, especially cameras. Thus, IDTV algorithms
were built to be as independent as possible of the middlewares,
allowing them to be tested in other environments such as IPTV
that emerges as the TV environment on the web.

3.2 INTERACTIVE DIGITAL TV

The proposed solution for the detection and recognition of hand
gestures still has imperfections due to the complexity of the
images, mainly because of the lighting and texture of the
environment did not receive any control or limitation. Even
though the union of the techniques used in this paper: a skin
detection and motion detection, yielded a recognition performance
gain when compared to algorithms that use only one technique
alone, some images still had failures in relation a sharpness or
even losses important parts of objects, directly influencing in the
end accuracy rate of the algorithm. Aiming to further improve the
process of recognition of hand gestures, reducing noise and
distortion in the resulting images, as well as improving the
performance of applications in environments that have not as
much processing power as the environment IDTV, new
algorithms based on the SURF (speeded-Up Robust Features)
technique [15] and neural networks [19] are being tested.

The current implementation, component-based MHP and HAVi,
has some limitations that restrict their operation more openly,
being limited to equipment with the MHP middleware. After
several tests on the emulator is clear be possible to embed the
application on a real set-top box and uses it to control the iDTV
environment, because such emulator exploits the concepts of
specification JavaTV allowing the implementation of features in
its interface.

3.3 COMPUTER VISION
To evaluate the performance of the method adopted in this paper,
an image bank with 2,000 files for each own gestures and 3,000
files of various scenes to be used as background, was submitted to
the recognition algorithm. As the goal of a classifier of gestures is
to be as comprehensive as possible, images encompassing people
of different races, exposed to various illuminations were tested.
The detected results are shown in Table 1. As, to the best
knowledge of the authors of this paper, there is no other paper
describing a similar method, the algorithm proposed was
compared with the one that performs only the detection of skin
tones [25]. It is generally acknowledged that the result obtained
by the human skin detection method has great difficulty in
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Categories and Subject Descriptors

The following will sketch areas and aspects that are considered within the scope of the workshop. We seek technological research on more active interaction with audiovisual content, e.g. immersive pan-tilt-zoom (PTZ) navigation, game-like interfaces to media, or intelligent storytelling and narrative engines. The workshop will deal with
both recorded and live media access. Both mobile and domestic consumption may be investigated. Beyond entertainment, other domains of interactive TV are sought. Topics
are not limited to these examples, but should remain within
the overall scope of the workshop. Below, some of the questions that the workshop aims to answer are listed:

H.5 [Information Interfaces and Presentation]: [Multimedia Information Systems]

General Terms
Human Factors

Keywords
content consumption, interaction, multimedia content

1.

WORKSHOP AIM

This workshop focuses on novel forms of interactive content consumption. It will explore the shifting balance between lean-back passive TV consumption and lean-forward
interactivity; this shift is especially relevant considering the
explosion of companion screen interaction, multi-modal gesture/voice control and advanced audiovisual content interaction such as free viewpoint video and user-controlled shot
selection. New media formats and consumption paradigms
have emerged that allow for new types of interactivity.
The workshop’s objective is to provide a highly interactive discussion forum that will allow to capture a comprehensive view on this research area. During the workshop, an
overview on new content interaction concepts, research activities and future challenges in this area will be concluded
and documented. An interdisciplinary view on the topic
shall be compiled by contributions from technical research,
user-centric studies, and industry developments. Part of the
discussions is fueled by technical demonstrations of interactive content consumption forms. The workshop aims to
examine and evaluate new forms of content interaction by
discussing the ﬁeld along three axes:

• How can content personalization be enhanced through
interactivity, and at which abstraction level do users
want to interact?

• Recent technological advances that provide new forms
of audiovisual content interaction;
• User studies that evaluate new types of audiovisual
content interaction;
• Technologies that supports the user in ﬁnding the balance between passive consumption and lean-forward
interaction.

• How does the balance between active and passive consumption aﬀect the Quality of Experience?

• Which new requirements for content capture and production, user-generated, professional and prosumer, do
new forms of interactive media imply?
• Do trends in content consumption behavior inﬂuence
technical research by revealing new challenges?
• What do studies on interaction with content in the
realm of social media sharing reveal?
• How can forms of (inter-)active media access be designed to be interwoven with passive consumption modes?
• How can interactivity enhance the experience of people watching together, even when they are in disjoint
locations?
• Can 3D free viewpoint video lead to an interactivity
revolution in the media industry?
• Which technical advances are needed to allow the industry to oﬀer more interactive media services?

The workshop is seeking 3 types of submissions: full research papers for presentations, short papers for poster oral
presentations, and technical demos. One keynote speaker
will be invited.

2.

Copyright is held by the author/owner(s).
EuroITV’13, June 24–26, 2013, Como, Italy.
ACM 978-1-4503-1951-5/13/06.

WORKSHOP FORMAT

We have developed a workshop format to stimulate networking and knowledge transfer among the participants. The
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full day workshop will be an active forum to discuss research
challenges, methodologies and results in a ﬁeld that is gaining attention based on quickly changing content consumption needs and habits. More than half the time will be reserved for discussion. The chairs will establish an informal
atmosphere, inspired by Barcamps. In an active moderating role, they will make sure the workshop’s questions will
be answered and documented, yet will allow some ﬂexibility where appropriate to meet the interest of the audience.
Results will be collected on ﬂipcharts along multiple questions which emerge throughout the day, e.g. what are the
latest innovations in that ﬁeld? Which research activities
exist to tackle unsolved challenges? How could we combine
diﬀerent interaction technologies to the beneﬁt of the user?
Throughout the day, the audience will be encouraged to contribute, and especially to comment existing inputs (I’d love
to collaborate on this! ... This has already been solved in
my project! ). Live comments by both the local and remote
audience through Twitter will be promoted and collected.
The workshop will consist of the following sessions:

of the Interactive and Immersive Entertainment and Communication Special Session at MMM’12. He is part of a
group hosting the annual PhD cooperation workshop at the
i-KNOW and i-SEMANTICS conference, and has been organizing the Barcamp Graz, a yearly 3-day unconference which
is an interactive and open discussion format.
Omar Aziz Niamut is a senior research scientist at
TNO. He has a background in the coding and transport of
digital signals. His PhD research included the development
of universal audio coding algorithms. He advised the European Parliament on the harmonization of mobile TV and
was editor of the technology report on mobile TV in the European Commission — assigned European Mobile Broadcast
Council. He participated in ETSI TISPAN standardization
with over 200 contributions on interactive services for nextgeneration IPTV and advised the Singapore government on
the use of IPTV standards. His current focus is on social
and interactive media services over next-generation networks
and immersive media delivery. He is the author of academic
papers and articles in the ﬁelds of audio coding, interactive
IPTV services and immersive media. Omar holds over 15
patents and has contributed a chapter to a book on Social
TV. He has been a member of the EuroITV TPC, for the
Systems and Enabling Technologies track.
Goranak Zoric is a senior researcher at the Mobile Life
Center, employed by the Interactive Institute, since January 2010. She holds a M.Sc. (2005) and a Ph.D (2010) in
electrical engineering with a major in telecommunications
and information science at the University of Zagreb, Croatia. Goranka’s current research includes interdisciplinary
human centric approach in the ﬁeld of live video interaction
with the focus on mobile technologies. Goranka’s previous
work was in the ﬁeld of automatic face animation of virtual
characters and their applications in networked and mobile
environments. She is a guest editor on the special issue in
Personal and Ubiquitous Computing journal on Video interaction. Goranka previously organized the eNTERFACE’06
workshop on multimodal interfaces as part of SIMILAR NoE
project.
Graham Thomas is the Section Lead for Production
Magic at BBC R&D. His PhD from Oxford University included the development of motion estimation methods for
standards conversion, which led to an Emmy award and a
Queen’s Award. Since 1995 he has been leading a team
of engineers developing 3D image processing and graphics
techniques for TV production. His work has led to many
commercial products including the free-d camera tracking
system, Chromatte retroreﬂective chromakey cloth, and the
Piero sports graphics system. Graham holds over 20 patents
and has contributed chapters to several books on broadcast
applications of computer vision. He is a chartered engineer,
member of the IET, and a Visiting Professor at the University of Surrey. Graham previously organized a tutorial
on AR in broadcasting at ISMAR, and is on the CVMP
organizing committee.

• Welcome and presentation of workshop aims.
• Interactive participant introduction in Barcamp style
(name, aﬃliation, role, 3 #hashtags).
• Invited short keynote. Shall give an overview on research and industry trends, and provide a common
ground for the subsequent workshop exercises.
• Pitches (á 2min) to kickstart the poster/demo session,
where, in parallel, posters and demos are exhibited
and discussed. This shall establish an understanding
of each other’s work, approach, and focus.
• — lunch break —
• A ﬁshbowl discussion format, based on the aspects
raised beforehand. There is a limited number of active seats. If you want to say something, you have to
take an empty seat or wait for one. This format of
a dynamically changing working panel proved to work
well for discussions among experts on concrete questions.
• Some 4-6 research paper based talks. Questions will
be allowed during the talks. Chairs will moderate,
and collect statements relevant to the overall workshop
aim.
• Concluding session. The group will revisit what has
been collected throughout the day. Conclusions will
be summarized.

3.

ORGANIZING COMMITTEE

The organizing committee consists of 4 members of the
FascinatE project who complement each other well, since
they cover diﬀerent areas of technical research, HCI research
and industry.
Rene Kaiser is a key researcher for JOANNEUM RESEARCH and has been involved in a number of European
projects dealing with automation of content production such
as NM2, Aposdle, TA2 and Vconect. His research focus is
on Virtual Director software, on automating shot selection
through cinematographic behavior models. Further he is
interested in automating non-linear video production, enabling the user to interactively inﬂuence the narrative path
while watching. Rene was responsible for the organization
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ABSTRACT
This paper describes challenges and possible solutions on authoring and playback of interactive non-linear video stories.
It is possible to tell a story with diﬀerent storylines. According to the structure of these videos, authoring software
has to provide extended tools to create them. Players have
to fulﬁll an enhanced set of functions to display these videos
and provide control to the viewer. An intelligent download
and cache management at player side is needed to provide
a smooth playback of the video with an optimized quantity of downloaded data. The major goal at player-side is
to avoid breaks in the video ﬂow and unnecessary waiting
times during the playback of the video, especially after user
interactions.

Keywords
Interactive Video, Non-Linear Video, Video Story, Annotations, Player, Caching, Download, Authoring

1.

INTRODUCTION

With all available technical capabilities, videos are still
mainly presented in their original form - as a linear ﬂow of
scenes. This linear ﬂow cannot be changed by the viewer.
The only way of interacting with the video is the commonly
known controls “play”, “pause”, “forward”, “backward”, and
“stop”. The viewer has no inﬂuence on the plot of the story.
A more advanced but still only little interactivity containing variant, is video content recombination where diﬀerent
stories originate from one video as described by Porteous
et al. in [22]. Assume that a ﬁlm, like a crime movie,
has several storylines. Then the viewer could decide which
turn the plot will take. Furthermore, it would be possible
to include the decisions of the viewer into the selection of
the following scene. Implementing that, the viewer is able
to solve the mystery in a kind of interactive quiz. Therefore, the linear ﬂow of the video has to be broken up by
providing navigational elements like a selection panel with
buttons or a quiz. Besides the non-linear composition of
scenes, a parallel display of the main video and additional
information (annotations) can enrich and extend the viewing experience in a diﬀerent way. Detailed descriptions of
objects may help the viewer to make the correct decisions
while trying to ﬁnd the perpetrator. A second video can

Copyright is held by the author/owner(s).
WSICC workshop at EuroITV’13, June 24, 2013, Como, Italy.
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be displayed with the main video to show a second view on
an object in the video or the perspective of a second actor.
Objects in the video may be clickable or provide hyperlinks
as described by Braun in [5]. The user might explore more
detailed information on the object or on circumstances related with the object to help him doing his/her inquiry. In
more complex videos it can be useful for the viewer to jump
back to a certain scene or annotation. Therefore, a keyword
search and/or a table of contents may be provided showing
only these scenes which have been discovered before. The
scenario describes potential features of an interactive nonlinear video story . This term can be deﬁned as following:
An interactive non-linear video story is a non-linear combination of scenes to a consistent and self-contained story.
Active user intervention may be necessary at certain points
in the video. Interactive elements and additional information may enhance the presentation.
An authoring software for interactive non-linear video stories allows authors to create the non-linear structure and
manipulate all elements, that have to be displayed during
playback. The player has to display all elements according
to the structure of a control ﬁle exported by the authoring software. Additional elements like images or audio ﬁles
enhance the download volume of a scene and have to be
scheduled for download with the frames of a scene during
playback. The non-linearity of the video requires to load
frames and annotations in a parallel way to be able to start a
scene immediately after a users selection. The player should
avoid breaks in the ﬂow of a loaded scene to enhance the
users experience. The major goal is to generate the feeling
that a traditional video is watched in a usual ﬂuid manner.
The SIVA Suite is consisting of the SIVA Producer [17], an
authoring software, and SIVA Players, a desktop [18] and
a mobile player [16]. It is capable of creating and playing
interactive non-linear video stories. The intended end-users
range from amateur ﬁlmmakers, who can use basic video
editing functions to professionals, who use the software to
combine their previously edited contents to a whole story.
A ﬁnished project is exported to an XML ﬁle and media
ﬁles which are suitable for playback at the desired platform.
Players read the XML ﬁle and display/hide the contents according to its settings.
In this work, we show how the SIVA Suite can be used
to create interactive non-linear video stories. At ﬁrst we describe challenges in creating and presenting interactive nonlinear video stories in Section 2. After giving an overview on
possible forms of interaction in Section 2.1, we furthermore
summarize which functions are needed in tools for interac-

search is provided with the video. The viewer is then able
to navigate through the whole story.

Viewer

2.1.2 Viewer to Annotation
Video

Annotation

Figure 1: Interaction in video stories
tive non-linear video stories in Section 2.2. Functions which
are provided by existing tools are characterized in Section
3. Section 4 describes our solution of an authoring tool,
players, and an XML schema to create and play interactive
non-linear video stories. Conclusive remarks can be found
in Section 5.

2.

INTERACTION AND REQUIREMENTS

Challenges in creating and presenting interactive non-linear
videos originate from a wide range of areas. For the deﬁnition of the forms of interaction, structural constraints have
to be taken into account. In a subsequent step the deﬁned
functions must be implemented in an authoring tool and a
player. Some tasks in this process can be derived from the
design process of hypervideos as described by Ogawa et al.
in [21], or from video annotation as described by Hofmann
et al. in [11]. An analysis of our intended use cases revealed the following forms of interaction. Requirements for
a software suite were derived therefrom.

2.1 Forms of Interaction
Non-linear video players require diﬀerent forms of interaction as shown in Figure 1. In contrast to linear videos, the
viewer takes a more active role by making selections and
changes in the video. She/he can interact with scenes and
annotations (blue arrows). Both, scenes and annotations,
as well as materials provided by other viewers may inﬂuence
further decisions (red arrows). Aside from the viewer, the
video is the second agent in this model. Active scenes trigger the simultaneous display of annotation and the playback
of following scenes (gray arrows).

2.1.1 Viewer to Video
The viewer interacts with the video either in an intra-scene
or an inter-scene manner. Intra-scene interaction includes all forms of interaction known from traditional video
like “play”, “pause”, “fast forward”, “fast backward”, and so
on. A further way of interaction in interactive non-linear
video stories may be a click on an object in the video which
results in opening an annotation. An extended timeline
which contains marks for the display of annotations allows
viewers to jump directly to the particular point in time.
Inter-scene interaction occurs, if a viewer switches from
one scene to another. Thereby we have to diﬀerentiate between three forms of interaction. A mandatory interaction
at the end of a scene forces the viewer to select the follow
up scene. This can be accomplished by a simple button
panel or an extended survey. The result of the survey determines the following scene. A click on a (marked) object
is a non mandatory interaction during one scene, triggering
the playback of another scene. No action is performed if the
user does not click. A further form of non mandatory interaction can be performed if a table of contents or a keyword
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Annotations displayed alongside the interactive video story
may be images, animations, hyperlinks, texts, other videos,
or audio-ﬁles. The interaction with images and texts is limited to scrolling and zooming. By clicking on hyperlinks, the
viewer requests the display of additional information (interaction with annotation ). The playback of the time-based
annotations like video, animation, and audio can either be
synchronized with the main video or oﬀers its own control
panel. In the latter case, the user can control the playback
of the annotation independent from the main video. The
most extensive form of interaction is the creation of new
content that is linked to the existing scenes (creation of
annotations). All types of annotation can be added to the
video. To determine its position within the timeline in and
out points have to be set for each annotation.

2.1.3 Scene to Scene
Scenes interact with each other by deﬁning a predecessor
successor relationship. The following relationships are possible (thereby, X is a set and |X | denotes the cardinality of
the set X ):
• A −→ B with |A| = |B| = 1.
A linear sequence is the most simple form of interaction
between two scenes.
• A −→ B with |A| > 1, |B| = 1.
Scenes with more than one predecessor are simple to
handle too, because no conditions have to be checked
at the transition.
• A −→ B with |A| = 1, |B| > 1.
A more complex form of interaction between scenes
occurs in this case whereat the correct successor scene
B1 ∈ B has to be selected. The selection of Bi has
to be performed by certain rules. These can be based
on a simple evaluation of a boolean expression or by
a more complex deﬁnition of a fuzzy logic. Variables
that may be taken into account may be saved locally
with a scene or in a global way.

2.1.4 Scene to Annotation
The interaction between scene and annotation is driven
by the scene. It shows and hides annotations at certain
points in time. Time-based annotations like video and audio
may be synchronized with the main video of the scene. If
the viewer jumps to another point in the main video, the
same time diﬀerence has to be skipped in the time-based
annotation.

2.2 Software Requirements
The various forms of interaction described in the previous
section have to be implemented in the authoring software
interpreted by the player and modeled in a data exchange
format between both of them. This section assembles requirements for these three parts.
Authoring Tools: Authoring software for interactive nonlinear video stories has to provide tools for the implementation of the various forms of interaction. According to that, tools are needed for

• Video processing : edit video and split into separate scenes, delete scenes or frames, convert
videos into appropriate formats
• Video rearrangement: create storylines, arrange scenes or storylines, create paths through
a video
• Annotation editing : create annotations, adapt
annotations, attach annotations to scenes, deﬁne
start- and end-point of display
• Export functions: export of metadata, export/convert contents
Playback: Like authoring tools, players have to fulﬁll prerequisites in order to play interactive non-linear video
stories as well. Basic authoring features extend the
playback function enabling viewers to add scenes and
annotations to the video. The most important requirements are:
• Metadata interpretation: process XML or get
metadata from database, convert metadata to internal data types
• Navigation : mandatory and non-mandatory elements, button panels, quizzes, table of contents,
keyword-search
• Media synchronization : show annotations,
hide annotations, synchronize timelines, check for
new or expired annotations
• Cache management: delete management, management of cache occupation
• Download management: selection of elements,
selection of storylines, optimization of the quantity of downloaded data, download scheduling
Metadata for Interactions: The metadata format has
to describe the structure of the content, the layout,
and allowed actions. According to that, descriptive
elements are needed for:
• Video structure: predecessor-successor relationship between scenes, diﬀerent storylines, display
annotations, hide annotations, keyword search,
table of contents, multi-language support, adaption of the data volume
• Layout: size of displayed elements, position of
displayed elements, style of the player
• Actions: viewer interaction, buttons, clickable
objects, quizzes

3.

RELATED WORK

We analyzed multimedia authoring tools and tools for hypervideos. Furthermore, we searched for frameworks for interactive storytelling. Areas that were intentionally left out
of analysis were the area of game design and virtual reality
as well as the area of cross media applications, because these
areas oﬀer other challenges for authoring tools, players and
metadata formats.
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3.1 Authoring Tools
Many multimedia authoring tools provide some of the features described in Section 2.2. High-end software allows professionals to create appealing interactive video stories, but
they are too complex to use for non-experts. Other tools
are easier to use, but lack several features needed to create
interactive video stories. They either oﬀer functions for integrating additional information in a video, or do support
non-linearity in the video ﬂow. ADIVI1 provides both nonlinearity and additional information, but the player is not
adaptable for speciﬁc needs. It is limited to a ﬁxed layout,
that cannot be changed. A detailed overview on multimedia
authoring tools can be found in [17] and [18].
Hypervideo can be seen as a sub-category of interactive
non-linear video. There are several existing systems consisting of an authoring tool and a player. Two of the most established are Hyper-Hitchcock and Advene. Hyper-Hitchcock
[26] supports detail-on-demand videos, a simpler form of hypervideo. The system consists of an editor, a player, and algorithms for automatically generating hypervideo summaries.
The focus is on usability. The software of the Advene project
[2] allows to annotate videos with text and to generate hypervideo documents. It is possible to create, use, and share
annotations in a speciﬁed format. More Hypervideo tools
can be found, but they either limit the options of the author
too much or the used technologies are outdated.
A framework for interactive storytelling can be found in
[1]. Petri nets are used for path analysis, while character behavior is modeled based on ﬁlm-making theory. Automatic
video editing features are presented by de Lima et al. in
[6]. A method is described “which automatically generates
the most adequate shot transitions, swaps video segments to
avoid jump cuts, and creates adequate looping scenes” [6].
No further authoring features are described in this work. An
interactive video composition system capable of producing
linear video stories from a video database is described by
Shen et al. in [25]. This system makes it easier to ﬁnd suitable videos for one story, but is not capable of producing
non-linear stories. Another form of interactive video called
“interactive and multi-protagonist (IMP) ﬁlm” is introduced
in [19]. The viewer is able to watch a movie from the view
of diﬀerent protagonists, which can be chosen interactively.
No authoring tool is introduced in this work. The three
domains space, character, and story time are represented
in diﬀerent hypermedia graphs, by Teixeira and Respicio, in
[27]. No software was described in this work, too. Hartmann
et al. describe an authoring tool which enables an author
to “create and structure non-linear plots and an initial prototype of a story engine which both are based on narrative
macrostructures” [10]. Schneider et al. “introduce a coherent environment that does not restrict the creative process
and lets the author feel comfortable, leading him to create
well-narrated, interactive non-linear stories” [24]. both of
these authoring tools show some similarities to ours. They
also use a scene graph, but do not provide the ability to add
additional information and extended navigation.
No easy (for non-professionals) to use authoring tool for
the creation of an interactive non-linear video story was
found. Existing tools either do not provide all functionalities needed for the composition of interactive videos, they
require extensive technical knowledge, or they only provide
1

http://www.adivi.net/ (3/18/2013)

complex GUIs. We think it is necessary to provide an easy
to use tool to make interactive video stories more popular
while using equipment many people own, like smartphones
or small camcorders.

3.2 Playback
Adobe Flash/Flex2 , Microsoft Silverlight3 , JavaFX4 , and
HTML55 in combination with Javascript6 provide the ability
to implement players capable of processing the output of authoring tools and presenting an interactive non-linear video
story. For example, Bellini et al. describe a player “that
allows modeling and playing non-linear stories by following
their semantic including temporal and logical relationships”
[3]. Thereby, “any media segment can be an annotation for
another media element, plus any semantic description. The
user may navigate in the audiovisual annotations and media
creating its own non-linear experience/path” [3]. This player
is based on a diﬀerent underlying structure and interaction
paradigm compared to ours.
Traditional players like the YouTube player extended with
annotations need reloads during the playback of a scene or
long loading times at the beginning of a scene. Both is unsatisfactory for users. A player should be able to handle the
video eﬀectively, i.e. avoiding unnecessary reloads and minimizing the amount of data downloaded and not displayed.
Though many eﬀorts have been made in analyzing, creating, and enhancing hypervideo or interactive video, only
little eﬀort was made to optimize the data transmission
from client to server. An intelligent cache management at
the client side to avoid retransmission of elements is implemented rarely. Bota et al. undertook eﬀorts to minimize the
data volume transferred from server to client in transmitting
hypervideo [4]. They implemented a more eﬃcient method
to mark hot spots in hypervideo than deﬁning the hot spot
at each frame and transferring the marks with the video.
The work addresses the download of control data, but not
the prefetching of scenes or strategies for cache management.
In [9], described by Grigoras et al., hypervideo is streamed,
taking user behavior into account. The authors diﬀerentiate
between long-term and short-term memory. Using that, a
formal Markov decision problem is formulated and an optimum policy is predicted. According to that policy, cache
management is implemented and the player is started. Interactivity in linear video is addressed by Fei et al. in [7],
which deals with active buﬀer management for video on demand systems. A sliding window is proposed to make past,
present, and future parts of the video available.

3.3 Metadata for Interactions
SMIL7 , the Synchronized Multimedia Integration Language,
is a metadata format for multimedia presentations. Interactive non-linear stories can be described with this XML speciﬁcation as for example described in [5], but some interactive
elements are quite laborious or impossible to implement in
2

http://www.adobe.com/products/flex/ (3/18/2013)
http://www.silverlight.net/getstarted/
silverlight-4/ (3/18/2013)
4
http://javafx.com/ (3/18/2013)
5
http://www.w3.org/TR/html5/ (3/18/2013)
6
https://developer.mozilla.org/en/JavaScript
(3/18/2013)
7
http://www.w3.org/TR/2008/REC-SMIL3-20081201/
(3/18/2013)
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SMIL (like a table of contents or a keyword-search). An
XML document called PRISM container is introduced by
Min et al. in [20]. It represents an interactive story structure where planning and conditional branch techniques are
merged with each other. The structure of the XML format is
described very brieﬂy and illustrated with an example. This
work does not allow to arrange ﬁles to a multimedia story,
the main attention is on the structure. An XML grammar
for the PopcornOpenVideoAPI8 describes the elements and
resources displayed with a video. It allows to integrate social
media with a video, but does not provide elements for far
reaching user interaction. “ShapeShifting TV is founded on
a computational language called Narrative Structure Language (NSL)” [28]. This language uses diﬀerent concepts
and rules to describe interactive TV narratives. Semantic
Web technologies, namely ontologies (INSCAPE ontology9
[8], Clue ontology10 ) are described and evaluated brieﬂy for
their usability in interactive storytelling in [23].
All XML formats described above provide some of the
elements needed for interactive non-linear video stories but
none of them provides all elements. Some formats could be
used with certain extensions or in combination with other
formats. Restrictions of some kind may be necessary in the
latter case.

4. TOWARDS A SOLUTION
We implemented a system called SIVA Suite for creating
and presenting interactive non-linear video stories. The system consists of the authoring tool, SIVA Producer, the SIVA
Player, and a metadata format. Furthermore, we developed
an simulation framework for download, cache, and delete
management during playback.

4.1 SIVA Producer
An analysis of authoring tools and players for interactive
non-linear video and multimedia representations was accomplished by doing a detailed study on existing software and
related work (see [17]). With the ﬁndings of this analysis, an
authoring tool was implemented which can be used to create
interactive non-linear videos with additional contents. The
result of an interview with a group of experts and various usability tests improved the ease of use of the software as well
as the productivity while creating an interactive video. A
semantic zoom was implemented to provide a good overview
over the ﬂow of the video as well as an impression of the contents of a scene. Figure 2 shows an overview over the GUI of
the SIVA Producer. There is the scene graph used to deﬁne
the relationships stated in Section 2.1.3 in the center and a
media repository with all kinds of media used in the project
at the right side. Furthermore, there are a scene repository
for all deﬁned scenes, two editors for annotations, and an
editor for a table of contents. A detailed description of the
GUI of the authoring tool can be found in [17] and [18].
Furthermore, [17] gives an overview over usability tests and
their results. The semantic zoom is described in [12] in more
detail.
8
https://wiki.mozilla.org/PopcornOpenVideoAPI
(3/18/2013)
9
http://cordis.europa.eu/ist/kct/inscape_synopsis.
htm (3/18/2013)
10
http://ksl.stanford.edu/DAML/aqua/web/clue/
(3/18/2013)
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tion 4.2, a modular player simulation framework was designed. It is used to test and evaluate the downloading,
playing, caching, and deleting of elements of an interactive
non-linear video story. The component architecture of the
framework consists of two buﬀers/caches, a player, a cache
control, a cleaning agent, and a download agent. The client
framework reads an XML ﬁle either with real data or with
a virtual test scenario.
Single strategies and combinations of strategies are evaluated with the framework. The goal is to ﬁnd combinations
of strategies that ﬁt best for diﬀerent environments like a
player on a smart phone or a player in a LAN with high
bandwidth connection to the Internet. One ﬁtting set of
strategies is then integrated into the player for the according end user device. A detailed description of the simulation framework and ﬁrst promising results regarding waiting
times can be found in [13].

4.4 SIVA Schema

Figure 2: GUI of the authoring tool

(a) Web player

We deﬁned our own XML-schema for our XML ﬁles geared
to our needs. It is easy to extend or change in case of further
research approaches in our project. The XML ﬁle consists of
four mandatory sections deﬁning the settings for the whole
video project, a storyboard, various actions for loading annotations or providing interactive elements to viewers, and a
resources section making it easy to provide all contents in a
multi-language way. Two non-mandatory sections for a table of contents and the deﬁnition of keywords can be used to
provide further navigational elements with the video story if
appropriate. A detailed description of the XML format can
be found in [15].

5. CONCLUSION

(b) Mobile player

Figure 3: GUIs of the web and the mobile player

4.2 SIVA Player
Two prototypic versions of players exit, one for mobile and
one for static environments. The web player includes a main
video area and up to four additional annotation areas. The
screenshot in Figure 3 (left) shows the top and the bottom
area containing text annotations. Furthermore, the timeline
shows annotation markers at each point in time where a
new annotation is displayed. A detailed description of the
interface of the web player can be found in [18]. Usability
studies and their results for the web players are described
in [14]. The mobile player is implemented with a diﬀerent
display concept due to the smaller display size. The viewer
can chose between three diﬀerent views. In one view only the
video is displayed, another view provides a split screen for
both main video and one annotation at a time (see Figure 3,
right). The third view shows annotations in full screen. All
screens are implemented in portrait and in landscape mode.
The description of the mobile players GUI can be found in
[16].

4.3 Simulation Framework for Download and
Cache Management
In order to implement optimized strategies for download
and cache management for the players described in Sec-
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At ﬁrst we described in this work an illustrative scenario
which characterizes possible useful and entertaining features
during the playback of an interactive non-linear video story.
An outline of diﬀerent forms of interaction between video,
viewer, and annotations builds the foundation on our analysis of requirements for authoring tool, player, and metadata format. A literature review and a web search showed
that no easy to use software suite is available for the creation and playback of interactive non-linear video stories.
Further we described our software called SIVA Suite which
covers most of the required features. Continuous usability
tests were used to improve both authoring tool and player
step-by-step. A player simulation framework is used to ﬁnd
optimized strategies for download and cache management
on various devices. Future work includes the development
of further strategies for download and cache management.
After a detailed evaluation of the strategies, the most suitable will be implemented in the web and the mobile player.
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A recent proposal [1] advances personalized interactive TV by a
generation, by allowing the on-screen broadcast content itself to
be personalized to the individual viewer, as well as subsequent
interaction with the content. The proposal also allows user
generated content to be integrated with the program, and onscreen interaction with friends during the real-time broadcast.
Herein, the goal is to canvass existing methods and new
methodological approaches for a comprehensive evaluation of the
above proposal. This includes the investigation of usability and
UX issues for both: (i) the post production (authoring in the TV
production environment) and (ii) the consumption (using
developments at head end). Additionally, the QoE will be
investigated from both perspectives. This addresses following
research topics:

ABSTRACT
Due to the growing complexity and functionality of multimedia
systems, quality evaluation becomes more important as a crossdisciplinary task. Therefore, this paper presents an evaluation
proposal for new developments of personal and interactive TV
services, aiming at meeting the users’, as well as the content
providers’ requirements. The goal is to define future evaluation
activities in the form of a roadmap, to collect risks and further
evaluation requirements, as well as to exchange ideas and detect
collaboration possibilities with others. This aims to benefit future
users by supporting adequate applications as well as the research
community by further developments in evaluation methodology
and handling.

Keywords

x

Personalization and its acceptance and accompanying
requirements on personalized TV concepts.

x

Impact of individual skill support on the actual usage of on
personalized TV concepts.

x

Handling of different devices and thereof differences in
associated requirements for personalized TV concepts.

x

Usage environments of on personalized TV concepts and
thereof emerged and different requirements thereon.

x

Usage contexts of different personalized TV concepts and
their impact.

QoE, UX, Evaluation Design, interactive TV, personalized TV

1.

INTRODUCTION

Since the growing complexity and functionality of multimedia
systems, quality evaluation becomes a cross-disciplinary task,
including technology-centric approaches, as well as human
factors. In recent years, in the area of multimedia evaluation the
term Quality of Experience (QoE) evolved, trying to describe
overall human quality requirements. New concepts for interactive
personalized TV create new challenges, in order to meet and to
evaluate the content providers' as well as the end users' QoE.
Besides open questions on visual and auditive QoE, new forms of
representation and accompanying interactivity add further
dimensions of User Experience (UX) and several (un)controllable
degrees of freedom (e.g., usage context and environment,
information basis for personalization, and/or multi-user of a
service) for quality assessment which have to be further
investigated. Therefore, a roadmap for a comprehensive
evaluation approach based on pre-defined use cases in context of
personalized TV is presented. Personalized TV currently alludes
to the generation of a selection of programs suitable for the
viewer [1]. Interactive TV services have been around longer, but
still only promise minimal interaction between user and the
content [1]. More recently, interaction is predominantly delegated
to social networking TV activities, and relying on the second
screen [1].

These topics are investigated based on the new usage concepts
including factors deriving from actual forms of representation (i.e.
including room information for acoustics and 3D visualizations,
etc.). The goal of this paper is the presentation and discussion of a
proposal. This proposes a methodological design in order to
especially investigate the challenges provided by new usage
scenarios. These are a compelling case for TV production
encompassing advertising, social media integration, and second
screen add-ons. Questions on future production allowing these
services as well as the viewer adoption and usage of such
scenarios have to be investigated. Therefore, section 2 provides
background information about the investigated concepts for
interactive and personalized TV as well as about former
evaluation activities in this field, new developments, and
requirements for the future. Section 3 describes the evaluation
approach for further discussion, which also points out a roadmap
and an outlook on how this evaluation approach could be realized
in the future by researchers and implementers of this area. This is
concluded by a short summary.
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would induce building more viewer interaction into TV
productions, or from social network data (if legitimately
available). The proposal in [1] is now extended to introduce
interactivity and allows the user to interact with these (or other)
objects if allowed (or within restrictions) dictated by the
production of the program. This again is enabled by object based
video and scene-graphing where the user is supplying data to
update the positioning of the objects placed in the scene. Further
to this, data of inserted objects may then be made available to a
closed group of viewers for collaborative interaction. A likely
method of viewer interaction is via mobile apps on an associated
mobile (i.e., second screen) device in which the mobile/tablet
screen becomes a navigation device for the main-screen
interactivity. The second screen may contain viewable
information in the traditional sense, but it also allows the
interactivity (including social network interactions) to be
integrated onto the main screen, and so maintain the viewers’
attention totally on the main screen without the second screen
becoming a diversion of attention. Due to the high complexity and
integration of different functionalities of personalized interactive
TV, the assessment of all influencing factors on the quality
perception is a rather complicated and interdisciplinary endeavor.
Since lacking of an all-embracing assessment method, the
influencing factors are usually evaluated by themselves. For
instance, evaluation activities within the topic of interactive TV
focused on the user experience with interactivity, the social
impact of social network interactions presented on the TV screen,
and associated with games or other interactive challenges [9].
Evaluation approaches focused on special use cases and user
groups (e.g., elderly) and new developments, including questions
about usage, environmental impact, context of use, or general
methodology (see, e.g., [10], [11]). These address additional
questions, like for example audio / visual (A/V) congruency (see,
e.g., [12], [13]), interaction of 3D video and audio technologies
[14], or the adequate usage of video objects itself (either predefined positioning or real interactivity provided to the user) [15].
Although most standardized assessment procedures focus on
specific evaluation topics, like picture quality, the standardization
bodies are aware that this single-factor assessment is not
sufficient for proper quality estimation. ITU-R study group 6, for
example, encourages studies concerning the “Relation between
quality, quality evaluation methodology, and type of application,
in multimedia environment(s)”. In [16] it is considered “(...) that a
wide range of media delivery systems are available today, or are
becoming available, for the broadcaster, including Internet [and]
that such media delivery systems will provide a range of
entertainment, educational, and information services (...)” and
therefore it is required to give “(...) guidelines (...) for the
relationship between quality requirements and multimedia
applications provided by broadcasters (...)” as well as a definition
of “(...) subjective and objective quality evaluation methodologies
and environments (e.g. lighting conditions, viewing distances,
contextual effects) (...)” to allow the identification of multimedia
audiovisual and interactivity quality parameters. Mentioned
approaches and activities towards assessment methodology
adapted to new developments are seen as a useful basis for further
developments and a comprehensive evaluation workflow.
However, interactive services change, and additional requirements
to quality assessment arise and have to be constantly and
iteratively considered. This leads to the evaluation roadmap
presented in section 3.

BACKGROUND

On-screen personalization of broadcast content is proposed in [1]
for viewers of existing infrastructures (cable, satellite, digital
terrestrial, Telco IPTV, OTT [2], HbbTV [3]). The general
concept is illustrated in figure 1. The concept utilizes object based
video in which video objects are separately encoded, conveyed
across the network and assembled at the receiving terminal in
accordance with a scene graph data structure [4]. Video objects
[5] are selected and inserted into the play out; the objects are
selected in accordance with (i) the viewer profile and (ii) the
predetermined requirements of the content in order that the
integrity of the program is maintained. Personalization of the
source content may take the form of adapting the video or audio
according to user context, e.g. location and mobility factors.
Media adaption can also be applied on the basis of input and
output devices, for example:
x

Use of multi-screening – the presentation of personalized
content on tabs and phones, synchronized to the main
content stream, multi-dimensional presentation.

x

Sensors: recognition of user situations via Kinect, Glass,
haptic sensors, location, etc.

x

Displays, including the viewpoint of objects in 3D.

The play out file leaves spaces (“placeholders”) into which
personalization objects are to be placed.

Figure 1. Overview of personalized, interactive TV.
The objects are created independently of the main production and
are made available through a web-based “media marketplace”.
The technology for this is based on object-based video, using
scene-graphing to correlate the source video with associated
objects. The MPEG-4 specifications provide for BIFS (Binary
Format for Scenes) scene description [6], although other video
scene data formats are possible, and future research envisions
deriving an advanced graphing format, and possibly utilizing
other standards, for example, HTML5. A short time ahead of realtime play out, objects are located and acquired via an agent-based
brokerage platform [7] which negotiates for the use of the objects,
including payment, where required. Objects are delivered via the
web to the end-viewer. Example scenarios include personalized
product placement; personalized documentaries and educational
content; interactive activities (quizzes, etc.) in TV entertainment
shows. Objects may be commercially-created (for example for
product placement for advertising) or user-created (where a
compromise in quality may be expected). Viewer profiling [8] is
built up for end-viewers based on TV interaction, which in turn
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information needed for the development’s functionality and
privacy issues has to be realized. The definition of a threshold
between “how much information is provided” and “how less
information works” is intended additionally. There is research
into privacy issues and acceptance of data collection available
which could be a basis (e.g. by conducting a literature review).
Based on this, a user centered methodology with a high user
inclusion may be most useful also in order to research how
existing theories apply in this new usage area. Therefore,
explorative, creative, and interactive methods like interviews in
form of workshops, probing [22] or herein new developed
methods may work. Based on this, user profiles or usage profiles
can be defined for further usage within the personalized TV
developments.

EVALUATION PROPOSAL

The presented multi-faceted personalization approach led to the
definition of evaluation tasks as follows. These tasks include the
synchronization of usage contexts, user expectations,
requirements, and evaluation methods in a first step. Secondly,
the evaluation of skill facilitation and use case support by
enhancing interactivity is envisaged. Furthermore, the definition
of the applications’ usability and inclusion of personal data is
investigated. Based on this, the definition of the QoE within the
post production of business user as well as the definition of the
QoE from the end users’ point of view is planned. Finally, the
users’ acceptance of multi-device support and application is
addressed.

3.1

Different Tasks

3.1.4

For future practical handling we propose to take these tasks up
and therefore use a mixed method approach. Therefore, we
suggest following assessment methods for execution.

3.1.1

Requirements

First of all, a collection and definition of user requirements should
be made by elicitation and exploration of respective usage context
(i.e., the post production context and the consumption based on
different usage scenarios). This includes questions about which
functions should be provided and supported, and what is
acceptable / not acceptable. Therefore, focus groups [17], and/or
observations [18], as well as additional interviews and the Delphi
method [19] for data refinement could be useful. Herein, a
specific description of the respective use case should be given to
the respective user, in order to allow the test participants to get a
picture of the development concept, including personalization and
personal skill support. Based on this information, data about the
usage habits, usage preferences, wishes and needs should be
refined. This happens at the early stage of the personalized TV
design and developments. This includes the comparison of current
usage habits with desired functionality. Information about
possible changes is used for requirement definition and
refinement. These activities are based on the pre-defined
personalized TV concepts.

3.1.2

3.1.5

Quality of Experience for end user

Based on the different concepts provided by personalized,
interactive TV developments, the QoE by the end user is defined
here. This answers questions about more and less accepted
concepts and the quality description of each. This includes
activities like defining quality acceptance thresholds, and
examining the balance between passive consumption and leanforward interaction. Therefore, trials with head end prototypes are
intended. Mixed methods like OPQ and methods focusing on UX
relevant aspects [24] are intended at this stage.

3.1.6

Skill facilitation

Multi device support and application

Usability tests [20] using prototypes are intended at this stage.
Furthermore, focus groups seem to be useful as well. Herein,
differences observed between usage habits with and without
multi-device usage are explored and further investigated.
Questions about added value through multi-device support and
further usage concepts are investigated as well.

It is intended to make utmost use of the possibility to provide
personalized, interactive content. Therefore, questions about
which skills can be further facilitated and how this facilitation can
be supported have to be investigated. Herein again, the different
perspectives (provider and end user) have to be considered and
may lead towards different development activities. At this stage,
one may be able to make use of already collected data, as
presented in section 3.1.1. However, this represents another
perspective, and therefore methods like prototyping [20] and/or
heuristic evaluations [21] are envisaged additionally to
quantitative success measures, in order to get information about
the skill supportive functionality.

3.1.3

Quality of Experience for producer

Assessing the provided support to the content producer by using
the infrastructure of planned development at the post production
site is intended. Herein, questions concerning the workflow
improvement, quality control issues, as well as critical bottlenecks
have to be investigated. This includes the identification of
usability issues, as well as user experience, and contextual
influences. Therefore, a combination of quantitative data
collection (e.g., acceptance and quality rating on a scale) and
descriptive data (i.e., why is something rated as good or bad), for
example, via Open Profiling of Quality (OPQ) [23] in comparison
to data from former observations (see section 3.1.1) should
provide insight for further improvement.

Based on these evaluation activities, the overall advantages and
disadvantages of intended personalized, interactive TV concepts
will be defined. This will support the development of the intended
user centered application itself. Questions about how to make
utmost use out of evaluation results (e.g., by parameterization and
inclusion into development processes), as well as on how to make
evaluation activities more efficient (e.g., by combining different
tasks for different questions, using automation tools for data
collection or proceeding) will be addressed as well. The
disadvantages of presented proposal may be seen in its extent.
However, at this state of the art of evaluation approaches it is also
seen as advantage to expend effort in order to collect knowledge
for future automation and adaption possibilities without
discarding the user.

Personal Data inclusion

The question about the most profitable usage of personal data
inclusion is investigated here. Which way to include personal data
is most accepted? Which additional value is provided to the user
by personal data inclusion? Is there an acceptance threshold?
Privacy and security becomes important when including private
data for service applications. Herein, a balance between useful
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required in order to ensure quality on the whole panorama tiles,
while avoiding waste in bandwidth budget. The rate control
algorithm that monitors each tile encoder first requires predicting
the rate needed for each tile as illustrated on Figure 1. We do not
address here how each encoder uses rate control for the tile it is
dedicated to. Instead, we want to assess what target rate we need
to send to each encoder while avoiding inter-encoder
communication in order to allow for efficient parallel encodings.

ABSTRACT
In this paper, we describe an interactive delivery framework for
high-resolution panoramic content. We propose an adaptive
coding method, which uses spatio-temporal saliency to identify
tiles that require higher rates to be encoded with sufficient
quality. We show how to calculate the spatio-temporal saliency
map and how to integrate the saliency measures into a system of
parallel encoders.

Keywords
H.264/AVC, Saliency, Panoramic Video, Interactive Delivery,
Rate Control.

1. INTRODUCTION
Current trends in ultra-high resolution sensors and ultra large
displays aim at offering a more immersive visual experience to
end users. The notion of immersive media with ultra-high
definition TV (UHDTV) and displays, among which we can cite
NHK work on 8K Super Hi-Vision video [11] and the Fraunhofer
HHI 7K OMNICAM system [16], does not seem to take into
account the explosive growth of device diversity. Interactivity, via
mobile devices, such as smartphones and tablets, seems indeed
nowadays as important for experiencing the feeling of immersion
as large scale and high-resolution content.

Figure 1 Global scheme for saliency-based rate control for
tiled panoramic content delivery.
Saliency is a measure for whether objects or regions stands out
relative to their neighbors and is considered a key property for
human attention. In the literature, saliency has already been
successfully used for rate control in single video H.264 rate
control, e.g. for Just Noticeable Difference-based H.264 encoding
on salient regions [19] and [2], and for bit-allocation based on
saliency maps [10] and [17] at macroblock level.

The motivation of this paper is related to a new functionality that
enables interactively and efficiently accessing a portion of ultrahigh definition panoramic encoded content on low power devices,
such as an interactive Region-of-Interest (RoI). In the literature,
this functionality is most often referred to as “zoomable videos”
[7], “virtual pan-tilt-zoom videos” [12], “spatial random access”
[14], [13] or “interactive regions of interest” [9]. We focus here
on the representation of the ultra-high definition panoramic video
content that consists in a set of independent spatial tiles as in [12]
and [14], which can be independently encoded and decoded.

We here propose and evaluate an extension of these works to
multiple video (tile) rate control for ultra high definition content
by controlling the rate of each independent tile based on its
relative saliency with respect to the full panorama saliency map.

2. SALIENCY ESTIMATION
In this section, we discuss the detection of salient regions in the
panoramic image, in particular of spatiotemporal saliency as a
measure for the relevance of content independent of the domain.
Saliency does not provide semantic meaning on its own, but
rather indicates where a human observer of the scene might
naturally look. First, we discuss some relevant related work,
which mainly focuses on still images. We then discuss temporal
integration of these saliency measures over time, and the
measures taken for increasing robustness and reducing
computation time.

Introducing tiling comes with a cost in compression performance
[14] but actually enables to both reduce access bandwidth usage
and optimize video quality at the user side as only the requested
portion of the panorama is received and decoded. However, at the
server-side, some constraints must be met such as a fixed
bandwidth budget for the tiled panorama. Sharing bandwidth
equally between all tiles of the panorama content is suboptimal as
some parts of the content are static and require very low rates to
be encoded with high fidelity. On the other hand, very active tiles
require much higher rates in order to be encoded with an
acceptable quality. It follows that a rate control algorithm is

2.1 Related work
One of the very first works focusing on saliency-based scene
analysis is [4]. The model used in this work is based on the
sensitivity of visual neurons to local spatial discontinuities. For
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from seven pyramid levels. These 18 features are weighted by the
scale 1/s and summed to the saliency value for each pixel.

example, a bright object stands out in a dark environment and
vice versa. This so-called centre-surround model is built from the
difference images of a Gaussian image pyramid. To improve the
saliency detection results, feature combination strategies have
been proposed in [5], which make use of supervised learning to
determine the weights of features. In [6] this method is extended
by a probabilistic aspect, resulting in a measure called Bayesian
surprise. The Bayesian surprise measures the divergence between
the prior probability of a learned model and the posterior
probability of the current observation. In [3], a saliency detection
method based on the log spectrum has been proposed. From the
saliency map, this work proposes also a simple threshold method
to detect objects in the images. The authors of [1] use the
Quaternion Fourier Transform to operate in time and frequency
domain. In [18], motion vector fields are estimated in order to
obtain temporal information. The information about the position
of human faces is used as an important feature in [18] due to its
special focus on surveillance videos.

In a video, the spatiotemporal saliency histograms are used to
distinguish between static and moving salient regions. In our
implementation, we divide the panorama into cells of size cx×cy =
40×40 pixels. For each cell we build a reference histogram H of
saliency values with |H|=256 bins from the recent n frames (n has
been set to 20 in the experiments). To compare the current
spatiotemporal saliency histograms with the reference mode, we
use the earth mover’s distance (EMD [15]). The EMD calculation,
which requires solving an optimization problem in the general
case, can then be done efficiently using the cumulative sum of the
histograms:

DEMD ( H , H ' )
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In order to suppress the effect of reflections on smooth surfaces
(e.g., stage floors), we add a post-processing step to filter these
areas. Those areas are largely unstructured, but get texture only
from shadows and reflections. We assess the content in each grid
cell by the amount of edges. We use the Canny edge detector to
determine the edges and calculate the percentage of pixels
belonging to an edge. Finally, this percentage is used to reweight
the cell saliency. We can observe that the salient regions are
preserved while most of the undesired regions are filtered out. An
example of a resulting block-based saliency map is shown in
Figure 2. It can be seen that only the actors in the foreground
remain salient, while people in the background and object like the
marks on the floor are suppressed.

Most of these methods focus only on still images. In our
application, we cannot neglect the temporal context, as we need to
obtain saliency estimates that are consistent over time, and do not
cause abrupt changes of salient regions. Also the heuristic of
focusing on human faces feature is quite domain dependent, and it
might in many settings draw attention rather to the audience than
the actions on the pitch or on stage. Some methods also use the
assumption that the most salient objects reside in the centre of the
image. This does also not hold for the panoramic image. For
example, in a soccer scenario, the most important things, the
goals, happen at the image boundaries. Finally, some proposed
features are costly to compute, and have to be excluded or
replaced in order to enable processing of a high-resolution
panorama in real-time.

3. SALIENCY-BASED ENCODING

2.2 Proposed method

In this section, we focus on how visual saliency can be used for
predicting the best bandwidth share among panorama tiles.

We start by building a traditional centre-surround model from the
difference images of a Gaussian image pyramid of the panorama.
The intensity and four broadly-tuned color channels (red, green,
blue and yellow) are calculated. For obtaining the pyramid,
images are iteratively subsampled by a factor of two. Following
the inter-scale subtraction to build the center-surround model,
each down-sampled image is expanded back to the original size
using nearest neighbor resampling so that the subtraction can be
done on a pixel basis in the original resolution. The shrinking and
expanding has the effect of averaging the intensities per block. To
compare the features in a centre-region with its surrounding, the
difference between a finer scale image and a coarser scale image
is calculated. As the human visual cortex is sensitive to opponent
colors, e.g. the combination of red and green, the color chromatic
opponents RG and BY (defined as differences of the
corresponding channels) are chosen as visual features instead of
taking the color channels separately. The centre-surround feature
of pixel intensity is defined as I(c,s)=|I(c)-I(s)|. In our
implementation, we choose c  {2,3,4} and s = c +  with  
{2,3}. We thus obtain 18 different features (6 centre-surround
configurations for intensity and two opponent colors), extracted

The requirements of tiled-based panorama streaming involve low
delay tile transmission and decoding as well as low delay tile
switching for interactive navigation. In this work, we have used
H.264/AVC [20] and have selected a very short GOP (Group Of
Pictures) length equal to four and discarded B-slices. The selected
GOP structure is IPPP. Rate prediction for I frames and P frames
is very different. Due to the fact that the panorama content is very
static; intra frames rates are typically ten times larger than P
frames. It follows that a simple MAD (Mean Absolute Difference)
score (between the current and previous frame) already gives
good results for P frame rate prediction as proposed on [8].
However, for I frames, the MAD score is not relevant. Visual
saliency and edge maps have been proposed in the past to adapt
bitrate to macroblocks [10], [17]. Since the quality of P frames
will depend on the quality of the first reference frame
corresponding to the first intra frame encoding, the rate allocation
to tiles rather requires spatiotemporal visual saliency detection as
described in the previous Section. If saliency varies inside a GOP,
a single-frame-based rate allocation would not be optimal; the
first intra frame encoding could not be of sufficient quality.
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Figure 2: Frame from the panorama (top), saliency map calculated from difference of the pyramid levels (middle) and
spatiotemporal block-based saliency (bottom). Darker values indicate higher saliency.
Given a global bandwidth budget BW, we set the target rates ri of
each of the N tiles composing the panorama according to the
following equation:

ri

O
N

BW  (1  O ) D si ,

and is used to update  in Equation 2.

4. EVALUATION
4.1 Saliency Detection

(2)

In order to evaluate the performance of our saliency detection, we
determine the overlap between the salient regions reported by the
detector and the area of the panorama covered by broadcast
cameras. We use content from a soccer game, for which position,
pan and tilt angles and zoom settings were logged for each frame
for four broadcast cameras. This cannot be considered as a
complete ground truth, as there will be uninteresting content
within the broadcast camera frame, and there might be interesting
content not covered by any of the cameras because it was missed
or considered less relevant than other things happening on the
pitch (In fact, the reason why we develop an interactive solution
is to enable viewers to see these things as well). We use the
camera data to project the view frustum to the pitch and then as a
quadrangle into the panorama (see Figure 3).

where si is the aggregated saliency scores for tile i,  is a
multiplicative factor that converts saliency values into rate values,
which is set in order to meet the bandwidth constraint in Equation
3, and  is a factor that enables tuning the impact of saliency on
the target rate. If  is set to 1, the rates are equal for all tiles and
this corresponds to state-of-the-art tile-based panorama streaming
strategies [12], [14] and [13]. This also corresponds to the case in
which all tiles are equally salient (e.g., capture of a crowd). If  is
set to zero, the resulting rates are directly proportional to
spatiotemporal saliency. Adapting the value of the parameter 
enables to reach a trade-off such that a minimal rate is allocated to
tiles that are relatively not very salient and that quality variations
between neighboring tiles are not perceivable at tile borders. As
stated before, the sum of the rates is subject to the following
constraint:

¦

N
i 1 i

r d BW ,

We then determine the overlap between the broadcast camera and
the salient region (normalized by the total area reported as
salient). Figure 4 shows the results.

(3)
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camera is that reactions in the audience and movements of the
trainer and linesman are not covered at all in the broadcast
cameras.

4.2 Encoding Performance
In these experiments, we have selected a 4x4 tiling of a 7K
panoramic content as illustrated in Figure 2, resulting in tiles
resolution of 1744x480. The chosen H.264/AVC [20] encoder is
the x264 [21] configured in the ultrafast preset with an IPPP GOP
structure of length four for low delay. We modified the x264
encoder so that its target rate can be updated at every frame from
our saliency-based tile rate controller. The deviation tolerance for
the internal tile x264 encoder rate control was set to 0.5%.
Figure 5 shows a delta rate heat-map for a given frame of rate
adaptation for the panorama tiles and a value of  equal to 0.2..
The red tiles in the heat-map correspond to those that receive a
higher target rate from the rate controller. Blue tiles correspond to
lower target rates. No visible distortions can be seen in the
encoded panorama. The way tile rates are increased and decreased
follows Equation 2.
Figure 6 and 7 show delta-rate and delta-PSNR results for a nonsalient tile and a salient tile respectively. These differences
correspond to the offset in rates and PSNR between a uniform rate
control tile encoding (all tiles receive the same target rate) and the
proposed saliency-based rate control strategy. It can be seen that
for larger values of relative saliency of the tile, the PSNR
increases with low rate increases. For low values of saliency,
PSNR are slightly decreased with slight rate reductions (around
0.5kbps). The percentage saliency corresponds to the ratio
between the saliency score of the tile and the total saliency of the
whole panorama.

Figure 3: Top: projection of the broadcast camera frustums to
the pitch, bottom: White lines indicate the projection of
camera 3 and its trajectory to the panorama. Colored regions
indicate detected saliency.

On average, for the 7K panoramic video sequence football
sequence illustrated in Figure 5, when all tiles are used to
recompose the panorama, the Delta PSNR gains are equal to 2.3,
for a total bandwidth constraint of 50Mbps and to 3.1 for a
bandwidth constraint of 40Mbps.

5. CONCLUSION
In conclusion, we have shown two concepts for an interactive
UHDTV panorama video content delivery system. The first one is
a method to determine spatio-temporal saliency from the image
content, including measures for robustness. The determined
saliency regions overlap well with those covered by broadcast
camera operators. But they also include other regions, that might
be interesting for some users or where actions might happen, that
will be missed by the broadcaster camera operators.
The second one is the use of these spatio-temporal saliency
measures to efficiently encode tiled panoramic content on parallel
encoders. The proposed tile rate controller enables to increase the
quality of the panorama by achieving a better share of the
available bandwidth among tiles. Visual saliency has shown to be
an efficient prior for determining tiles that require higher rates to
be encoded with sufficient quality.

Figure 4: Overlap between salient regions and regions covered
by broadcast camera (normalized by total salient area).
The overlaps between salient regions and regions covered by
broadcast cameras correspond with the different camera viewing
angles. For example, camera 3 shows close-ups of the action and
has a very narrow angle; the overlapped regions are consistently
smaller. At the end of the evaluation sequence, three of the
cameras show a nearly identical region, thus also the overlap
converges. Players are moving around the center of action, thus
the fraction of overlap oscillates around similar value depending
on the viewing angle. The main difference to the broadcast
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Figure 6 Comparison between uniform rate control of tiles and the saliency-based rate control. Delta rate for saliency-based rate
control versus tile saliency.

Figure 7 Comparison between uniform rate control of tiles and the saliency-based rate control. Delta PSNR for saliency-based rate
control versus tile saliency.
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back and watching, users can leverage freehand gestures actively
to control interactive elements, such as manipulating objects
introduced in a documentary program or navigating in a city in a
tourism program. Thus freehand gesture is likely to become more
important for 3D content consumption with interactive TV.

ABSTRACT
Users increasingly expect more engaging experiences in the living
rooms with the growing popularity of 3D TV and interactive TV.
3D content on television has the potential to be more interactive
when combined with the recent development of freehand gestural
interaction enabled by inexpensive sensors. In this paper, we
present a design metaphor based on experience of real life object
manipulation, as well as two design examples of 3D content
consumption using 3D object manipulation and 3D navigation.
Our initial observations and user feedback suggest that users
enjoy using freehand gesture to interact with 3D content on
interactive TV.

Although research has been conducted on 3D interaction with
various input devices and techniques, most interaction techniques
require handheld input devices so cannot be transferred directly to
freehand 3D interaction. To explore new means of enhancing 3D
content consumption, we designed and investigated 3D freehand
gestural interaction with interactive TV. In this paper, we briefly
report a freehand gestural design metaphor, as well as two design
examples of object manipulation and navigation. User feedback
and observations are also reported.

Keywords
Freehand gesture; Interactive TV; 3D interface.

2. RELATED WORK

1. INTRODUCTION

More and more 3D content is available on television, bringing
new challenges and opportunities to interact with such content.
Yuan et al. [22] analyzed the requirements of 3D content
consumption and described several common interactions with 3D
video such as change of view and zoom in/out. Many different
methods could be used for interactive video control, such as
mouse [5, 10], remote controller [14, 20], multi-touch surface [18]
or multimodal interaction [7]. In [19], double hand position and
posture was used with freehand gesture tracking to manipulate 3D
objects. Freehand gesture has also been used for navigation tasks
[16]. Physical objects tracked by 3D cameras can also be used to
interact with content in TV displays [11]. Beyond user interface
design, an interactive framework has been proposed [9], in which
3D content can be created, delivered and consumed through
digital TV broadcasting on different devices.

The popularity of 3D interactive TV brings new opportunities and
requirements for more engaging interactive experiences in living
rooms. There are many different ways to interact with an
interactive TV, and currently the most common input method is
using a TV remote, which usually offers only a limited set of
buttons. Other input methods used for computers or mobile
devices can also be used with interactive TVs, such as keyboard,
mouse, and touch-sensitive displays. However, these input
devices are usually installed close to or even contiguous with the
screen, so they are not suitable for typical use scenarios with an
interactive TV where the user is at a distance from the TV display.
Some televisions provide enhanced TV remotes which can offer
functions similar to a mouse, such as pointing or scrolling, and
mobile devices such as phones or tablets can also be connected as
a remote controller. However, such devices are normally used for
interacting with 2D content and are often difficult to use to control
3D interactive content.

Various input devices for gesture input have also been
investigated with interactive TV. Bobeth et al. [4] tested freehand
menu selection for interactive TV with 4 different designs, and
found that freehand gestures could be an appropriate way for older
adults to control a TV. A selection task was also investigated in
[15]; participants preferred freehand gestural pointing to using a
hand-held pointing device. Drawing different shapes in the air
can also be used to select objects or menu items [1] with
interactive TV, however, certain shapes are not easy to perform
and remember, and have low recognition rates. User defined
gestures for TV were also evaluated in [21]. The results showed
that a pointing action was frequently used and a desktop
interaction style, such as a push in mid-air to simulate clicking,
was observed in many cases. However, there has been some
criticism of gestural interaction, such as arguments that gesture is
a step backwards to command-line interfaces [13], and natural
user interfaces are not natural [12].

Currently, gestural interaction is becoming very popular with
mobile touch screens (e.g. iPhone), hands-on control devices (e.g.
Wii Remote) or freehand motion tracking by a single remote
camera (e.g. Microsoft Kinect). Gestural interaction is also
moving beyond video game control.
Freehand gestural
interaction, which has no need for hands-on input devices and
supports interaction in 3D space, can enable easier and more
convenient “walk up and use” experiences [2] and more active
interaction with TV. For example, rather than simply leaning
Copyright is held by the author/owner(s).
WSICC workshop at EuroITV’13, Jun 24, 2013, Como, Italy.
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Release: Release is the action to remove the relation between the
user’s hand and the virtual 3D content. Again, hints could be
provided to the user, e.g. on how to release the handle.

Although there has been a lot of previous research on 3D
interfaces and interactive TV, most previous research used handheld devices or fiducial markers for gesture tracking;
comparatively little research has investigated the use of freehand
gestural interaction techniques with interactive TV. However,
freehand interaction, especially when enabled by a single
inexpensive camera, is easy to setup and use with interactive TV
in a living room or in a public space, and therefore is a promising
technique for interacting with 3D content and demands more
investigation.

With freehand interaction tracked by a single remote camera such
as Kinect, a larger hand movement range is normally required
because of the low tracking resolution. This means that freehand
tracking may require more physical demand and effort compared
to existing interaction techniques. Another challenge is that the
user currently cannot leverage the movement and rotation of
fingers and wrists with single remote camera tracking [17], so
two-handed operation is required to address the lack of orientation
tracking [3, 19].

3. 3D Gestural Interaction
Jetter et al. [8] argue that a well designed metaphor is needed for
building natural user interfaces rather than symbolic gesture sets,
and direct manipulation is natural. Indeed, as one of the most
common tasks in real life, direct manipulation is easy to
understand and perform. Thus in this section, we introduce a
design metaphor for freehand interaction based on direct
manipulation in the physical world and illustrate it with two
design examples.

For interaction in real life, sometimes too little information is
available to provide complex affordances [6]. For freehand
interaction with digital artifacts, even less feedback is available
than in real life, e.g. lack of tactile feedback and low visual
rendering quality. So more feedback should be provided. For
example, virtual hands could be rendered to reflect the user’s real
hands’ actions, providing a direct mapping between the user’s
hand movements and the 3D digital object.

3.1 Design Metaphor
Freehand gesture tracked by a low cost camera is a very different
input technique compared to desktop input devices and 2D touch
surfaces. Some interaction designs, such as gesturing in the air for
selection and manipulation, may be easy to learn and work well
for freehand interaction [19], however, directly copying
established 2D user interface techniques, such as using a hand
open/close to simulate a button click, may not be a suitable design
for freehand interaction.

(a) Object Manipulation Concept

In real life experience, direct manipulation usually involves the
user’s hands and a target object (Figure 1). We draw on this
experience for a design metaphor for freehand gestural
interaction. When we try to control physical object in the real
world, such as reading a paper or book, we reach out towards the
object to hold it (reach), and move it close to read or turn pages
(operation). Then we release the paper when we finish reading
(release). For freehand gestural interaction with digital 3D
content, we could also use these 3 steps:

(b) Reach (Top View)

(c) Move up (Side view)

(d) Move further
(Top View)

(e) Yaw (Top View)

(f) Change view point
(Top View)

(g) Release (Top View)

Figure 1. Freehand Interaction Metaphor.
Reach: Reach is the action to establish the relation between hands
and 3D object by reaching the hands towards the object. During
this process, hints/feedbacks (e.g. visual, auditory, textual) for
available objects could be provided.

Figure 2. Object Manipulation Design.

3.2 Design Example 1: Object Manipulation

Operation: Operation is the actual action to control and
manipulate the target object after Reach. Hints for the available
actions, as well as real-time feedback for corresponding results
could be provided during this action.

When users watch TV programs or online videos, they may find
some interesting items in the video content. However, even when
a related 3D model is available, it is still not easy for users to
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presented a 3D city model based on the map of Bath and users
could control a broomstick with freehand gestures to fly around as
described in section 3.3. In both cases, participants were shown
the design concept and demonstrated freehand gestural control
first. They then tried the interactions for themselves. The
equipment and setting are shown in Figure 4.

interact with the 3D objects. Here we propose a 3D object
manipulation method with freehand gesture following the
previous design metaphor to enable 3D object manipulation with
TV programs.
To start the interaction, users move their hands in front of the
body to reach the virtual object position (Figure 2.b). Then the
3D object can be operated. Available operations are shown from
Figure 2.c to Figure 2.f:
•
•

•
•

Moving the object up and down by moving hands up
and down (Figure 2.c);
Moving the object further away or closer by moving
hands forwards or backwards. This operation can also
serve as zoom in/out as object appears bigger/smaller
when it is further away/closer to the user (Figure 2.d);
Change object angle by twisting the hands (Figure 2.e);
Change the view point by moving the head position, so
users can observe the object from difference viewing
angles just as they view objects in the real physical
environment (Figure 2.f).

(a) Broomstick Navigation Concept

After the operation, the user separates her hands wider than a
given distance (e.g. 40 cm) to release the object (Figure 2.g).

3.3 Design Example 2: Broomstick Navigation

(b) Reach (Top View)

When users are watching, for example, a geography documentary
or an introductory video of a country or city, the experience could
be enhanced if the users could freely navigate in the space. And
users also increasingly expect more interactive experiences in 3D
urban visualization when planning a trip in an unfamiliar city. To
illustrate such uses of interactive TV, we also designed a freehand
interactive navigation technique.

α

To make the controls simple to understand, we used a flying
broomstick metaphor, which was found to be a familiar concept
for 3D navigation from books and films enjoyed by our
participants. To make the flying broomstick easier to control with
gestures tracked by a single remote camera, we added a
“handlebar” on the broomstick (Figure 3.a), enabling users to put
both hands parallel with their body in order to avoid occlusion of
the user’s hands with respect to the sensor.

•
•
•

β

(d) Turn right (Top View)

Similar to the 3D object manipulation, the default handlebar
position was in front of the user’s body at waist height. To reach
the broomstick handle, users move their hands less than 10cm to
the handle positions (Figure 3.b). The control gestures of the
broomstick navigation are similar to the 3D object manipulation,
and are illustrated in Figure 3.c to Figure 3.e:

(c) Move upwards
(Side view)

(e) Speed up (Top View)

(f) Release (Top View)

Figure 3. Navigation Design.
Feedback from users was positive. Some participants said that
with the gestural manipulation and navigation they felt they could
control the interaction in a very natural way. For example, they
could move their head to control the viewpoint or lean forward to
move faster in the 3D broomstick navigation. They also
commented that freehand 3D gestural manipulation and
navigation were “cool” and they had fun when using the
interaction techniques.

Control the navigation upwards/downwards by moving
hands up/down (Figure 3.c);
Change the navigation direction by twisting the hands
and moving towards one side (Figure 3.d);
Speed up/down by moving the hands forward/backward
to (Figure 3.e).

We also found some challenges for further improvements. For
example, users initially had some difficulties when they tried to
reach objects in 3D space. This was mainly because the user’s
hands can move freely in the air, and there is no tactile feedback
available with freehand gestural input. The visual feedback of
hand position in the depth dimension was not strong enough to
compensate. And for a similar reason, when users performed the
navigation task, it was difficult to stop the navigation in a precise
location because users had to move their hands back to the start
position. These findings suggest that more feedback should be

Similar to the object manipulation; the user separates her hands to
release the broomstick and end the navigation (Figure 3.f).

3.4 Initial Observation and Feedback
Both design examples were presented to completely naïve users
during university open days once a week for 3 months. For the
3D gestural object manipulation, we presented a video on BBC
iPlayer about the introduction of a new nuclear submarine.
During playback of the video, users could use freehand gesture to
“pull” a 3D submarine model from the video and manipulate it as
described in section 3.2 (Figure 4). For 3D navigation, we

178

browsing. In Proceddings of the 9th international interactive
conference on Interactive television, EuroITV '11, 181-184,
2011. ACM.

provided to help guide users’ hand movements in 3D space, such
as enhancing existing visual feedback or adding tactile feedback.

[8] H.-C. Jetter, J. Gerken, and H. Reiterer. Why we need better
modelworlds, not better gestures. In Natural User Interfaces
(Workshop CHI 2010), 1-4.
[9] K. Kaneko, T. Nakamura, Y. Okada, and H. Matsuguma.
Open device control (opendc): human interface device
framework for interactive applications including educational
contents in ubiquitous environments. In Wireless, Mobile and
Ubiquitous Technology in Education (WMUTE), 2012 IEEE
Seventh International Conference on, 122-126.
[10] T. Karrer, M. Weiss, E. Lee, and J. Borchers. Dragon: a
direct manipulation interface for frame-accurate in-scene
video navigation. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems, CHI '08, 247-250,
2008. ACM.

Figure 4. Freehand Interaction Settings.

[11] P.-J. Lee, E. Effendi, and S. Yung-Yen. A 3d interactive
system for 3d display. J. Mob. Multimed., 7(4):285--304,
December 2011.

4. CONCLUSION
A lot of previous research on gestural interaction with interactive
TV has used fiducial markers or handheld devices for motion
tracking. In this paper, we report work aimed at enabling
effective hands-free interaction with 3D content. Without users
holding anything, the human body alone can be an effective input
device, enabling more natural experiences with interactive TV.
Further research includes how to design more effective feedback
to improve the usability of freehand gestures.

[12] D. A. Norman. Natural user interfaces are not natural.
Interactions, 17(3):6-10, May 2010.
[13] D. A. Norman and J. Nielsen. Gestural interfaces: a step
backward in usability. Interactions, 17(5):46-49, September
2010.
[14] M.-C. Park, S. K. Kim, and J.-Y. Son. 3D tv interface by an
intelligent remote controller. In 3DTV Conference, 2007, 1-4.

5. ACKNOWLEDGMENTS

[15] O. Polacek, M. Klima, A. J. Sporka, P. Zak, M. Hradis, P.
Zemcik, and V. Prochazka. A comparative study on distant
free-hand pointing. In Proceedings of the 10th European
Conference on Interactive TV and Video, EuroiTV '12, 139142, 2012. ACM.

This research was supported in part by a Google Research Award.

6. REFERENCES
[1] R. Aoki, B. Chan, M. Ihara, T. Kobayashi, M. Kobayashi,
and S. Kagami. A gesture recognition algorithm for visionbased unicursal gesture interfaces. In Proceedings of the 10th
European Conference on Interactive TV and Video, EuroiTV
'12, 53-56, 2012. ACM.

[16] G. Ren, C. Li, E. O'Neill, and P. Willis. 3D freehand gestural
navigation for interactive public displays. Computer
Graphics and Applications, IEEE, 33(2):47-55, 2013.

[2] H. Benko. Beyond flat surface computing: challenges of
depth-aware and curved interfaces. In Proceedings of the
17th ACM international conference on Multimedia, MM '09,
935-944, 2009. ACM.

[17] G. Ren and E. O'Neill. 3D marking menu selection with
freehand gestures. In IEEE Symposium on 3D User
Interfaces, 3DUI '12, 61-68.
[18] J. Schöning, F. Steinicke, A. Krüger, K. Hinrichs, and D.
Valkov. Bimanual interaction with interscopic multi-touch
surfaces. In Human-computer interaction--interact 2009,
page 40-53. Springer, 2009.

[3] H. Benko and A. Wilson. Depthtouch: using depth-sensing
camera to enable freehand interactions on and above the
interactive surface. Technical report, Microsoft Research
Technical Report MSR-TR-2009-23, 2009.

[19] P. Song, W. B. Goh, W. Hutama, C.-W. Fu, and X. Liu. A
handle bar metaphor for virtual object manipulation with
mid-air interaction. In Proceedings of the 2012 ACM annual
conference on Human Factors in Computing Systems, CHI
'12, 1297-1306, 2012. ACM.

[4] J. Bobeth, S. Schmehl, E. Kruijff, S. Deutsch, and M.
Tscheligi. Evaluating performance and acceptance of older
adults using freehand gestures for tv menu control. In
Proceedings of the 10th European Conference on Interactive
TV and Video, EuroiTV '12, 35-44, 2012. ACM.

[20] M. Tamai, W. Wu, K. Nahrstedt, and K. Yasumoto. View
control interface for 3d tele-immersive environments. In
Multimedia and Expo, 2008 IEEE International Conference
on, 1101-1104.

[5] P. Dragicevic, G. Ramos, J. Bibliowitcz, D. Nowrouzezahrai,
R. Balakrishnan, and K. Singh. Video browsing by direct
manipulation. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems, CHI '08, 237-246,
2008. ACM.

[21] R.-D. Vatavu. User-defined gestures for free-hand tv control.
In Proceedings of the 10th European Conference on
Interactive TV and Video, EuroiTV '12, 45-48, 2012. ACM.

[6] W. W. Gaver. Technology affordances. In Proceedings of the
SIGCHI conference on Human factors in computing systems,
79-84.

[22] H. Yuan, J. Ćalić, and A. Kondoz. Analysis of user
requirements in interactive 3d video systems. Advances in
Human-Computer Interaction, 2012:21, 2012.

[7] D. Hannah, M. Halvey, G. Wilson, and S. A. Brewster. Using
multimodal interactions for 3d television and multimedia

179

Innovating the Classical Music Experience in the
PHENICX Project: Use Cases and Initial User Feedback
Cynthia C. S. Liem

Delft University of Technology
Delft, The Netherlands

c.c.s.liem@tudelft.nl

ABSTRACT
The FP7 PHENICX project focuses on creating a new digital classical concert experience, improving the accessibility of classical music concert performances by enhancing and enriching them in novel
digital ways, In this paper, we present the project’s foreseen use
cases. Subsequently, we summarize initial use case feedback from
two different user groups. Despite the early stage of the project, the
feedback already gives important insight into real-world considerations to make for interactive music content consumption solutions.
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1.

INTRODUCTION

The FP7 PHENICX project (‘Performances as Highly Enriched
aNd Interactive Concert eXperiences’1 ) started in February 2013
and focuses on creating a new digital classical concert experience,
improving the accessibility of concert performances by enhancing
and enriching them in novel digital ways. There are many academic
challenges regarding the handling of multimodal concert data, both
at the side of automatically analyzing the data, as well as providing new interaction and discovery mechanisms for it [1]. Next to
this, there are interesting business cases connected to it, and due to
the societal and industrial embedding of the non-academic project
partners, the project will allow for sustainable end user validation
of developments in these directions.
In this paper, we present a set of initial project use cases:
reference scenarios which are easily understandable to (possibly
non-technical) end user audiences, and illustrate how foreseen
PHENICX academic advances could be integrated and combined
in real-world user settings. They are meant to outline an application agenda for the academic advances of the project, and will be
continuously reﬁned and revised following end user feedback. We
discuss how an initial round of such feedback was solicited and
summarize corresponding outcomes and important notions.

2.

USE CASES

In this section, we will shortly summarize the different initial use
cases of the PHENICX project.
1

http://phenicx.upf.edu
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Digital program notes: Automatically generated, tailor-made
multimedia editorials are offered to prospective audience members,
introducing the concert that will take place. The purpose is to inform, educate and pre-engage, supporting concert anticipation.
Virtual concert guide: Alongside a concert performance, many
information streams are available (e.g. video from different perspectives in the hall, editorial notes, visualizations, musician’s or
conductor’s commentary. . . ). Since audience members cannot consume all these streams at once, the virtual concert guide provides a
tailor-made ‘route’ through all of these streams and possibilities.
Overseeing the music: While a concert performance is attended
or an audiovisually recorded performance of it is watched, more insight is given regarding the temporal development during the performance. Corresponding visualizations can relate to features of
the musical piece (e.g. structure, harmonies, themes) and range
from simple abstractions for non-expert audience to musical score
information for people with musical experience. Alternatively, visualizations can also reﬂect expressive performance characteristics.
Focusing attention and switching viewpoints: While a concert
is attended or its recording is watched, it is possible to focus on
a particular section, or choose a particular viewpoint towards the
stage. Increased visual focus will trigger increased auditory focus,
by intelligently adapting the audio mix. Alternatively, concert audience in a visibility-reduced or acoustically suboptimal seat can
virtually watch the concert from a better-situated seat.
Comparing different performances: In anticipation of a concert, existing alternative performances of a piece can be presented
to raise awareness about typical performance differences or strategies, or (for recording producers) to make a production plan. As a
result of this use case, alternative performances are to be presented
in such a way that it is possible to ﬂexibly switch or cross-fade
between them.
Capturing the moment: During a concert, audience members
can capture personal concert highlights or impressions by making
notes, setting markers at moments they found special, storing favorite viewpoints, etcetera. After the performance, the concert can
be relived based on these personal highlights, and highlights that
were not encountered yet can be newly discovered and captured.
Sharing the magic: Audience members can share personal impressions and highlights (following from Capturing the moment)
with peers, friends, or the world in general, and as such become
‘information anchors’. Especially for ‘outsiders’ unfamiliar with
typical concert ‘rituals’, an anchor with whom they can personally
identify and who speaks their language can help in raising interest in the concert. It is the intention that this way, outsiders can
ultimately become concert audience members in the future.
Joining the orchestra: After a concert registration was made, it
is possible to impersonate the conductor or a musician and create

• Surprisingly, the ESMUC students do not have much interest in sharing concert experiences. At the same time, several
RCO subjects did see the potential of social sharing for attracting new audiences, were enthusiastic about this, and also
would be interested in receiving musicians’ impressions.

an own version of the concert through gestures, which inﬂuence expressive parameters of the performance such as tempo and dynamics. This can be used for entertainment, raising interest and engagement with the music (especially for children), but also to generally
raise awareness of expressive parameters and their inﬂuence on a
music performance, and to allow for own artistic expression.
Editorial support: Behind the screens, producers and editors
are working on creating and facilitating information streams that
will constitute a digital concert experience. For this, they can
strongly beneﬁt from automated technological support, which helps
them in the process of sorting out all possible information (e.g.
through intelligent information segment selections, analyses, annotations and visualizations) and synchronizing all these segments.

3.

• Both the ESMUC and RCO subjects showed concern about
the acceptance of live, on-site implementations of use cases.
While there was general agreement about the usefulness of
the scenarios for off-site situations, especially before and after the concert, there was serious concern that implementing them in a concert hall will provide distraction and loss
of concentration, both for the user and the surrounding audience. In both groups, augmented reality was mentioned
as a possibly less distracting solution than tablet applications (while the latter is an originally intended direction of
the project). However, under a situation in which novel audiences would be targeted in a dedicated non-conventional
concert setting, subjects thought that such on-site solutions,
also involving tablets, could be more acceptable.

INITIAL USER FEEDBACK

Foreseen users for PHENICX technologies both consider end
users, who will undergo the new digital concert experience as audience members, and system users, who support the realization of
the new digital concert experience behind the screens. As for the
end users, we will distinguish between opportunities for music professionals and general consumers, also taking different levels of
expertise and familiarity into account for the latter group.
The Royal Concertgebouw Orchestra (RCO) and the Escola Superior de Música de Catalunya (ESMUC) are two PHENICX consortium members with the status and network to concretely reach
out to such envisioned end users. In the current early stage of the
project, initial feedback rounds on the use cases were therefore already held with potential users connected to these partners.
First of all, an informal feedback round was held at ESMUC involving 10 Sonology students and 2 teachers (some of these also
being active as performing musicians). Next to this, a formal focus group session was held with 13 frequent audience members of
RCO, which apart from assessing spontaneous reactions to the use
cases particularly focused on assessing opportunities and risks regarding the appeal, enrichment and acceptance of novel digital music consumption scenarios. The most important general ﬁndings
from these feedback rounds are as follows:
• The RCO subjects point out that the own exploration of related information to a concert, with immersion in browsing
the web, reading about musicians and listening to relevant
performances, is an essential and much-appreciated aspect
of their concert experience. As such, they like the process
of searching through an abundance of multimedia data, and
would not like all relevant results to be readily presented.
• In terms of visualization, both groups agreed that a simple
time span overview of a piece (e.g. indicating when a piece
will ﬁnish and applause is allowed) would be useful, in particular for novice audience.
• The RCO subjects have particular interest in getting enriched
information on the interpretational choices of musicians. Interest in performance aspects is shared by the ESMUC students. Both groups also strongly support the possibility of
comparing different performances of a piece.
• Apart from entertainment opportunities, the ESMUC students recognize educational opportunities of the foreseen use
cases, and show particular interest in having synchronized
access to information about the score, the musical structure,
and musician interaction during the performance. This last
point was of strong interest to the RCO subjects too. The
Joining the orchestra use case could, in an advanced stage,
be very valuable for the training of conducting students.
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• The RCO subjects consider their concert experience to
mostly be an emotional, focused, individual, isolated experience. This may be a possible explanation why the ESMUC
students are not eager to share their concert impressions, and
is an important aspect to consider regarding side-effects of
practical implementations.
A main initial conclusion from these feedback rounds is that live,
on-site enrichment applications are currently considered controversial, due to fear of distraction of a user and the surrounding audience. Special investigation is thus needed into practical deployment opportunities and optimal presentation forms for these. However, especially for off-site scenarios, there is general support for
the ideas in the use cases, with particular interest in performance
aspects. Finally, personalization strategies should not yield ﬁnal
data selections, but still allow exploration and immersion into the
rich available information sources.
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services, like social TV, demand new interactive methods.
Consequently, manufacturers have created interfaces such as
gesture recognition or mobile applications that emulate the RC for
“Smart TV”. In most cases these applications are closed, and
therefore they are not scalable. That way, applications have to be
developed over many platforms thus increasing costs.

ABSTRACT
This paper presents an interface which allows controlling
interactive contents in Digital TV using mobile devices beyond
the remote control. There is no need for any additional hardware
to modify the middleware of the set-top box (STB). Just a
standard STB which runs interactive applications, the mobile
device and a WLAN connection are required. This interface
allows designing applications using the different mobiles’ sensors
reducing the required lines of code. Also, this interface enhances
the offer of contents from broadcasters. The oRo Azul TV case
study is shown where interaction with some 3D models of pieces
of the Gold Museum of the Banco de la República of Colombia is
allowed.

We present an interface which allows controlling interactive
contents in DTV using mobile devices. This interface can be
integrated in new projects without requiring any additional
hardware or modification of the middleware. We address as well,
the creation of new interactive contents which give more value
than current ones. We also aim to interact with the contents
themselves, not just to select videos, but as catch-up services too.

Interactive TV, mobile devices, interactive applications.

In the following sections we present some related works, our
proposed solution, including a case study and its results, and
finally the conclusions and our future work.

1. INTRODUCTION

2. RELATED WORK

Keywords

The Digital TV (DTV) industry has created interactive
applications which allow users to interact with enriched contents.
These applications run over platforms such as set-top boxes (STB)
or native operating systems on Smart TVs. The broadcasting
sequence of an application is shown in Figure 1. It is based on
Fischer Practical Engineering Guide [3].

Most of related works use mobile devices as a second screen to
present enriched information. However, this is not our purpose.
On the other hand, Pedrosa et al. developed a Multimodal
Interaction Component (MMIC) for SBTVD standard [4]. which,
however, modifies the middleware. It allows connections and
messages exchange. The MMIC is composed of a Communication
Module and an Extended Event Manager. The first one manages
the communication, while the second one parses received events
and notifies them to applications. It uses services as Zero
Configuration Network (ZeroConf) and Universal Plug and Play
(UPnP) to establish automatic device connections. Finally, it
supports strings, accelerometers and voice among others.
Similarly, Cortez et al. present a Multimodal Communication
Platform to connect mobile devices and the Yahoo! Connected
TV platform [1] which focuses on a second screen. They conclude
that a socket-based communication with a simple grammar parser
is enough due to the limited hardware. They also use discovery
services. However, they do not dismiss other solutions such as
cloud-based web-services or manual connection. Because it is a
closed platform, the development is not scalable.

Figure 1: Broadcasting of interactive applications in DTV
(1) The interactive application is included into broadcast
programming. (2) It can be started on the STB, thus the viewer
can interact with the enriched contents using the remote control.
(3) The application requests the external data to back-end servers
using the broadband. (4) The back-end server replies to the STB,
and then it updates the application and the interaction continues.

3. PROPOSED SOLUTION
We worked on a case study called oRo aZul TV (Blue Gold TV in
English). It shows a few gold pieces of indigenous cultures of
Colombia, including descriptions and 3D models. oRo aZul TV is
a transmedia solution for the project oRo aZul developed by
Figueroa et al. [2] The latter project allows users to watch and "to
touch" these pieces through virtual reality and haptic
technologies. These pieces are part of the Gold Museum of the
Banco de la República of Colombia.

Nowadays, the remote control (RC) is the common input device. It
manages a buttons arrangement, thus making interaction limited
by it. Current applications offer few features to keep usability and
simplicity, such as the Electronic Programming Guide (EPG) and
enriched information like weather reports among others [3]. New
Copyright is held by the author/owner(s).
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We designed several interaction techniques for oRo aZul TV using
the mobile device’s sensors to evaluate the interface. Viewers
were notified about how to use their mobile in each scene.

the usage of the interface and the interactive application of
developer and viewers.
For the developer, only 15 lines of code are required to include
mobile devices in his applications. We questioned five developers
about their perception of the interface and they answered that the
usage of this interface is very similar to RC usage, even though it
requires a port number to receive new connections.

Accelerometers are used to browse the menus. The touch screen is
used to rotate the 3D models of the gold pieces. Standard RC
buttons are used to enable comments. Viewers can use the
keyboard available on the device to introduce texts. Figure 2
shows these techniques using the mobile device.

We interviewed five viewers from 20 to 26 years old. All viewers
refused to give an IP address and a port, yet all of them approved
using oRo aZul TV due to its innovative characteristics, specially
related to the 3D models. They considered that interactive
applications should be related to the content of the broadcasting
programming, thus expressing the need for enriched content.
For preliminary quantitative results, we analyzed latency from
video captures, and after a frame to frame study, we concluded
that the response time is enough. Interaction took between 500ms
and 650ms on average to process a received event. A
demonstration video is available at http://youtu.be/P5yzeW2tp60.

Figure 2: Proposed interaction. (a, b) Accelerometers are used
to browse the menus. (c, d) Touch screen controls the 3D
models rotation. (e) Mobile’s keyboard is use to introduce text.
(f) Buttons are used to emulate the RC.

5. CONCLUSIONS AND FUTURE WORK
Broadcasters should provide better enriched contents such as the
oRo aZul TV case study beyond the EPG. Additionally, new
cultural and educational services are relevant and should be more
popular than the marketable ones.

We start from a client-server architecture. The client is a native
application executed on a mobile device, while the server runs on
the STB enclosed in an interactive application. Based on the
broadcasting sequence, we use the WLAN to connect both parts.
Then, the device generates and transmits interactive data to the
STB. The interaction is driven by events. Asynchronously, the
mobile application handles all sensor events and notifies them to
the main DTV interactive application using the defined protocol.

This interface does not require the use of any additional hardware
or modification of the middleware of the STB. Only a standard
STB which runs interactive applications, a mobile device and a
WLAN connection are needed. In addition, the number of lines of
code required to include mobile devices is small in contrast to the
benefits obtained by replacing the RC, due to its reusable software
nature. It represents a reduction in complexity in the development
stage.

For the server, we propose an interface which manages all the
interaction events. Additionally it can be integrated in several
projects simplifying the usage of mobile devices, given that it is
not necessary for viewers to neither modify the middleware on the
STB nor use additional hardware.

On the other hand, it is desirable to implement this interface in
other interactive standards such as HbbTV or Ginga. A special
challenge is to extend this approach into other broadcasting
platforms.

At runtime, the server runs in a separate thread to continue the
execution. Before it starts, the main application specifies the
required data types and their configuration, and it ensures
notification when the external device does not support them.
Next, the server waits for connections. Then, a Device Manager is
created in a new thread. After that, it notifies each received event
to the application. All the notifications are supported by listeners
which have handler functions to react according to the
application’s requirements.

6. ACKNOWLEDGMENTS

Our special thanks to Sena – TecnoParque Nodo Bogotá for
allowing us to develop and test this project in their laboratory.

7. REFERENCES
[1] Cortez J., Shamma D. and Cai L. (July 2012). Device
Communication: A Multi-modal Communication Platform
for Internet Connected Televisions. In Euro iTV’12. ACM.
Berlin, Germany.

The usage of the proposed interface can be reduced to three steps:
(1) Include the interface library in the project. (2) Create an
instance of the library giving the listening port number. (3) Use
the callback function for all interactive events.

[2] Figueroa
et
al.,
oRo
aZul
http://imagine.uniandes.edu.co/MuseoOro/ , January 2012.

We defined four supported data types based on the information
provided by the common mobile sensors. These types are:
GenericDataType, Button, Multidimensional Number and Text.

[3] Fischer W. Digital Video and Audio Broadcasting
Technology – A Practical Engineering Guide. Third Edition.
Springer. 2010.

4. RESULTS

[4] Pedrosa, D., Martins, J., Melo, E. and Teixeira, C. 2011. A
Multimodal Interaction Component for Digital Television. In
SAC'11.
ACM.
1253
1258.

We designed and developed a mhp version of the interface. By
using questionnaires and videos, we evaluated the perception on

183

An Interactive Second Screen Platform for Broadcasting∗
Mike Matton

Bob De Wit,
Peter Versieren

mike.matton@vrt.be

{bob,peter}@okeez.com

Vlaamse Radio- en
Televisieomroeporganisatie

Okeez

Koen Willaert

Vrije Universiteit Brussel
SMIT

koen.willaert@vub.ac.be

ABSTRACT
This demo paper describes a novel demonstration platform
for interactive second screen applications. It describes a general architecture of the platform and presents several demonstration applications that have been implemented.
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1.

INTRODUCTION

With the exploding number of multimedia-enabled consumer devices, the ﬁght for the attention of the consumer is
intensifying. All kinds of content providers try to gain this
attention. For a broadcasting company such as VRT, the
importance of reaching the consumer through a variety of
platforms is getting ever more important. Many strategies
are being tested and rolled out.
One of these strategies is the development of second screen
applications, i.e. applications that are available on mobile
devices and that extend the content that is available on the
main television screen. These second screen applications
however suﬀer some drawbacks: it is diﬃcult to synchronise
them with the main tv content, most applications are custom
developed and thus expensive etc.
In this demo paper, we present a platform for synchronised second screen applications. This platform consists of
a front-end application for mobile devices, a broadcast synchronization and meta push service, and a back-end application for programme creators to prepare their second screen
content.
In section 2, the general architecture of the platform is described. Three demo applications are presented in section 3.
This paper wraps up with a conclusion and some pointers
for future work in section 4.

2.

Figure 1: General architecture of the proposed platform.

In the middle part of the ﬁgure, the play-out servers are
shown. On top is the traditional broadcast play-out which
streams the media to the clients. Connected to it is the
meta server. The meta server is responsible for the play-out
of the second screen content attached to the main broadcast
play-out.
On the right hand side are the play-out devices themselves. These consist of a television screen or another screen
that is able to play the broadcast stream. Next to it is the
second screen play-out device. These are usually mobile devices such as tablets or smartphones. The application on the
mobile device is responsible for keeping the second screen
content in sync with the main broadcast play-out. This
application is also able to communicate with the television
screen itself. Currently this synchronization is performed
by looking at the content ID and timecode provided in the
broadcast stream, but other techniques such as audio watermarking or ﬁngerprinting also could make it possible to
synchronize the devices.
In the next section, we will present the diﬀerent demonstration applications that have been implemented upon this
architecture.

GENERAL ARCHITECTURE

The general architecture of the demonstrator has several
components. An overview is shown in ﬁgure 1. On the
left hand side is the content production consisting of live
production, static (linear and on-demand) content, and a
metadata editor for producing second-screen content.
∗This work is partially funded by IWT 120171.
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Next to the general architecture components, three applications have been worked out in detail: the mobile device
application and backend timeline editors for live and prepared second screen content generation.
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DEMO APPLICATIONS

Figure 2: Front-end views EPG and remote control.

Figure 4: Back-end timeline editor.
a seamless and user-friendly way in a non-live environment.
An example of this backend editor is shown in Figure 4.
Director app: A ﬁnal available app is the director app.
It allows directors and programme creators to transmit synchronized second screen events in a live broadcast environment.

4.

3.1

Front-end application

The front-end application that is able to run on most
smartphone and tablet devices has several functionalities.
First, it serves as a program guide. It currently consists
of a linear list of currently available content, but it supports
many kinds of program guides including personalized program guides by recommender systems. As the application
also communicates with the main tv device, the channel can
be changed to show the selected content. This is shown on
the left hand side of Figure 2.
The application also serves as a remote control for the
television device. Based on the available functionalities of
the television device API, several controls are visible, including volume control, channel switching and playback/pause.
One possible layout of the remote control is shown on the
right hand side of Figure 2.
The third main function of the app is the playback of the
second screen and interactive content. Any kind of thirdparty web app can be loaded in the interactive panel. The
encapsulated web app receives timeline events from the interactive host app, and can communicate with its host, the
TV, and even other smart devices running the host app using a bi-directional, event-driven API.
Several types of second screen functions can be demonstrated: providing extra related audiovisual content, a quizalong function and a poll/vote screen including emotional
assessment. Two possible screen are shown in Figure 3.

3.2

FRONTUTURE WORK

In this demo paper, we have presented a novel platform
for second screen content synchronisation which is demonstrated by several implemented components.
We intend to extend the work presented in this paper in
several ways: capturing user consumption habits and personalising the program guide by using recommendations,
provide intuitive applications for second screen events in a
live context. We also intend to explore providing interfaces
of the backend to diﬀerent media production tools and API’s
such as A/V mixers, editing systems, cameras using available broadcast standards in order to integrate the platform
in existing broadcast workﬂows. Moreover this demonstrator ﬁts in the larger European research project on empathic
products where the goal is to capture emotions and intentions from (media) consumers and exploit them to create
better products [2, 1]. Real empathic products are products that can respond to demand of consumers at any time,
taking into account the emotional context of the consumer.
This platform will also allow to collect empathic data and
generate personalised content for individual consumers. The
platform will serve to demonstrate this future research results in the project.

Figure 3: Front-end views 2nd screen.
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Back-end applications

Timeline editor: The second application developed for
this demonstrator is a backend timeline editor. Using this
editor, a program creator can link speciﬁc second screen
events (related video, quiz along, poll) to the main content in
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network such that the GSR data were sent directly to a laptop.
This ensured the synchronization of all GSR readings. Cameras
recorded the audience and the performance. Video streams were
synchronized (post production) with GSR data.

ABSTRACT
During a live theatre performance, Galvanic Skin Response (GSR)
of 15 audience members was measured simultaneously and
synchronized with video footage of performers and audience.
Questionnaires explored emotions evoked during the play. The
research is part of an EU Framework 7 program to support remote
and interactive performances.

Student actors devised a 28 minute comedy play that was aimed at
audience participation and produced occasional audience
“shocks” (e.g. popping balloons) to elicit the occurrence of GSR
spikes during the performance.

Keywords

Before the performance participants filled out a short
questionnaire about the type and intensity of emotions they had
experienced during the day. Afterwards, participants filled out a
questionnaire about emotions experienced during the play.

Human Factors; psychology; GSR sensors; performance arts

1. INTRODUCTION
One of the aims of the Vconect program [5] is to support the area
of interactive mediated performance through videoconferencing
technologies, featuring automated editing (orchestration) and
composition of multiple live audio-video streams onto multiple
screens based on cues originating from directional audio, face
detection and physiological sensors. Currently, live performances
are reaching a wider audience by streaming to cinemas and
audiences at home [3]. However, there are no possibilities for
remote audience feedback.

The participants were seated in three rows of five seats each
arranged in a semi-circle around the stage. GSR modules were
attached to the palm of the right hand. In a meditation exercise
participants were asked to relax for five minutes such that a
baseline GSR measurement could be established.
Questionnaires ratings and GSR readings were analyzed using
ANOVA, correlations and Multi-Dimensional Scaling (MDS).
The synchronized GSR and video streams enabled us to relate
events during the performance to events in the GSR readings.

Galvanic Skin Response (GSR) measures excitation of the
sympathetic nervous system and has been applied to measure
audience engagement [4,2]; usually experiments in which a single
person watches a video recording of a performance. We measured
simultaneously the GSR of 15 people watching a live theatre
performance. The readings were synchronized with video
recordings of the performance and the audience. The audience
filled out questionnaires aimed to evaluate the emotions that the
performance evoked.

3. RESULTS
We found that GSR readings of ten participants correlated closely
(on average r = .86, p<.01), showing an initial rise in GSR
followed by a flattening towards the end of the performance.
Spikes were identified that corresponded to the intended
“shocks”, e.g. balloon popping. Five participants displayed
different patterns: two showed an initial rise in GSR followed by a
decrease; two showed an initial lack of rise in GSR followed by
an increase and one participant displayed a consistent drop in
GSR. We derived a MSD-solution on the inter-correlations of
GSR readings across the performance (Figure 1). For each minute
the GSR readings were averaged for each participant. Here MDS
yields an unfolding chronologically (anti-clockwise in Figure 2)
up to minute 19. Using the video footage we were able to identify
the clusters based on the content of the performance.

2. METHOD
Seven Females (mean age 28.29) and eight males (mean age
23.13) took part in the experiment. They were the audience for a
short theatre performance and their GSR was monitored
throughout.
The GSR measurement system consisted of 15 GSR sensors. Five
sensors were connected to three Arduino 1 UNO boards (sample
rate 1Hz). Xbee 2 RF modules were used to create a wireless

The analysis of the questionnaire resulted in a range of interesting
findings. For the purpose of this poster we restrict these to
findings with a direct relevance to GSR data.
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The minute average GSR readings correlated positively with
participants being (very) cheerful (on average r = .619, p<.05) and
correlated negatively with participants being sad (on average r = .595, p<.05) at different stages of the performance, in particular
from minute 16 onwards the average GSR readings showed strong
correlations with audience’s “Cheerful” ratings.

4. DISCUSSION
This poster shows a system we developed to measure GSR of 15
people simultaneously as they watched a short comedy live. Video
recordings were synchronized with the GSR readings to link
particular GSR events to the live theatre events. In addition we
analyzed questionnaire responses about the play in conjunction
with the GSR data.
We found that GSR readings of most of the audience were closely
correlated, following a curve where in the initials stages readings
were low and as the play progressed this increased steadily, most
likely reflecting an increase in engagement with the play across
time. Questionnaire analysis suggests that Cheerfulness and
Enjoyment were the main (more) emotional components linked to
the GSR data. Questionnaire data complemented GSR data and
helped to identify outliers in the audience who for different
reasons were less engaged with the play.

Fig 1: Audience clusters for raw GSR data

It is possible to scale-up GSR measurements of a co-present or
remote audience during a live performance by using wireless GSR
“wristbands”, e.g. to use the aggregate response of those who are
deeply engaged in a performance to provide visual, auditory or
even haptic feedback to performers. In addition such a larger scale
system opens up a range of creative possibilities which could play
to the strength of Vconect’s composition and orchestration
technologies. There are small scale examples of such applications,
e.g. using brainwave sensors to alter a narrative [1]. In addition,
the easily replicable GSR system as well as our method of using
synchronized video streams and questionnaires to complement
GSR data is a powerful tool for further audience research.
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ABSTRACT

2. INTERACTIVE RENDERING

The demonstration described hereafter covers technical work
carried out in the FascinatE project [1], related to the interactive
retrieval and rendering of high-resolution panoramic scenes. The
scenes have been captured by a special panoramic camera (the
OMNICAM) [2] with is capturing high resolution video featuring
a wide angle (180 degrees) field of view. Users can access the
content by interacting based on a novel device-less and markerless gesture-based system that allows them to interact as naturally
as possible, permitting the user to control the rendering of the
scene by zooming, panning or framing through the panoramic
scene.

The technical demonstration will show how panoramic content
can be rendered on various types of consumer displays. Basically,
the consumer will be able to interactively choose her or his preferred region of interest (ROI) as a free view point sub-picture out
of the panoramic scene. Sub-picture in this respect implies that
the user display shows a specific portion out of the panoramic
scene. The portion out of the scene for the ROI-window (zoom-in
and zoom-out) as well as the position of the ROI-window (pan
and tilt) can be freely chosen and modified. The viewer will not
only be in a position to interactively move around in a panoramic
scene, moreover she or he will be able to link the ROI-window to
a specific event or a dedicated subject of the scene (e.g. player or
ball in a football match), forcing the ROI-window to automatically follow the object of his preference.

Keywords
Panoramic content rendering, region of interest, free view point,
sub-picture, gesture control, head and hand tracking, depth estimation.

The technical implementation of this content rendering feature has
been studied and developed by Technicolor Research &
Innovation, Hannover. The demonstration will show the real-time
rendering capability which will allow for a free view-point
navigation in a panoramic scene. The captured scenes have been
shot in the course of the FascinatE project and cover several
genres ranging from sport events to orchestral and choreography
performances.

1. INTRODUCTION
The variety of available end terminals require nowadays a formatagnostic production to prepare the content best suited to all.
Format agnostic production means that the capture of audio-visual
content will not be performed in the same format as it will be
displayed and rendered on the receiving device. FascinatE
terminals and services will supply interactive, personalized visual
perspectives to enrich the user experience. Content navigation like
pan, tilt and zoom (PTZ) allows the user to enjoy a real immersive
experience beyond simple channel switching. Hence, special
technical solutions are required in order to facilitate the retrieval
of images on consumer type displays having less resolution and
also not providing an aspect ratio and geometry which matches
the panoramic scene format [2].
Furthermore, the availability of these new interactions with the
content, such as gesture-based pan, tilt, and zoom navigation,
which are enabled by format-agnostic rendering, open up new
challenges in user interaction. Performing these interactions
naturally might not be very easy and intuitive by using general
devices like remote controls. Therefore, new devices or
mechanisms need to be studied in order to facilitate the interaction
with the format-agnostic representation.

Figure 1. Examples of different Regions of Interest (ROI)
within a panoramic video stream.

3. GESTURE CONTROL

This demonstrator showcases a device-less and marker-less
gesture recognition mechanism based on a Kinect sensor. The
gestures allow the user to perform interactions such as selecting
menus presented on the screen or navigating through the highresolution panoramic views of the scene.

It became obvious that this form of novel interactive content consumption will ask for new and innovative means of audiovisual
screen interactions. Because one major scope of the FascinatE
project was also to push for the paradigm shift from lean-back
passive TV consumption towards lean-forward interactivity, special investigations and user studies have been carried out on the
question on how to control such interactive content consumption.
One proposed solution is an approach of gesture controlled user
interaction.
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processing, detection and recognition algorithms take place [3],
[4]. The second layer is composed of a head tracking, where the
depth image (obtained in the capture module) is analyzed to detect
heads, a face recognition component where users of the system are
identified, a hand tracking component, where dynamic gestures
(gestures performed with moving hands) are recognized, and a
gesture localization component, where static gestures (gestures
performed with still hands) are detected. Finally, the third layer of
the architecture contains the application control. This layer is
responsible of acquiring all the detections and tracking
information obtained by the components in the middle block
(head, hands, user recognized and classified gestures) and
mapping them into the functionality previously listed.

The Universitat Politècnica de Catalunya (UPC) developed for
this purpose a fast and robust head and hand tracking algorithm
using depth information from a range sensor, allowing interactive
and immersive applications. This functionality is used to control
the real-time rendering platform developed by Technicolor with
interaction commands like pan/tilt/zoom navigation and audio
control commands.
In particular, the gesture demonstrator supports the following
functionality to the user:
x Selection of items by pointing at an overlaid menu on the
screen.
x Navigation through the panorama scene by panning, tilting
and zooming in the content.

In the demonstrator, the gesture control system runs in real-time
using basic hardware, an 8 CPU laptop and a single Kinect sensor
as the input for all algorithms.

x Change between the available ROIs in the current scene.
x Pausing or resuming the content replay.
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Figure 2. Architecture of the gesture recognition system.
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The gesture control is divided into three main layers (Figure 2). In
the first layer, the capture component is responsible of communicating with a single Kinect camera and feeding the images into the
system. The second layer is the core of the interface where the
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ABSTRACT
This demo showcases a Virtual Director software for automatically selecting, framing and cutting between camera
shots. The Virtual Director exploits several sources of information to reason for multiple viewers in parallel. The
system is built with an approach that allows it to operate
within real-time constraints. It uses a rule-based decision
making approach which executes a set of generic and domain
speciﬁc rules. Two diﬀerent content sets from the domains
of soccer and dance performance are used to demonstrate
the applicability of automatic camera selection in diﬀerent
domains. The demo lets users experience the quality, potential and limitations of automatic camera selection. By
experiencing the demo, the audience can understand challenges in automatic broadcast production and is invited to
reﬂect on further application scenarios.

Keywords
Virtual Director, camera selection, live broadcast production, event processing, rule-based behavior

1.

INTRODUCTION

Traditional live event broadcast productions typically utilize multiple cameras and their output frames only a single
view on the scene they capture. Camera selection — the
decisions when and how to cut — is performed by highly
skilled professionals, in cooperation with directors, camera
operators and further roles of the production workﬂow. The
result is a single output stream where every viewer gets the
same content.
A fundamental research challenge to progress towards interactive TV, and to support a higher degree of interaction and personalization, is to automate the view selection
process. We present a Virtual Director software, developed
within the FascinatE1 project, aiming at automatic decision
making for multiple viewers in parallel (further technical
details in [3]). By enabling now forms of personalization
in consuming live content, such software components have
the potential to lead to more immersive user experiences, to
unlock new content consumption paradigms, to increase the
level of freedom for viewers in inﬂuencing the selection of
1

http://www.fascinate-project.eu/
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what they see, and to save production cost by supplying for
a number of playout channels in parallel.
The FascinatE system [4] is an interactive event broadcast
system that aims to automate camera selection and reasons
for a range of viewers in parallel. It allows them to both
watch what’s automatically directed by its Virtual Director
or to interactively navigate around an ultra-high resolution
video panorama. FascinatE uses the OMNICAM [5], a collection of 6 HD cameras sharing a single optical centre, for
obtaining a 180◦ panoramic video sequence with 6984 x 1920
pixels stitched together in real-time.
Using a comparable approach, a system for enhancing
group videoconferencing has been built [2].

2.

APPROACH

The Virtual Director of the FascinatE system is a distributed component that takes inputs from various channels
into account to eventually come up with live decisions on
which camera shots/views to show to each individual viewer,
when to cut, and how to follow moving objects smoothly.
It is called Production Scripting Engine (PSE). To be able
to make reasonable decisions, the engine needs knowledge
about the production domain as well as information about
what is happening in the scene. Content analysis modules
inform the Virtual Director as they produce real-time event
streams of low-level descriptions of the scene such as person tracks [1] or visual saliency measures for regions of the
panoramic video stream. These events are fused with live
annotations, i.e. high-level semantic concepts which are entered by the professional production team. The professionals
may also annotate moving cameras: zoom in, zoom out, and
camera pans.
The production grammar, the Virtual Director’s rule-based
behavior deﬁnition, must be deﬁned for each production domain. The demo showcases content from a soccer match and
a large dance performance. In a nutshell, the production
rules for the soccer game focus on the game’s central action
around the ball and bring interesting side line actions to the
viewer without missing important actions on the ﬁeld. In
such a sports game, a lot of meaningful events occur which
help the PSE to make reasonable decisions. Live annotations
entered by professionals correspond to events happening in
the scene, e.g. an injury, a foul or a goal.
In the dance performance domain, we found it more diﬃcult to deﬁne and extract useful high-level concepts. Therefore, we applied the approach to utilize manually annotated
virtual cameras candidates (crops of the full panorama) in
real-time to a larger extent instead, i.e. static virtual cam-

Figure 1: Still from a dance performance directed by Sasha Waltz with the Berlin Philharmonic Orchestra
(2012). Virtual camera crops (highlighted) are framed dynamically within high-resolution panoramic video.
By reasoning with sensors and manual annotation, production behavior selects the most interesting shots
and deﬁnes how and when cuts are made.
eras, zoom-in or zoom-out virtual cameras, or virtual cameras moving from A to B. Several cameras candidates might
be available at the same time and the PSE continuously selects from them to cover the action and aims meet some
cinematic principles in doing so.
The behavior of the PSE is completed by a set of generic
production rules which cover mainly visual grammar. They
include cinematic principles which might constrain or contradict the domain speciﬁc rules. In our approach, contradicting behavior must be resolved manually as part of the
behavior engineering process. The interplay of all rules ultimately deﬁnes how the PSE is framing virtual cameras, how
camera movements are smoothed, when cuts and transitions
to other cameras are issued etc.

3.

DEMO

The demo allows to switch between the two content sets of
diﬀerent genres. The ﬁrst set is a sequence of 6 clips showing highlights from a 2011 soccer match Chelsea vs. Wolverhampton. Those scenes highlight how the PSE reacts to
events within and oﬀside the central action. The second set
of content shows a dance performance of the Carmen Suite
by the Berlin Philharmonic (see Figure 1). Both scenes were
recorded using the OMNICAM [5]. During replay, a syncing mechanism aligns the streaming of metadata, decision
making and content rendering processes.
A key factor in enabling a personalized experience where
viewers may watch diﬀerent parts of the scene is the fact
that panoramic video covers the whole scene all the time.
The Virtual Director aims to exploit that, however, a lot
of research questions remain in interaction design on how
to create the best possible viewer experience based on that.
This integrated demo is part of a larger live broadcast system that addresses a number of research questions in the
realm of low-level feature extraction, scene understanding
and decision making within tight temporal constraints, and
improvements in those aspects should further support the
overall experience.
While in this demo, the quality of the Virtual Director’s
decisions lack the narrative creativity of an experienced human director, the prototype reveals the potential of innovative features in contrast to traditional live broadcast TV.
The demo lets the audience experience the quality of automatic camera selection to seed thoughts about both its
potential and limitations, allows to see the eﬀect of tweaking preferences, and to understand the complexity of such a
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system that comprises several parts of an automatic broadcast production process. The prototype demonstrates the
ability to oﬀer individual video streams that respect domainspeciﬁc user preferences. Automation and parallelization enables a range of innovative features that could lead to new
content consumption paradigms. Research questions remain
on how to increase the quality of automatic camera selection
decisions with justiﬁable behavior engineering eﬀort.
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Currently, the Fascinate project works towards an overall system
demonstration where live capture of ultra-high resolution
panoramic video content is processed and delivered in real time to
a variety of end-terminals.

ABSTRACT
Within the EU FP7 FascinatE project a system for interaction with
panoramic ultra-high resolution video has been developed. In this
paper, an overview is given of this system from a delivery network
point of view. By using the concept of Tiled HTTP Adaptive
Streaming (Tiled HAS), the end user can be presented with an
immersive and interactive ultra-high resolution video content
experience, while network and processing capabilities of the enduser device are taken into consideration. Two demonstrators are
proposed that showcase the capabilities and possibilities of the
system for interaction with content when using both a standard
HDTV set and a tablet as end-user device.

3. SYSTEM OVERVIEW
A simplified overview of the network architecture is given in
Figure 1. The individual components and their connections are
discussed in the subsequent sections. For a more in-depth
description of these individual components, refer to [5].

Keywords
Immersive media, ultra-high definition, panoramic video, media
aware networking, tiled streaming, MPEG-DASH.

1. INTRODUCTION
Within the EU FP7 project FascinatE [1] a capture, production
and delivery system capable of supporting interaction, such as
pan/tilt/zoom (PTZ) navigation, with immersive media has been
developed by a consortium of 11 European partners from the
broadcast, film, telecoms and academic sectors. The output is
adapted to the end-user’s device, ranging from a mobile handset
to an immersive panoramic display. At the production side, an
A/V capture system delivers a so-called Layered Scene
Representation (LSR), i.e. a multi-resolution, multi-source
representation of the audiovisual environment [2]. Intelligent
networks with processing components are used to repurpose the
content to suit different device types and framing selections.

Figure 1 - Simplified overview of the Tiled HAS network
delivery architecture

Layered Scene Representation (LSR)
Provides a set of ultra-high definition audiovisual (A/V) data
produced to support immersive applications.

A/V Ingest
Uses a form of multi-resolution tiling [6] such that the source
video frame is split into multi-resolution tiles. A multi-rate
encoder processes each tile resulting in media delivery units that
we refer to as segments.

One of the developments made within the project is a tiled video
delivery testbed, in which we have developed and evaluated
several aspects of Tiled HTTP Adaptive Streaming (Tiled HAS)
[3], which leverages the advantages and flexibility of HAS
solutions such as HTTP Live Streaming and MPEG-DASH, with
the tiling of ultra-high resolution video panoramas. In this paper
we describe the system components necessary for such a
framework and propose two demonstrators for advanced content
interaction.

Segment Server
Receives the multi-rate encoded segments and has two functions:
1) Tiled HAS delivery to renderer nodes and 2) providing a
signaling framework for asynchronous real-time communication.
[7] provides a more detailed description of Tiled HAS. The
custom signaling framework (missing in the current streaming
technologies like MPEG-DASH) is used for real-time updates
regarding the LSR and user interactions. This framework is based
on the WebSocket standard, part of the HTML5 standard.

2. PREVIOUS WORK
A good overview of the entire system and all its subcomponents
and achievements is given in [4]. [5] provides an in-depth
description of the current delivery network architecture, detailing
on real-time A/V ingest, processing and tiled streaming to enduser devices.

A/V Renderer
Requests a Tiled HAS manifest file to retrieve the required
segments from the segment server. Using this information, the
region of interest (ROI) can be retrieved from the network, scaled
to both the display and network capabilities of the A/V renderer.
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demonstrated the possibilities of an accompanying Signaling
Framework for out-of-band peripheral data exchange between
segment server, renderer and UCN.

User Control Node
Enables the interaction with the content in a first or second screen
fashion. In the first case, the UCN is both the renderer and
controller. In the second case, the UCN is used as a second screen
device, the signaling framework is used to relay communication
between the renderer (e.g. a TV) and the controller.

Due to a common tiling format, the existing implementations
presented in our earlier work, are now easily combined to create a
hybrid implementation, capable of real-time conversion of
Pub/Sub transport to Tiled-HAS based transport, allowing the
delivery of high resolution panoramic video over both managed
networks towards high-end devices, as well as over unmanaged,
over the top delivery, to mobile and fixed devices connected to
the Internet.

4. DEMONSTRATORS
According to the architecture described in section 3, two
demonstrators are presented: 1) pre-processed content and pcbased play out, 2) pre-processed content and tablet-based play
out. They are discussed in section 4.1 and 4.2 respectively, and
will be shown during the workshop.

In future work we will investigate the possibilities of different
spatial segmentation strategies (e.g. using overlapping tiles) and
the impact of different Web Servers (e.g. Nginx vs. Apache2) and
HTTP protocols (e.g. HTTP 1.1 vs. SPDY). Furthermore, we will
investigate the possibilities of adding tiled segmentation to the
current MPEG-DASH standard. Finally, we will investigate how
all communication within the platform could be implemented
using WebSocket PubSub opposed to the current point-to-point
communication.

4.1 Pre-processed content pc-based play-out
In this demonstrator (Figure 2), pre-processed ultra-high
definition content is displayed on a regular HD TV connected to a
client laptop. This client laptop receives the requested video
content via Tiled HAS over a Local Area Network, while one or
multiple end users are able to interact with this content in real
time using any number of UCNs, e.g. a tablet provisioned with the
custom controller app. This app allows the user to have a free full
3D control (pan, tilt and zoom) over the viewport of the
panorama. The platform shows high responsiveness to the user
interaction and, using the signaling framework, the user can
subscribe to and view additional video feeds on his UCN when
available. In this demonstrator, the panorama is only shown on the
primary (TV) screen.
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about which set of standards is the best bet. So this workshop
intends to bring some issues in focus:

ABSTRACT
This paper describes a full day workshop taking place at the 11th
European Interactive TV conference (EuroITV 2013), Como,
Italy, on June 24th, 2013, in conjunction with the workshop on
Multi-User Services for Social TV, MUSST.

x

Issues and bottlenecks: usability, synchronization
(media and/or application), content creation including
debug, content adaptation to device size and input
methods…

x

Standards: W3C (WebIntents, Network
Discovery, Sysapps), HbbTV, ETSI, …

x

Platforms: (closed/native) iOS, Android, (open/web
based) webinos, Coltram, …

x

Authoring/production tools: few existing tools if any,
what is needed ?

x

Deployments and real-life experiences, including new
innovative usages of the second screen.

Categories and Subject Descriptors
H.5.2 [Information Systems]: INFORMATION INTERFACES
AND PRESENTATION (I.7) – User Interfaces (D.2.2, H.1.2,
I.3.6); H.5.4 [Information Systems]: INFORMATION
INTERFACES AND PRESENTATION (I.7) –
Hypertext/Hypermedia (Architectures)

General Terms
Algorithms, Economics, Experimentation, Human Factors, Legal
Aspects, Security, Standardization.

Keywords

Service

This workshop aims at facilitating exchanges around Multiscreen
applications, creating a community of interested parties, from the
TV industry, from the mobile world, from the Internet, and is
relevant to application developers and designers, human computer
interface specialists, platform developers, TV channels, standard
gurus, etc, for the purpose of developing common interests, for
example to create a W3C Community Group around MultiScreen
Apps.

distributed interfaces, home network, multiscreen, television.

1. INTRODUCTION
This paper describes a full day workshop taking place at the 11th
European Interactive TV conference (EuroITV 2013), Como,
Italy, on June 24th, 2013, in conjunction with the workshop on
Multi-User Services for Social TV, MUSST.

Attendance is not limited to contribution presenters, but
submitting a written contribution is highly recommended, in one
of the forms described below.

2. MULTISCREEN
“Multiscreen”/”Second Screen”/”Companion Screen” are both
buzzwords and a holy grail: there is a lot of hype, and behind it,
tremendous unrealized potential. Beyond silos that penalize the
domain of multiscreen with extreme business restrictions, there is
a need for open standards and platforms, as well as matching
production tools. But even in the W3C, the picture is unclear

3. TOPICS

Copyright is held by the author/owner(s).
EuroITV’13, June 24–26, 2013, Como, Italy.
ACM 978-1-4503-1951-5/13/06.
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x

Multiscreen issues and bottlenecks;

x

Multiscreen-related standards;

x

Multiscreen platforms;

x

Multiscreen apps development and production tools;

x

Multiscreen deployments and real-life experiences;

x

Business models for multiscreen applications;

x

Security issues with multiscreen apps.
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Abstract. In this paper our goal is to explore the opportunities and bottlenecks
of interactive second screen applications for children (age 6-12). By means of a
qualitative pilot study we revealed several preliminary findings regarding the
usability and user experience of a prototyped drawing application. Furthermore
we found some determinants for feedback when implementing such an
application in an interactive TV-format.

1 Introduction
The research discussed consists of an explorative study with nine children based on a
prototyped second screen drawing application developed by a Public Service
Broadcaster (PSB). Our goal was to investigate the opportunities and bottlenecks of
this second screen application (aimed at children aged 6-12). First we explored the
overall perception of the prototype in terms of usability and user experience (UX).
Secondly we investigated how children desired to use this application in an interactive
TV-format and which degree of feedback would be well suited in such a setting.
The evolution of interactive television concepts from pseudo-interactivity and redbutton voting to the recently introduced interactive secondary screen applications
brings along new opportunities for both viewers and broadcasters. Notwithstanding
there is a discrepancy between television as a passive lean-back medium and second
screen devices that require an active lean-forward usage from the audience [1].
Whereas the aim of such applications is to extend and intensify the primary screen
experience, viewers often perceive them as interruptive [2]. Fleury et.al. [3]
described “synchronization and relevance of content, variety in information sources,
filtering of user generated content and personalization of information” as
insurmountable factors to ensure the success of such applications.
Besides it has to be noted that multiscreen interactivity is highly dependant on the
format [4]. Popular children programme formats often already entail a form of
pseudo-interactivity (e.g. Dora The Explorer) in which children are actively involved
in the programme rather than watching it in a lean-back manner. Therefore we expect
a PSB children’s channel to benefit from interactive second screen applications: not
only to bridge their viewers’ disparity in age and gender when primary content fails
to; but also to foster comprehension, attention and enjoyment by boosting viewer
participation [5].
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2 Why children love tablets
Recent findings illustrate a surge in tablet use by children. Nowadays one in four
Flemish households (27,7%) [6] own tablets and almost half of the children in these
households get access to these devices [7, 8]. Tablets are family devices with a userfriendly architecture whose popularity with children expands rapidly. Both
technological and content related factors contribute to this. First, tablets unify action
(tapping) and perception (viewing); and as such better represent the physical world
[9]. Secondly, their large screens, lightweight design, short start-up time and highgrade video display offer considerable advantages [2, 4]. Thirdly, since tablets are
conceived less private devices, parents are more inclined to share them with their
children. Finally, mobile applications running on tablets lend themselves better to
appealing visuals and interactive elements, which makes them suitable to grasp
children’s attention [6]. Also children’s experiences with those applications are
marked by trial-and-error allowing them to quickly evolve from novice to expert [10].

3 Case Ketnet Krijt: an interactive drawing application
Within the assignment of a Public Service Broadcaster innovation policy has become
a core element in shaping future media experiences. One pillar of VRT’s1 Research
and Innovation lab involves research on consumption; namely mapping how future
media experiences will look for different viewer profiles, including children. Ketnet
Krijt is a tangible proof-of-concept developed within this track. This drawing
application was developed to enhance children’s television experience, particularly
with “Ketnet”2. Users can select one of seven colours and a preferred felt-tip thickness
for drawing. Both drawing freely and daubing onto pushed content (i.e. photos) are
technically supported. The application aims at engaging children with live broadcast
content, but it could also be used as a stand-alone drawing tool.

Figure 1 - Screenshot Ketnet Krijt

1
2

VRT is the Flemisch Public Service Broadcaster
Ketnet is VRT’s children channel, focussing on children aged 6-12 years old.
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4 Method

4.1 Goals
The goal of our study is to investigate how a PSB can engage children at home in an
interactive television show through the use of a secondary screen application.
Therefore we explore how children at different developmental stages use our
prototype and we question what storylines and formats would catch on in a live
context. Further we want to clarify to which extent children expect feedback in such
an iTV format in order to uncover whether an interactive drawing application is suited
to close the feedback loop and enhance children’s viewing experience.
4.2 Pilot Study procedure and analysis
In March we conducted a qualitative pilot study to gain some first insights on the
issues outlined above and to check upon our methods. Three Flemish families with
respectively four, three and two children aged 4 to 11 years old participated in this
two-hour active enquiry. According to Druin’s typology [11] we perceived children
both as testers and informants in our session. However we could have enriched our
prototype at first by involving children earlier in the development process, given that
they are less likely to make suggestions with nearly finalised prototypes [12].
Parents signed an informed consent and joined the session. We performed semistructured interviews and used probing techniques in more active sessions to
overcome their limited attention span and prevent boredom. In particular we used the
Smileyometer (part of the Fun Toolkit[13]) and open card sorting[14] to measure
children’s appreciation of current iTV concepts. Besides we held a thinking-out-loud
session with our prototype and some competing applications to study user experience
and to sound out on potential usage within live TV settings. We sat down in the living
room (natural context) and made sure to speak and dress as if we were peers [15].
Finally we conduced a semi-structured interview with the parents while the children
were given some spare time with the tablets.

Figure 2 - Thinking-out-loud session
All interviews, observations and screenshots (e.g. drawings) were audio and video
recorded, transcribed and further analysed. At the end we provided the children with a
“friends book” to collect personal information to feed child personas and strengthen
future scenarios.
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5 Preliminary Results
Regardless of the limited sample of this pilot study, we were able to extract several
interesting preliminary findings as well as some tendencies that will further be
unravelled in a trial broadcast with a much larger sample (See 7).
5.1 Usability and User Experience
Similar to previous research findings [6, 8, 10] our testers showed a clever and
intuitive handling of the tablets. Even children lacking previous experience in tablet
usage, picked it up within seconds. Although the general concept of a drawing
application was perceived attractive to all respondents, some remarks related to the
functionality and usability popped up. Four children expressed their dissatisfaction
with the eraser function that failed to erase distinct pieces (now the entire drawing is
erased) and two girls reported the lack of the colours purple and brown.
Quite interesting were a brother and sister who desired to create their drawings
with a Nintendo DS stick instead of their own finger movement. The boy complained
about a stiff finger whereas his sister expressed her discontent with the impreciseness
when colouring by finger movement. Although both of them needed to habituate,
their spontaneous reactions might reveal the necessity for a straightforward iTV
format that suits rudimental rather than precise drawing.
Related to storylines, both sexes were fond of teasing concepts such as the
overturn of a bucket full of snot on their parents’ head. Analogous to that storyline
the majority preferred our prototype (which allowed them to daub onto well-known
TV characters) over the other drawing applications that were tested. When going into
details we acknowledged typical gender related differences within drawings such as
the use of girlish colours and themes (e.g. make-over) chosen by all three girls as
opposed to the boys. Within age only distinct mastery of drawing was noticeable.
Finally the selection of goal-oriented versus free drawing applications was evenly
distributed.
5.2 Interactivity and the Paradox of Feedback
All children reported to enjoy themselves with current (pseudo-) interactive television
formats (e.g. Dora the Explorer) and traditional drawing. Despite the approachability
of drawing, children feared a disdainful evaluation of their creation. A child’s
perceived pressure to create beautiful drawings might thus form a considerable
threshold.
Overall children answered to be pleased with modest feedback mechanisms such
as an honourable mention live on screen. On the other hand, the idea of showing up in
a live video stream or being called via telephone made them feel embarrassed and was
overall perceived too intrusive. Aligned with feedback, children expressed to feel
more comfortable participating in an interactive programme anonymously unlike on
screen. Although feedback and interactive formats go hand in hand, the desired
degree of interactivity seems to contrast sharply with the advisable extent of feedback.
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6 Discussion
Opportunities – First, children did not intend to extract appealing features of
competing applications or combine them into our prototype. This can be attributed to
the high fidelity of the prototype but it may also suggest that simplicity is key when
developing such an application. Given the lack of ability to draw precisely by finger
movement, also the content pushed onto the tablet should be simple and support fast
interaction. Secondly, we believe that, in accordance to popular websites,
broadcasters will benefit from a generic application that appeals to both boys and
girls, considering all developmental stages. Finally, we acknowledge that – as
opposed to unaccompanied computer usage – iTV formats can provide a safe
environment for children. [16] Aligned with the latter, parents also expressed their
trust in the PSB children’s brand “Ketnet” which in accordance with overall safety
will foster uptake rate.

Bottlenecks - Because of parental monitoring, children cannot be seen as
autonomous end-users when innovating. Building in moderation tools such as e-mail
alerts regarding children’s activity might be helpful. Besides the broadcasting
schemes should be adjusted to parent’s family time to ensure availability of the
devices. Secondly we noticed that pressure to excel in drawing, forms a threshold for
participation. Providing feedback along the creation by means of built-in cheering or
badges, might overcome this barrier. Thirdly we bumped into what might be seen as
the main shortcoming of our research, namely children’s inadequate capability to link
tablets with live TV formats. Therefore we will simulate a live TV show to observe
the actual use and verify our preliminary findings regarding interactivity and the
paradox of feedback.
Aside from these bottlenecks we believe that, given broadcasters continuous
attempt to strengthen viewer’s engagement, the rollout of second screen applications
for children is virgin though promising territory.

7 Next Steps
A trial broadcast in which the drawing application is linked to a live TV show will
take place mid April. In this set-up we will observe four groups consisting of five
children each; respectively aged 6-8 and 9-11 years old in each case girls and boys
separately. By doing so we will further look into feedback mechanisms and
interactive storylines within a live setting. Moreover we aim to uncover different user
profiles by age and gender. At the end of this study we will also valorise the use of
prototypes and the benefit of a pilot study for innovative user research in general.
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Abstract. Social network websites have grown rapidly over the last several
years. Alongside, social network software has advanced as well, and new technologies allow users to access social media from their mobile devices, smart
phones, and television sets, also known as Social TV (STV). A number of STV
applications have come up over the past decade, spurred by popular interest in
social networks and by the digitization of television all over the world. With the
help of interactive features of digital TV applications, STV has allowed various
forms of communication among viewers using television as the interface, such
as audio chats, text messages, images and video sharing. This paper presents a
case study of Riumor, an STV for interactive digital TV that provides interactivity between users and television content. The research focused on social networks websites’ main features, the most common STV features, and technologies that support this kind of software development and implementation, such
as the Ginga NCL. Furthermore, this research sought to provide more than one
access platform to use Riumor, adding devices such as mobile phones, smart
phones and tablets with the Android operating system. Finally, an experiment
was conducted on the use of Riumor’s functions, and the results were quantitatively analyzed.
Keywords: Social Networks, Social TV, Interactive Digital TV.

1

Introduction

The Social TV (STV) concept, as it is currently known, was first developed at the
beginning of this century, when SMS TV Chat was launched in Europe [4]. The term
STV refers to all social interactions and communication, remote or local, while
watching TV content. It also refers to the technologies that support these interactions
and communications [4].The middleware Ginga [3] serves as a technical foundation
for the development of STV in digital TV systems.
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Among the features of STV, there is a component of sociability and community
formation. Sociability may be identified by interface aspects that have room for social
interactions [5], allowing users to build virtual communities by sharing reflections,
comments, and impressions about television content [2].
STV has the potential to reach out not just to more people but also to private and
public institutions that are already using other forms of social media to interact with
consumers and citizens. These include businesses and governments around the world.
For example, the 2008 and 2012 Barack Obama campaigns, the John McCain and
Mitt Romney campaigns, as well as many Brazilian states governments, created online profiles to interact with voters and citizens. According to Proulx and Shepatin,
“The accessibility and interoperability of mobile has opened up a whole new range of
companion television possibilities” [6].
In this study we present an STV for interactive digital TV, named Riumor, which
allows interaction between users and television content through simplified communication using emotional expressions. Riumor is multiplatform because it supports mobiles, smart phones and tablets (Riumor Mobile) and TV (Riumor TV).
The paper is structured as follows: Section 2 presents the main features of social
network as a concept. Section 3 elaborates on Riumor. Section 4provides a brief note
on an experiment performed in this study. Finally, Section 5 concludes the paper.

2

Social Network Features

Benevenuto [1] identifies the main functions of online social networks as follows:
x User profiles: A descriptive page that may contain personal information, interests, photos and messages left by others network users [CHECK???]. It may be
public, that is accessible to anyone, or private, or accessible only with the user’s
permission
x Updates: Ways to show one user’s changes in content that other users may be
interested in.
x Comments: Users may comment on shared content or on other users’ profiles.
x Evaluations: Shared content or user evaluations. It may vary in terms of granularity and form according to resources offered by the network. Evaluations may
help users choose and recommend content.
x Favorite lists: Favorite content list allowing users to select and organize their
social media content.
x Top lists: Most popular content or most popular users’ lists based on system statistics related to content (number of visualizations, evaluations and comments)
or related to users (number of feed signatures, followers and friends).
x Metadata: Descriptions and tags associated with shared content.
Among these characteristics, people value evaluation the most, as it helps them
identify the quality of any network content. According to Facebook data, its members
used the functionality “Like” more than 1.13 trillion times after its launch in 2009
until September 2012.
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Written comments about emotions can denote real feelings, but variations in words
and language can also lead to subjective interpretation and limit empirical quantification.

3

Riumor

Riumor, inspired by the sound of the English word “humor,” is an STV with multiplatform support. We also created a web service to connect Riumor’s online request
son a number of platforms.
3.1

General Architecture

Figure 1 shows Riumor’s general architectural schema. We created one version for
smart phones, mobiles and tablets interfaces (Riumor Mobile) and one version for TV
interface (Riumor TV). We also created the Riumor Webservice for the web service
that runs in a remote server.

Fig.1.General Architecture of Riumor

A TV broadcaster (A) communicates with Riumor through IP network (like any
other user) and broadcasts the audiovisual content to digital signal receivers, embedded or not on televisions devices (B) in which the user may interact through remote
control (D). The TV return channel is represented by connection with the IP network.
The user may also use Riumor Mobile through smart phones, mobiles and tablets (C)
which, having Android operational system remained connected on the Internet. The
Riumor Webservice (E) is where the Riumor operational core is located, obviously
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connected with IP network. The public and private entities (people or organizations
alike) interact with television content represent hereby F.
3.2

General Description

Riumor provides viewers the opportunity to interact with each other while watching
TV as well as to interact with television content. Users interact through a set of emoticons. Riumor’s available emotions were based on the primitive emotions of Richins
scale [7]. Figure 2 shows the list of Riumor’s emotions and its equivalents in the
scale.

Fig.2.Riumor Emoticons and their corresponding emotions on the Richins Scale

The last two emotions, disgust (repudiation) and confused (confusion) don’t have
equivalent association on Richins. They have been included to provide Riumor’s full
emotion list.
Communication takes place when a user feels some emotion about an object,
which could be another user or some comment. On Riumor TV, when a user wishes to
change their mood about some comment, the available text box is filled, by default,
with the tuned broadcaster’s current comment, stimulating communication between
user and content.
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Four main functions are available to users: My Riumor, My List, My Ego and My
World.
My Riumor is the user profile, showing main data by category and allowing the
user to edit them, to change their accounts, to consult their current history of “riumors” (emotions).
My List contains all the “considered” users by one user (similar to “followed” in
Twitter) and allows the user to search other users by name. Furthermore, it offers the
possibility of searching users followed in Twitter, if they are also in Riumor.
My Ego shows all the emotions about a user, i.e., what the others users are feeling
about it.
My World allows the user to know what the “world” (every user in Riumor) feels
about itself, offering statistics about most considered users and most prominent objects by emotion and by category.
Riumor is predominantly asynchronous, with focus on television content evaluation.
3.3

Riumor Features

Riumor’s main features are based on these four main functions. Figure 3 shows the
basic actions available to users.

Fig.3.Riumor Use Case Diagram

Register: The system allows the user to register them selves in Riumor by just filling their username, email and password. The username and email must be unique, i.e.,
the same username or email cannot be used for two accounts.
Login: To access any functionality of Riumor, except register, the user has to login
by entering their email and password.
Change Emotion: the change consists of picking one “riumor” and an object to relate with.
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Edit Profile: The profile initially has only the data provided at the time of registration.. Users can later add more information and edit what is already there. Riumor
provides the following fields: sex, date of birth, country, state and occupation. Each
field is important for network statistic processing, although filling them isn’t obligatory.
See History: The history, or “ristory,” is a list of all objects with which a user has
already associated some emotion. It is worth mentioning that the list presents all the
objects, and not all emotions about the objects, which means that only the latest emotion is shown with its creation or modification date. It is also possible to see another
user’s history.
Search Users: Riumor allows the user to search others users by name. In Riumor
TV, it is also possible to search friends in another social media (Twitter). Users can
put in their Twitter handles: the system gets a list of their followers and searches them
on Riumor.
See statistics about all users: This is the functionality that shows a network statistic resume about all Riumor users. There are three basic options: Top Considered, Top
Riumors, and Top Categories. Top Considered shows a list of10 most considered
users in the network. The Top Riumors option shows the 10 objects that are most
related with certain emotions and their respective quantity. This quantity is the number of users feeling a certain emotion about the object. The last option, Top Categories, provide three types of statistic filters. The user must choose which category,
which item of this category, and which emotion associated with the item, does he or
she wish to consult. According to the choice made, a list with 10 objects that are most
related to that emotion, item and category will come up.
See self statistics: A statistic resume about all emotions related to that user is defined as “ego”. Therefore, My Ego shows every Riumor available emotion with its
respective quantity.
Change users consideration: Similar to Twitter, which uses the term “follow,”
Riumor uses the term “consider” and “disconsider” as one of its inter-users relations.
When a user X “considers” another user Y, Y will be shown on the list of X. Then X
may know what Y feels directly, without needing to seek it. The number of users that
“consider” a user may be relevant to their popularity.
3.4

Riumor Interfaces

In this subsection we describe the interfaces of the Riumor’s four main functions in
both platforms (Riumor Mobile and Riumor TV).
The screen “My Riumor” describes the authenticated user profile. It shows what
the user is feeling, and about what. It also contains a user’s personal information and
some functionality related to the management of user data.
Figure 4 shows the “My Riumor” of Riumor TV, where it’s possible to see the
emoticon, the expression, and the object related. If a ‘#’ precedes the object, it means
that this object is a comment. If an ‘@’ precedes it, it means that this object is a user.
It’s also possible see user data by category.
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Fig.4.Interface of Riumor TV’s “My Riumor” Function

The green and blue buttons, respectively, allow users to change their mood about
an object and to see their history of “riumors.”Users may also change their password,
email and to exclude their accounts.
The “My Riumor” interface of Riumor Mobile has the same features already discussed, changing only the format and button positions (Figure 5).

Fig.5.Interface of Riumor Mobile’s “My Riumor” Function

Riumor provides the “My List” interface. Initially, the user can see all her considered users on a list and can also see a text box with the “Search” option. To search
someone, the user inserts the name of a user who she wishes to find and press the
search button. If this user is found, the system shows heron the list.
Figure 6 shows the interface “My List” of Riumor TV where it’s possible to observe the text box and two considered users with their respective “riumors”.
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Fig.6.Interface of Riumor TV’s “My List” Function

RiumorTV also offers the possibility of finding a user’s Twitter-followed contacts
in the Riumor network by pushing the yellow button on remote control.
The “My List” interface of Riumor Mobile (Figure 7) has the same resources with
extra signals: green (when the user is considered) and red (when the user is disconsidered).

Fig.7.Interface of Riumor Mobile’s “My List” Function

All available Riumor emotions and the amount of users who feel it about a user are
listed on the “My Ego” function. RiumorTV shows a list with four emotions at a time
with the respective amount of people who feel that specific emotion about the user as
can be seen in the interface of Riumor TV (Figure 8).
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Fig.8.Interface of Riumor TV’s “My Ego” Function

This same functionality is also available on Riumor Mobile with the same list of
feelings, as shows Figure 9.

Fig.9.Interface of Riumor Mobile’s “My Ego” Function

To visualize the statistics of all STV users, the user must Access the function “My
World,” in which three options of statistical query will be presented. On Riumor TV
interface, these options are well defined by buttons with their names (Top Considered,
Top Riumors and Top Categories), as showed in Figure 10.
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Fig.10.Interface of Riumor TV’s “My World” Function

The “Top Considered” option shows the top 10 most considered users on Riumor.
“Top Riumors” shows the top 10 objects related with a specific emotion and the “Top
Categories” shows the top 10 objects related with a specific category and emotion.
On Riumor Mobile, only the “Top Considered” is defined with an Access Button,
The other two options can be executed throughout the choice of any item of these two
lists: Riumors and Categories (Figure 11).

Fig.11.Interface of Riumor Mobile’s “My World” Function

4

Experiments and Results

A descriptive research was held to know the experiences and expectations of the user
in two moments: before and after using Riumor. The approach chosen was quantitative, aiming to know the current behavior of the users, their expectations about STV
characteristics, and their opinions about Riumor functionalities.
Although the ideal scenario would have been to use both platforms in the experiment, only Riumor Mobile was used due to the practicability of equipment.
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4.1

Experiment Details

The experiment had a sample of 25 people. In an abstract way, each participant was
the vertex of a completely connected graph (all the vertices connect to each other),with its edges signifying the relationship among the participants. The weight of
each edge represented the strength of the relationship, divided into three levels: strong
(great friends, boyfriend or girlfriend, fiancées, couples); weak, (simple friends or
colleagues); and null, acquainted or unknown. In this graph were identified 300 relationships, of which 79 were strong, 58 were weak, and 163 were null, showing a good
sample variation.
The tests occurred in environments in which the subjects commonly watch TV
living rooms, bedrooms or other such places.
The experiment had three parts. First, each participant had to answer a questionnaire on their expectations about the concept of communication in STV. They then
used Riumor Mobile while watching TV and their use was tracked statistically. Finally, they had to answer a new questionnaire about the experience of using Riumor. The
duration of the second part of each test was about 10minutes. Only four channels were
available to the participants. The respective broadcasters were simulated as active
users, producing comments related to their own contents.
4.2

Results

This first stage of the experiment showed that the participants were socially wellconnected. About 72% of the participants had online profiles on some social network;
of these64% spent more than 10 hours using it. However, only half the participants
had already interacted with some television content related entity. The research also
revealed that the three main emotions felt by participants about any TV content were
anger, joy and surprise. All of these emotions were available on Riumor.
A significant finding was that 88% of the participants would like to use Riumor
without necessarily watching TV, which demonstrates that Riumor has a large presence in people’s day-to-day lives. Almost half the interviewees would like to use
Riumor most of the time they are watching TV and use Riumor through TV, via remote control, instead of smart phone. These findings validate the multiplatform development of Riumor. Around 96% of the participants said that they would choose
what to watch on TV based on user emotions about the content.
The two most interesting resources, pointed out by almost 90% of the sample,
were: “Feel something for somebody” and “Knowing what do people feel the most”.
About the communication through emotions, more than 70% of the interviewees considered it great or good, and almost 48% considered that some emotion were missing
among the ones that Riumor offers. The most commonly suggested were indignation,
curiosity, eagerness, and the equivalent of “laugh the head off”.

5

Conclusions

The creation of Riumor draws on today’s fertile communication technology environment, in which content production meets simultaneous TV consumption and social
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networking. The main objective of this paper was to show a quasi-experimental study
about STV for interactive digital TV, which can be used by more than one device, and
thus enables communication among viewers and TV content. This paper aimed to
shed light on the conditions needed to insert Social TV in people's daily lives.
Riumor invested in simplification of communication through its diverse emoticons
and pre-defined expressions, which are also used as content evaluation. With this type
of resource, Riumor makes the evaluations more objective. Furthermore, it allows
easy emotion production and quantification. This quantification appears as another
interactive agent, expanding the fact from just observing how the audience may feel
about a particular event. Riumor also builds an environment for the TV content and
all its entities related to it to be inserted in the virtual community created by the network, encouraging communication among viewer sat any time, all day long.
Although there were some limitations of this initial experiment, future versions of
Riumor will make the tool more appealing to users. For instance, it may include personalized mood photos and the possibility of sharing content with Facebook and
Twitter.
Acknowledgements. The second author was sponsored by CAPES – Proc. Number
BEX 1487/12-4
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Abstract. The parallel use of a second screen, i.e. a smartphone or tablet, with
TV is considered as one of the major trends related to interactive TV. While
technical research questions related to second screen are subject to a growing
body of literature, business aspects of emerging second screen ecosystems have
not been considered in sufficient manner yet. This paper provides a contribution
by analyzing the emerging value networks for second screen on the example of
SocialTV from the perspective of traditional TV broadcasters. The analysis reveals that emerging SocialTV ecosystems are driven by new third parties that
challenge existing business models of TV broadcasters. Based on a detailed
value network analysis, threats and opportunities for TV broadcasters are identified and a concept for an alternative value network is developed that is centered on the TV broadcaster.

Keywords: Second screen, SocialTV, multi-screen, value network, TV ecosystem

1

INTRODUCTION

The broad introduction of digital TV has accelerated the convergence of TV, computers and mobile phones. Traditional television is becoming more interactive, while at
the same time new devices such as laptops, tablets and smartphones are becoming new
TV screens. As a consequence, TV consumption is increasingly a multi-screen experience: users can chose on which screen to watch TV, they can switch from one screen
to another or can even use several screens in parallel. In particular, the appealing use
of tablets and smartphones together with the growing involvement of users with social
media has given rise to new behavioral patterns of TV viewers, which is broadly denoted as second screen. The term second screen describes the parallel usage of TV
and another device as tablet or smartphone. Recently published market studies on
viewers` behavior show that the use of a second screen while watching TV has increased tremendously during the last years [1, 13, 15].
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On the second screen users chat and communicate with their friends in social networks, comment the show they watch in various social media or look for additional
information related to the show. As a result, the viewers’ attention, which is traditionally directed to the primary and until recently only TV screen, is now being divided
among the first and second screen. And where the user attention is, there are also opportunities for innovative offers to the users and new business models (see for example [20]). Driven by this new viewer behavior and by technological developments,
more and more players are involved in the emerging second screen ecosystem. A
broad selection of services that are typically based on second screen show a shift towards inclusion of social media and a more social-aware television experience, which
often results even in new interactive formats. New approaches to socially-aware TV
based on second screen and resulting new TV formats are summarized under the term
SocialTV [9]. Social TV is typically explicitly designed for the second screen and is
challenging traditional business models of TV broadcasters and content providers. As
new opportunities and threads are emerging, the value creation mechanisms of ecosystem participants need to adapt [20]. A new TV ecosystem and value network is evolving where old and new players fight for the viewers’ attention on the second screen
and for sustainable business models.
While there is a growing body of literature addressing technical challenges of second screen such as synchronization of content and narratives among first and second
screen [18], architectures for second screen [8] or design of user interfaces for second
screen [12], [14], there has been little academic attention to the question of business
models and value networks yet [21]. The paper at hand provides a contribution to this
gap of knowledge. The main research questions are: What are the characteristics of
emerging value networks related to second screen? What are the major threads and
opportunities for traditional TV broadcasters?
This paper makes three significant contributions. First, it gives a literature review
on business models and value networks for multi-screen scenarios in general and second screen in particular. Altogether 15 academic and practitioner-oriented articles
are reviewed and classified. Second, on the example of SocialTV, it provides an overview of the currently growing second-screen ecosystem from the perspective of TV
broadcasters. It identifies the main players within the broadcaster value network and
maps the processes of value creation and exchange. Based on the analysis of the value
network, emerging threads and opportunities for TV broadcasters are identified.
Third, based on the analysis of the prevailing value networks, possible scenarios for
the development of a new second screen ecosystem, more favorable for the TV broadcaster, are suggested. The emerging challenges and chances for TV broadcasters are
discussed and a set of action points they should take into account when adapting their
business models to the new ecosystem is provided.
The content of the paper is structured as follows: Section two provides a description of the research approach. Section three presents the results of the literature review. Section four contains the description of the emerging second screen value network and section five the proposed alternative value network for TV broadcasters.
Section six concludes the paper with a summary and outlook to further research.
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2

METHODOLOGY AND RESEARCH APPROACH

In order to answer the research question a combination of a systematical literature
review [32] and the method of value network analysis were applied [27]. The goal of
the literature analysis was the identification of relevant phenomena, trends, definitions
and players in emerging applications of multi- and second screen. The review was
conducted within a multistep systematic process as proposed by [32].
The approach of value network analysis [27] is useful for analysis and visualization
of value creation among a network of interrelated players. It has already been applied
and has proven suitable to visualize and describe emerging value networks and ecosystems in particular related to new and converging media (see for example [21] or
[16]).
According to [27], value networks are composed of complementary nodes and
links. The crucial defining feature of networks is the complementarity between the
various nodes and links. A service delivered over a network requires the contribution
of two or more network components. Thus, value networks can be considered as a set
of relatively autonomous units that can be managed independently but operate together in a framework of common principles and service level agreements in order to deliver the value to customers. The relationships created by the companies in the network are essential to their competitive positions. The structure of the network plays an
important role in firm performance and industry evaluation [27].
According to [27], the value network analysis involves the following activities:
1. Definition of the network.
2. Identification and definition of network entities.
3. Definition of the value each entity receives as a network member.
4. Identification and mapping of network influences.
5. Analysis and shaping.
The identified network nodes and their relationships are summarized and visualized in
a diagram, which reveals how value is created.
In the paper at hand we will use the value network analysis in order to examine the
emerging ecosystem related to second screen applications from the perspective of the
traditional TV broadcaster.

3

RELATED RESEARCH – RESULTS OF THE
LITERATURE REVIEW

A broad literature review was conducted to explore existing knowledge about business
aspects in general and in particular value networks of multi-screen and second screen
environments. The goal of the review was identification of stakeholders, challenges,
and state of the art. The review was conducted within a multistep systematic process
as proposed by [32]. It was focused on academic and practitioner-oriented articles
published in the period from January 1990 to March 2013. The databases EBSCO
Discovery Service and ABI/Inform Complete (ProQuest) served as starting points for
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the search. The keyword search was extended to all fields. To be included in the review, relevant articles must deal with the concept of business models or value networks for multiscreen content consumption. No further initial criteria for relevant
articles were set as the goal was to get a broad overview and second screen was considered as a subset of multi-screen. The search resulted in overall 312 hits, 9 of which
were relevant. 3 of these were redundant, so in total there were 6 unique relevant articles.
As a second step, we performed a backward search and the citations in the identified relevant articles were reviewed. Further 9 articles were included in the review.
Finally, a forward search in the Web of Knowledge yielded 4 more articles; however,
none of them was related to business modeling or multi-screen.
The literature included in the review can be classified into three clusters: 1) papers
exploring audience behavior in a multi-screen environment or in use cases from which
conclusions for multi-screen scenarios can be drawn; 2) papers that deal with multiscreen from marketing and advertisement perspective; and 3) papers posing the question of whether multi-screen represents an opportunity for new business models for
certain players in the ecosystem. Table 2 presents the clustered relevant papers and
their main topics. One of the identified articles, [4], is not classified in the table since
it is a guest editorial giving a short overview of four IPTV-relevant articles and thus
leading to the paper of [25].
A first finding of the literature review was that the terms multi-screen and second
screen are used with different meaning and refer to different combinations of media.
While multi-screen is in general applied to refer to presentation of the same content on
different screens, the term second screen rather refers to the parallel usage of mobile
devices such as smartphones and tablets with TV or audio-visual content.
Table 1. Overview of relevant papers and their main topics

Paper

Main topic(s)

Audience behavior
[7]
Consumer usage of multiple screens
Relation between consumer behavior and successful marketing strategies
[13]
[19]
[24]
[28]

Cross-media usage
Metrics for measuring cross-media behavior
Network analysis for audience behavior
Behavior and attitude of multi-screen consumers
Summary of current knowledge about multi-screen viewing
Audience behavioral patterns

Marketing & Advertising
[3]
Transformation of traditional advertising models
Four business models for the future of advertisers
[5]
Overview of global media landscape from advertisers` perspective
[6]
Convergence of media and advertising
[11]
Interactive TV advertising
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[30]

Adoption of mobile marketing

New business models for multi-screen
[1]
New opportunities for service and content providers to collaborate in the
development of converged multi-screen offerings
[10]
Expected transformation of TV industry leading to new business models
[25]
Overview of current IPTV trends related to multi-screen
Use case for possible next generation IPTV services introducing social
networks as virtual operators
[20]
Multi-screen business opportunities for cable, satellite and IP providers
Audience behavior. The widespread and still increasing use of mobile devices poses inevitably the question of which screen(s) do people use and how they choose the
screen to be used. [8] summarize the driving factors for screen choice as follows:
technological factors (bandwidth, signal availability, picture quality, and battery life),
physical location, desired depth of interaction, fit between viewer preference and
technology function, and business models where costs should not exceed the perceived
utility. Depending on these factors, the most appropriate available screen(s) is chosen
[13, 28]. For example, users would choose TV when they desire lean-back entertainment; they describe TV as “lazy” rather than “fun” [24]. This may explain why the
simultaneous use of TV and a second device is so common. According to [13] the
simultaneous use is as well limited in time, which amongst other reasons may be due
to a yet weak linkage of TV and second screen content. [7], [9] come to the conclusion that simultaneous usage and multi-screen behavior in general suggest an enhanced potential of a multi-screen advertisement strategy.
Marketing & advertising. Advertisers and marketers have been experimenting with
different approaches to make TV ads more engaging, e.g. [11] report a number of
early adopters of interactive TV ads. The second screen offers much more opportunities for marketers. As suggested by [30] users would adopt mobile marketing if they
perceive its relative advantage. A holistic approach to the media mix, with enhanced
cross media relations, can lead to significant additional effectiveness of ads [5], [3].
The transformation of traditional advertising in respond to usage behavior and crossplatform trends is directed towards pull-oriented models, similar to the ones in the
retail industry [6]. [3] identify four business models for advertisers, which will continue to evolve in the next years: 1) traditional advertising with single platform focus; 2)
return-on-investment-driven advertising on micro level; 3) cross-platform reach aiming for high integration across platforms, and 4) consumer-centric marketing based on
integrated and contextual campaigns.
New business models for multi-screen. The multi-screen development affects not
only advertisers and marketers but as well broadcasters, service and content providers.
[20] discusses the challenge especially for pay-TV providers to stay relevant and
maintain value in a multi-screen ecosystem. The willingness of consumers, in particular young ones, to pay for multi-screen services opens up new opportunities for service
and content providers for converged offerings [1]. [25] consider new players in the
multi-screen ecosystem, namely social networks in the role of virtual operators. The

217

transformation of the TV industry has consequences for all involved parties and leads
to a profit model based on multiple revenue sources [10].
The literature analysis furthermore revealed that the topic of multi-screen is very
broad and scattered. Two major directions can be recognized: 1) multi-screen or
cross-platform environments where alternative screens are available for watching the
same content and 2) second screen where the same or different content is consumed in
parallel on at least two screens. Some papers across the presented clusters discuss in
how far the usage of new devices and multiple screens cannibalizes the usage of traditional media, e.g. TV. This differs across the multi-screen environments. A common
conclusion is that “heavy users of one medium tend to be heavy users of many media”
[13, p.135]. In the case where multiple screens are not connected to each other, but
provide alternative channels to view a certain content, media convergence does not
lead to cannibalization amongst screens; it rather enhances the perceived user experience [7] and makes the content more useful [24], because screens are complementing
each other quite well [5, 28]. For example, TV can be watched over mobile phones
not only in the living room in front of the TV device, but also at places outside the
living room where it was not possible before. While in a complementary and additive
multi-screen environment, media consumption is as well additive, in a second-screen
environment the attention splits among the first and the second screen. For example,
[23] found out that multitasking-users switch to the second screen during TV ad time
[23]. Furthermore, according to findings from [14], in many cases listening to the
audio part of the TV program is “sufficient for viewers to continue following a TV
show, even when engaged in other activities, e.g. on the second screen.” The implications of the described multi-tasking and parallel use of second screen have not been
investigated in depth yet.
The literature analysis points to a further emerging and fast growing trend, SocialTV, which involves many new players and parallel usage of TV and second
screen. Thus, in order to focus the value network analysis, the emerging ecosystem of
Social TV was chosen to be its main subject. Also the literature review was extended
to include the topics second screen and Social TV.

4

EMERGING VALUE NETWORKS OF SOCIALTV

In this section the value network of emerging SocialTV ecosystems is described and
analyzed. The process of the value network construction follows the five steps proposed by [27] and described in section 2.
4.1

Definition of SocialTV

The first step in a value network analysis is the clear identification of the service and
player for which the analysis is conducted. The analysis focus in the paper at hand will
be on second screen and its usage in SocialTV context.
With growing sales numbers for tablets and smartphones the TV experience is more
often accompanied by parallel usage of a second screen. For example, according to a
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study within the Nielsen`s Convergence Panel, 80% of the panelists use TV and a
second device simultaneously [13]. The nature of this parallel usage is varying from
totally unrelated such as checking e-mails or Facebook messages to cross-platform
usage where content related to the currently viewed television show or program is
accessed. This latter so called “second-screen” behavior [10] is the focus of the paper.
According to [14], “By “second screen” or “second device” we refer to any device,
smart phones, tablets, laptops that allow TV consumers to interact with TV content
displayed on a primary screen (typically a home television set).”
At present, one of the most popular, fast growing examples of applications of second screen is SocialTV. In general, [9] define SocialTV as “…allowing remote viewers to socially interact with each other via the television set, smart phones, tablets or
the PC, where viewers might be separated in time and/or in space.” The two authors
provide an overview of different social modes of interaction as part of SocialTV: The
user can use the second screen in order to control content that means to decide what
and how to consume television content and in this context sub use cases are to select,
browse and manage content, select path, view extra material, video control and session
transfer. Another usage of content is related to content enrichment and involves activities related to active manipulation of television content. This means to create, to annotate, fragment and to enrich content. And finally the third mode of interaction is related to content sharing and includes: to share and socially communicate with others
while watching TV. Social communication in particular over social media is also identified as essential part of Social TV by [25] and [17].
The definition of [17] extends the previous definitions by pointing out to additional
players in the context of SocialTV: [17] define SocialTV as all technologies that enable and support the communication and social interaction around TV programs. These
authors furthermore point out that typically SocialTV is provided by special apps for
smartphones or tablets. At present SocialTV is pushed by independent SocialTV app
providers that are not related to traditional TV broadcasters. However, broadcasters
are slowly starting to follow the SocialTV trend and a few of them experiment with
own second screen apps.
Based on the definitions and descriptions for Social TV provided in the literature,
Social TV is defined in this paper as a new complementary offering to television,
where additional content and interaction related to the television program is performed
by users on the second screen and accompanied with social communication mainly
over existing social media. The value network analysis will focus on Social TV as
defined here from the perspective of TV broadcasters.
4.2

Stakeholders of prevailing Social TV Value Network

Several key stakeholders are currently involved in the value network of SocialTV and
broadcasters. This section presents them and gives a short description of their role in
the network.
TV broadcasters pursue in the emerging Social TV value network their typical role.
They aggregate TV content from different sources (content providers, advertisers,
self-produced content) and ensure that the content reaches a broad or targeted group
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of viewers. They are an important connector between content providers in general
(including advertisers) and content consumers.
Advertisers such as advertising agencies or marketing departments play a key role
as a value generator in the broadcasters` network. As users are looking for content
across media channels [22], advertisers are interested in overall recall and likability of
their ads besides the effectiveness of individual screens [28]. And they are willing to
pay for targeted reach of their ads especially in the context of second screen or cross
media applications.
Users represent a crucial node in the broadcasters` network. As main recipients of
the provided content, their attention to specific content types is of great significance
for broadcasters and advertisers. Savvy technology users push the trend of screen
convergence [24]. In addition to watching TV, users increasly use mobile devices as a
second screen.
Social TV app providers offer a new way of experiencing television. This backchannel makes simultaneous discussions to the running show or program possible and
thousands of viewers contribute to a new social experience by commenting on content
and posting personal statements. The Social TV apps differ in their functionality. The
range of offered functionality varies from apps that support the parallel discussion of
running shows to apps that support the interaction with content in addition to content
sharing.
App store providers such as Google Play or Apple`s AppStore represent one of the
door openers for TV broadcasters to the second screen. As the main entrance to the
application market, app stores coordinate and control in a more open or closed manner
the relations between app developers and users [26]. In order to gain access to the
viewer via mobile devices, TV broadcasters need to use the stores` distribution channel.
Social TV analytics providers are emerging to meet advertisers` and TV networks`
demand for measuring broadcasting effects in times of TV and social media convergence. Companies such as Bluefin produce analytics about communication patterns
and relations between social media data, e.g. Twitter posts and broadcast`s content.
Although academics have not yet come to a concrete conclusion in how far social
media activities drive TV ratings, the television industry can identify a clear benefit
from social ratings for strategic decisions [29].
Social network providers as Facebook and Twitter are environments where interaction takes place (discussing, sharing, rating) over the second screen and where user
data is created. [25] suggest that social networks should provide “virtual operator
function in the value chain, whereby friends can schedule each other’s ---- for example, or suggest content to build a recommended content stream”. Social network sites
“have the potential to become a new control point in the value chain, competing with
traditional operators and online aggregators alike for control over distribution” [25].
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4.3

Value Creation in the emerging SocialTV value network

After the network players are identified, their roles and relationships are summarized
in a drawing. Thereby a distinction is made among financial relationships, denoting
payment flows, and immaterial relationships, where the players have advantages from
other players. The overall value is created by the contribution of all players. Based on
the results of the literature review and additional online sources that provide an overview of players in the SocialTV ecosystem [31], in this section the overall value network of Social TV is presented. Figure 1 illustrates the relationships and value contribution of the major players in the Social TV network. Traditional TV broadcasters are
playing their usual role and provide a selection of linear TV on the first screen. However, the program of traditional broadcasters gains new importance as without first
screen there will be no second screen. The linear TV program is the starting point for
interaction, sharing, commenting, and consuming of additional information. Linear TV
programs are in particular relevant for the whole value network for getting the masses
of viewers interested in the same show at the same time. Other audio-video offerings
as for example video on demand are less attractive as the audience is more scattered
among different videos and at different points of time, so that it is much more difficult
to get a critical mass of viewers of one specific video at the same time.

Fig. 1. Current SocialTV value network.

One major change in a SocialTV value network is the user behavior. In a SocialTV
environment users become multi-taskers and divide their attention among the first
(traditional TV set) and second screen (typically smartphone or tablet) [28]. On the
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second screen the users either perform tasks that are not related to TV such as answering mails or checking messages in social networks or they can perform activities related to the show they watch. Typically users switch to the second screen during TV ad
time. The attention of the users to the second screen is the basis for new offerings in
terms of content and advertising for new and old players in the TV market. Thus, the
second screen attention of viewers has become a competitive area in the TV market.
At present, SocialTV is pushed forward through new players that offer apps for SocialTV [17]. SocialTV apps provided on the market can vary in their functionality:
from apps that support just chat around TV programs to apps that offer a higher integration with the content together with content enrichment and sharing. However, as
these third party providers do not own the content, their possibility to better synchronize the app functionality with the content is only limited without the permission of
content owners and providers.
Further new players in the SocialTV value network are the app stores and SocialTV
Analytics providers. The app stores provide an important distribution channel, where
apps are discovered by users as well as rated and commented. The ratings and positioning of the apps in the app stores have an impact on the visibility and attractiveness
of a Social TV app. The more competitive apps are provided on the market, the more
important is a better position in app stores. As providers of the most important app
stores are Apple and Google, which both invest in TV services, it can be expected that
the role of app stores in the Social TV ecosystem will become more important.
SocialTV analytics providers add to the value of SocialTV by creating rating lists
for viewer attention to different shows and thus providing additional feedback to the
shows. First examples of Social TV analytics show how traditional measures of viewer
attention need to change in the future. Furthermore, they show the extent to which the
viewer attention is focused on the second screen and complementary offerings.
In summary, it can be concluded that emerging SocialTV value networks are new
sub-networks that draw upon linear TV and create new value, on top of the traditional
TV value. This new sub value network is to some extent cannibalizing the business
models of traditional broadcasters as part of the attention of the viewers is taken out of
the broadcasters’ control. The new players profit from the contribution of traditional
TV, but do not provide any payback. This is also visualized in the value network
graph – there is no relationship back from SocialTV app providers to the TV broadcasters. It is clear that traditional broadcasters have to take measures and adjust their
business models in order to keep an important role in the value network.

5

SUGGESTED SOCIALTV VALUE NETWORK DRIVEN
BY TV BROADCASTERS

As described in the previous section, the major threats for TV broadcasters result from
the weakening of their advertising business model. To avoid this, one straight forward
strategy of TV broadcasters is to enter the SocialTV market with own SocialTV apps,
which focus on strong integration with their linear program. Figure 2 illustrates the
resulting value network in such case.
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Fig. 2. Possible scenario for the development of the broadcasters` value network
The main asset for entering the SocialTV market for TV broadcasters is that they
own most of the content that they provide to users. This gives them the opportunity
and the strong competitive advantage to better synchronize their SocialTV apps with
the shown content and provide functionality for the user that goes beyond social communication. However, it will probably be not possible for broadcasters to claim exclusive rights to provide SocialTV. Viewers talk and share content also without SocialTV
providers. Thus, broadcaster SocialTV apps will probably be in competition with apps
from third party providers. Given this, broadcaster apps have to provide exclusive
functionality based on a better integration with the content on the prime screen. This
would be an interesting development for advertisers as well. Ads can be better synchronized with TV content making contextual ads possible and can be offered in an
integrated manner on the first and second screens.
Further design options for TV broadcasters depend on the scope of the own SocialTV app. The app can either be specific for different content formats, or it can be
more general for the whole content. In order to take advantage of the exclusive rights
on the content itself, it seems that specialized apps for selected formats that are most
suitable for SocialTV, such as news or documentaries, might be more competitive. At
the same time TV broadcasters might transform their remaining content formats into a
platform (see for example [2]) and open it through paid APIs (application programming interfaces) for third party providers. This would open the opportunity for revenue sharing with independent SocialTV providers.
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Besides offering SocialTV apps related to their content, broadcaster can also invest
and provide new formats that are based on input from social media. Such SocialTVbased broadcaster is for example the Swiss company joiz, which integrates user feedback from social media live into their running shows.
In order to become a SocialTV provider, broadcasters have to acquire new competences in developing SocialTV apps and for developing new interactive content formats. Furthermore, they have to develop new advertising formats as well as adopt new
measures for the success of their program and the related advertising. New concepts
proposed and developed by SocialTV analytics providers for measuring and rating
programs might translate into new measures for success of the different shows.
In summary, SocialTV as it is currently emerging through independent providers
seems to be rather a threat to TV broadcasters. However, there is a window of opportunity for broadcasters to turn that threat into a chance. But this window of opportunity might be there for just a short time. The more independent providers succeed to get
a critical mass of users for their SocialTV apps the more difficult it will be for broadcasters to successfully enter the market even if they come up with better offerings.

6

SUMMARY AND FURTHER RESEARCH

The goal of this paper was to illustrate and analyze emerging second screen ecosystems from the perspective of TV broadcasters on the example of SocialTV. In order to
achieve the goal a systematic literature review and a value network analysis were conducted. Based on the literature review main terms such as second screen and SocialTV
were defined and insights into stakeholders and their relationships in the SocialTV
value network were identified.
Based on the findings, the value network of SocialTV was created and analyzed
from the perspective of TV broadcasters. The analysis revealed that SocialTV is currently driven by third party providers and threatens existing business models of broadcasters. Based on the identified threats, an alternative value network was suggested
that involves broadcasters into the SocialTV market. Furthermore, the most important
steps that need to be undertaken by broadcasters were identified.
With the above results the paper provides a significant scientific and practical contribution. Major scientific results are the literature review, the definition of the main
terms, and the conceptualization of both the emerging and to-be value network. The
results have also a high practical relevance. They show how the value network analysis can be applied in practice and how it can be used for revealing new opportunities
and new business models. The identified threats and chances provide furthermore
valuable inputs to strategy and business model innovation of broadcasters, but can
also be transferred to other players on the TV market.
Main limitation of the paper is the focus on literature. Second screen and SocialTV
are recent phenomena developing with a fast pace. The creation of literature about
such new phenomena takes time and available papers might not reflect all developments happening at the same time. Thus, the results presented in this paper are a good
starting point for further research related to business models and value networks of
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second screen application. More insights can be gained by in-depth case studies investigating how broadcasters experiment with SocialTV and analyzing emerging broadcasting formats.
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Abstract. The present paper advances a robust video fingerprinting method to
be deployed within second screen synchronization applications.
The novelty consists in tracking camera recorded video sequences based on
their visual content. In this respect, the advanced system creates synergies between two architectural modules, a bag of visual words framework ensuring robust and scalable query localization in the reference database and an aggregation block providing an accurate synchronization of the video sequences as well
as the system’s decision.
The system was tested on a reference database of 14 hours of video content
and on a query dataset of 5 hours obtained by the StirMark geometric random
bending and by live camera recording. The evaluation resulted into average
false alarm rate of 1.3×10-5, probability of missed detection of 0.05 and F1
score equal to 0.96.
Keywords: Bag of visual words representation, wavelet coefficients, normalized cross-correlation, resynchronisation

1

Problem Statement

With the capturing camera and the internet connection becoming ubiquitous in
mobile devices, users are able to create, use and distribute multimedia content instantly. Consequently, the video content stakeholders (content owners, mobile apps industry) investigates new ways of making video content on mobile devices useful, entertaining and profitable, e.g. ShazamTV for second screen applications [1] or VideoSurf
for video search and identification applications [2].
Video fingerprinting is a potential solution to such a challenge. Also known as content based copy detection or duplicate and near duplicate detection, video fingerprinting is a technique able to identify duplicated/replicated versions of a given video sequence (query) in a reference video database. Concerning the video based mobile
apps, video fingerprinting techniques can have the role of identifying the video content captured with the phone’s camera or to synchronize video content between two
devices in second screen applications (e.g. between a TV and a mobile device).
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The general principle of fingerprinting consists in: (1) computing content-based
features able to concisely and accurately represent that video and (2) matching the
query/reference database features by using similarity metrics. Its advantages are twofold: no length/format constrains are imposed on the video sequences to be matched
and no additional metadata (e.g. titles, annotations) are required in the process of
identifying the replica.
The video fingerprinting systems are characterized by a set of properties: (1)
uniqueness: two video sequences with different content have to be detected as different; (2) robustness: a query video sequence and its replicas obtained through different
transformations/distortions have to be detected as identical; (3) accuracy of retrieval:
a query has to be located precisely in the reference video, if correctly detected,
(4) scalability: the system has to be able to deal with large databases (compact form of
the fingerprint, low storage requirements and computational complexity).
The camera recording introduces complex distortions in the video content. From a
theoretical point of view, these distortions include and combine three main types of
non-deterministic (i.e. user and device dependent) modifications: (1) frame aspect
distortions which change the aspect of video frames such as linear and non-linear
filtering, changes in color and photometric parameters (e.g. brightness, contrast, saturation, gamma corrections) or noise addition; (2) frame content distortions which
modify the frame content itself by changes in the capturing angles giving rise to affine
transformations within the content, such as rotations, translations, scaling or content
cropping/addition; (3) video format distortions such as transcodings, frame rate,
length changes, time variant inner desynchronisations, D/A, D/A conversions.
The present study advances a video fingerprinting method able to identify video
content captured with a camera. This paper is organized as follows. Section 2 presents
a brief state of the art. Section 3 advances a video fingerprinting method addressing
camera recording distortions. Section 4 presents the experimental results, whereas
Section 5 concludes the study.

2

State of the Art

The state of the art is structured according to the robustness property.
The frame aspect distortions are best handled by features able to globally represent
video frames, such as 2D wavelet transform coefficients [3], pixel differences between consecutive frames, quantized block motion vectors, ordinal ranking of average
gray level of frame blocks [4]. While providing very good robustness to frame aspect
distortions, the above features are also robust to moderate geometric distortions (e.g.
small rotations). The advantage of some global representations features is their low
computational complexity. However, they are unable to solve video format distortions
and cannot provide a scalable matching, hence in real life applications they can be
used complementary to other features.
Concerning the frame content distortions, the top performers proved to be:
(1) global features incorporating geometric information: centroid of gradient orienta-
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tions of keyframes [5], DCT coefficients of the radial projection vector of the
keyframes pixels [6] and (2) local features based on interest points: signal description
of motion of interest points across videos [7], descriptors of interest points under the
Bag of visual Words (BoW) framework [8], [9]. Among these two approaches robust
to frame content distortions, the local features are the winners as they provide very
good robustness to frame content distortions, and moderate frame aspect distortions.
However, while offering possibilities to handle the video format distortions, they are
rather computational expensive hence rapid algorithms have to be envisioned for their
use.
The video format distortions are generally handled by using additional mechanisms
exploitining the properties of the chosen video features: synchronization block based
on wavelet coefficients [3], k-NN matching of interest points [7], locality sensitive
hashing of DCT coefficients [9].
To conclude with, the state of the art exhibits video fingerprinting solutions able to
address individual or combined computer generated distortions. However, to our best
knowledge, there is no published method discussing the combined effects of all three
types of distortions under the external camera recording use case. Moreover, the high
robustness methods (i.e. interest points based methods) feature high computational
cost making them prohibitive for mobile devices. In this paper, a novel video fingerprinting method for the use of video based mobile apps is proposed and tested on real
camera recorded video content.

3

System Presentation

The functioning principle of the advanced method is illustrated in Fig. 1. The system relies on a pre-processed video database (the offline phase) and on some operations which are performed for each new query video sequence (the online phase).
Online
Preprocessing

Online
localization

Preprocessing

Offline
localization

Aggregation

Query video

Offline

Fig. 1. General video fingerprinting principle.

3.1

Offline Phase

The “pre-processing” block, achieves a common formatting for the reference video
sequences in order to ensure the independence of the method with respect to some
parameters variation. Consequently, the video sequences are all brought to the same
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frame-rate value, the black frames are discarded, the letterboxing is removed and a
uniform sampling was performed.
The “offline localization” block provides to the online localization block (in the
online phase), candidate positions within the reference sequences which might be the
start of the query sequence. Calculating these candidate positions relies in identifying
matching query and reference frames. Establishing frame similarity under different
frame content and frame aspect modifications is a challenging task. Consequently, a
bag of visual words framework [10] is used as it provides an efficient approach by
exploiting the local image features.
The local features used for the proposed video fingerprinting method are the affine
covariant regions [11], as they are robust to linear and affine transformations of pixel
intensities (hence to frame aspect and frame content distortions).
The affine covariant regions were chosen because they are invariant to: color
changes (being identified on gray scale images), scale changes (being detected at
multiple scales), orientation changes and affine transforms (due to the region estimation algorithm which determines the shape of the regions by adapting them to the
underlying intensity patterns).
The affine covariant regions are further formalized into a robust description which
can allow their matching. Due to its wide use [8], [9] and good robustness to rotations
and affine illumination change effects, the SIFT descriptor [12] was chosen.
Under the BoW framework, the reference SIFT descriptors are clustered into a
smaller set (i.e. the visual vocabulary) of descriptors denoted as visual words.
The BoW representation for a frame is obtained by quantizing the SIFT descriptors
from a considered frame to the most similar word in the visual vocabulary with a
nearest neighbor strategy. The components of the BoW vector containing the occurrences of the visual words in a frame are further weighed with a tf-idf weighting
scheme, in order to overcome biases related to the reachability of often encountered
or less encountered visual word.
Moreover, for search time optimization purposes, an inverted index is used. During
the “online localization” step, the inverted index provides a shortlist of reference
frames which contain at least one occurrence of the query’s visual words, hence the
matching is done only with a relevant subset of reference frames.
3.2

Online Phase

The online phase starts by passing the query through the pre-processing step as described in the offline phase.
The “online localization” block, performs the matching between sampled query
and reference frames and outputs for each query frame a list of reference candidates
in the decreasing order of similarity. It consists of two steps: bag of words matching
and geometric consistency verification. The bag of words matching is done by using
the normalized scalar product between the tf-idf vectors of the frames. The geometric
consistency verifies the spatial coherence between the visual words of the query and
the reference frames outputted normalized scalar product metric. It consists in esti-
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mating affine transforms hypotheses between the query and reference local features
and in re-ranking of the best frame matches.
The “aggregation” block has the role of establishing the similarity between the
query and reference video sequences which start with a considered pair of query and
reference sampled frames. The input for the video aggregation block is a sampled
query frame and the shortlist of matching sampled reference frames obtained in the
online localization block.
The match between the query and video sequences is achieved by using a threshold
E of matching frames between the query and reference video sequences. If the number of matching frames is equal or higher than E, the video sequences are considered
matches; otherwise they are considered as distinct. The threshold E was set heuristically at a third of the total sampled query frames.
In order to achieve the aggregation and to match the query to reference frames, a
wavelet feature, a dedicated similarity measure and synchronization operation are
used instead of the BoW approach. The choice of using the aggregation block is due
to the high computational complexity required by the BoW as compared to the wavelet feature.
The features employed are the wavelet coefficients due to their capacity of identifying the overall salient content of frames and their fine statistical properties. Assuming a pair of query and reference frames, the wavelet feature computation consists of
four main steps: spatial subsampling (to W × H pixels), color space conversion (from
RGB to HSV, using only V), (9, 7) Daubechies 2D wavelet transform and coefficients
selection (all the DWT coefficients in each frequency sub-band are selected) 3.
The similarity measure considered between the wavelet features is the normalized
cross correlation. The threshold establishing the decision on the wavelet features’
correlation is derived statistically with the Rho test on correlation [3]. A match between the query and the reference frames is obtained when the coefficients in all four
frequency sub-bands are matched.
The synchronization consists in finding for each query frame, its most similar reference frame and in aggregating those frames into consistent temporal sequences. The
algorithm is detailed next.
The query frame is matched to its BoW matched reference frame and to a set of its
L=10 neighboring frames, Fig. 2.a. The position of the matching reference frame in
the neighborhood window, framePos is retained and further used, Fig. 2.b.
When a match between the query and the reference frames is obtained, the matching query-reference pair is stored and the matching frames counter incremented. The
next query frame to be matched is obtained by jumping T frames (equal to the sampling rate from the pre-processing step) and the next candidate reference frame is
obtained by skipping T-L-Δ frames, where Δ = L - framePos. The Δ factor is used to
compensate the desynchronisation that might exist between the query and reference
frames.
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(a)

(b)

Fig. 2. Synchronization algorithm

In case no match is obtained, the frame window size is doubled 2L, and the same
mechanism iterated.
If no match occurs after doubling the window size, the current query frame is
dropped, the subsequent query frame is considered instead and the algorithm is resumed. If no match occurs even after testing several subsequent query frames, the
next query frame to be matched is obtained by jumping T’ (lower than T) frames and
the next candidate reference frame is obtained by jumping T’+Δ frames. The synchronization procedure ends when all the query frames were processed as explained
above.
Note that the aggregation block enables the method to deal with different length
queries.

4

Experimental Results

4.1

Evaluation Metrics

The performances of the proposed method are evaluated by assessing its properties
[13]: uniqueness, expressed by the rate of false alarm (1); robustness, expressed by
the probability of missed detection (2); accuracy, expressed by the F1 measure (5),
which is measured using the ground truth start frame and end frame versus the detected copied start and end frames.

R fa

Pmd

fa
Trefdata

md
Ttarget
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Where fa is the total length of the false alarms (in minutes), md is the total length
in of the missed detections (in minutes), Trefdata is the total length (in minutes) of the
video sequences in the reference database and Ttarget is the total length (in minutes) of
the video replicas in the reference database for the considered query. The F1 measure
is computed in the case of correctly identified copies. The precision, Prec (4) and
recall Rec (3) are computed at frame level, i.e. tp is the number of correctly matched
frames between the query and the reference video sequence, fp is the number of false
positive frames (i.e. the false alarm frames identified between the query and the reference sequences), fn is the number or false negative frames, (i.e. the number of missed
detected frames between the query and the reference sequences).
4.2

Functional Evaluation

The reference dataset is the HD3D corpus [14] totalizing 14 hours of video content
and encompassing scenes with high and still motion, indoor and outdoor scenes, stable and unstable lighting conditions.
Firstly, the proposed video fingerprinting method is tested under the StirMark geometric random bending distortion which simulates the camera recording [15], Fig. 3.

Original

StirMark

Fig. 3. The StirMark random bending distortions, on a natural image (up) and on a test image
(bottom).

The query corpus consists of 180 replica video sequences from the HD3D corpus
and of 60 sequences from a non-reference video (Charade freely available, [16]).
Each query sequence has 1 minute; hence, we processed 4 hours of queries.
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Secondly, the proposed video fingerprinting system was tested under live camera
recording distortions. The query corpus consists of 60 sequences of 1 minute each, i.e.
1 hour of recorded content. The queries were obtained by randomly selecting 30 sequences from the reference database and then recording them with two devices. Examples of captured frames are exhibited in Fig. 4.

Original version

Captured frames
Fig. 4. Frames from recorded video sequences.

The capturing devices were the camera of a Samsung S3 smartphone and a Canon
EOS 7D camera with a Tokina AT-X PRO objective. While the captures with the
Samsumg S3 camera were taken by hand holding the phone, the captures with the
Canon camera were taken by using a fixed tripod employed for stabilization purposes.
The recording set-up consisted of video playing on a PC monitor (DELL 1680 x
1050 pixel resolution, 22" LCD display screen) and video capturing with the chosen
devices.
A general geometrical representation of a camera recording setup is given in
Fig. 5.a. The optical axes of the camera do not usually intersect with the screen at the
same point and the angle Ω measures the rotation of the camera around its optical axe.
PC screen

PC screen

Ω
capturing
device
capturing device

(a)

(b)

Fig. 5. Camera recording setups; top view.

Fig .5.b illustrates the experimental setup for our experiments: the camera was positioned with its optical axe perpendicular on the PC screen. Ideally, the Ω angle is
Ω = 0, however camera recording introduces random, time variant capturing angles
due to involuntarily hand or breathing movements. In the proposed experimental setup, the angle Ω was not considered larger than േ2° and the position of the camera
was approximately maintained in a central position of the screen in order to capture
the entire video content displayed on the screen.
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Table 1. Average results.

Distortion

Rfa

Pmd

F1

Computer simulated

0

0.011

0.96

Samsung S3 recording

0

0.11

0.95

Camera recording

0.00004

0.03

0.97

Average

1.3×10-5

0.05

0.96

Table 1 demonstrates the feasibility of the proposed method for computer simulated distortions (StirMark) as well as for the camera recording, be it a phone camera or
a photo/video designated device. It represents at our best knowledge, the first solution
ensuring the false alarm and missed detection probabilities lower than 0.1, and F1
measure higher than 0.95 for a live capturing use case.
It can be noticed from the results that the phone camera capturing present a higher
missed detection probability compared to the camera captures. This result can be explained by the impact of the involuntarily movements encountered during the capturing on the video frames which cause higher that expected rotations (i.e. content
changes due to occlusions which cannot be dealt by the aggregation block based on
correlation). The higher false alarm rate encountered for camera recording could be
explained by different degrees of blurring induced in the capturing process by different devices and which affects the proposed system in the online localization phase.
Moreover, the results point at the very good accuracy of the proposed method: if the
query is correctly identified it is also very accurately retrieved.

5

Conclusion

In order to solve the identification or synchronization of live camera recorded video content, the present papers advances a fingerprinting system based on the combination of two main principles. Firstly, a bag of visual words framework is used to identify candidate positions of the query in the reference sequences. This strategy allows a
scalable video matching procedure, i.e. instead of comparing the query with all the
reference sequences at all possible locations, only a selection of reference locations
are selected. The robustness to video format distortions is ensured by the frame based
approach. Moreover the frame content and frame aspect robustness is ensured by the
features used in the BoW framework (affine covariant regions, SIFT descriptors).
Secondly, in order to provide a computational feasible method for mobile apps, the
BoW approach is complemented with a aggregation procedure which requires a lower
computational complexity. The aggregation procedure is based on a synchronizing
repeated matching of query and reference frames and allows the accurate retrieval of
the replica video. This strategy ensures the robustness to time variant inner
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desynchronisations specific to camera recording operations. The robustness to frame
aspect and moderate frame content distortions is ensured by the wavelet based frame
matching
The experimental setup consists of a 14 hours reference database and of a 5 hours
query dataset (i.e. obtained with the StirMark geometric random bending and live
camera recording).
The experimental results prove the suitability of the proposed method for camera
recording applications: the rate of false alarm is 1.3×10-5, the probability of missed
detection is 0.05 and the F1 measure is 0.96.

6
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Abstract. In this paper, we present the webinosTV application that is based on
the webinos platform in order to provide a multi-screen switchboard for seamless interaction with distributed content. webinos is an EU project, which aims
at developing software components for the future Internet, in the form of Web
runtime extensions and provides seamless and secure communication between
heterogenic platform and devices. webinosTV builds on top of webinos and
Web standards in order to provide a unique cross platform multimedia experience, sharing content from multiple devices.
Keywords: Multi-screen switchboard, webinos platform, distributed content.

1

Introduction

Web applications are gaining access to an increasing amount of important functionality. Thanks to growing support for new HTML5 standards, such as JavaScript APIs for
geolocation data or other various sensors and local storage, Web applications have the
potential to replace native applications in many situations [1].
In this paper we describe the architecture of webinos: a cross-device Web application
platform and its utilization by a multi-screen application. webinos is designed to give
Web developers access to a standard set of APIs for device features, as well as
providing a common policy model for access control. It also aims to give users a
“seamless” experience by providing better connectivity between devices. The platform is targeted at five domains: desktop, mobile, in-car systems, home media systems and IoT devices.
Building on top of these technologies, webinosTV is a multi-screen and multi-user
webinos application that allows the end user to select a device as media source and
adfa, p. 1, 2011.
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route the content into another display device. The user can easily queue video and
audio streams from his devices or from shared folders on his friends’ devices. Using a
screen adaptive UI, the same application can execute easily on multiple devices spanning from small screen mobile phones to huge screen televisions.
The content of the paper is structured as follows: Section two provides a description
of the webinos platform and introduces the meanings of personal zone hub and personal zone proxy. Section three describes the webinosTV application, its use cases
and the features it provides. Section four concludes this paper.

2

The webinos platform

webinos is a cross-device application delivery platform for rich Web applications and
W3C widgets. It provides a wide set of APIs to the applications for accessing local
resources, such as sensors, contacts and files, as well as APIs for communication with
other devices and services. The platform aims to create a secure and seamless multidevice user experience through data synchronisation and a consistent access control
system. webinos is supported on five main device domains: desktop, mobile, in-car,
home media devices and Internet of Things (IoT) devices. The main target group of
users of the platform is people who own many web-enabled devices. More detailed
personas of anticipated users are available in project deliverables, through detailed
use cases and scenarios [2]. Although the platform's components are spread over the
devices, as well as the cloud, developers can easily make use of them on a single application. Fig. 1 depicts a high-level overview of the webinos platform structure and
deployment.

Fig. 1. webinos architecture
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2.1

Personal Zone Hub (PZH)

The cloud components represent an important aspect of the platform, as these components enable application developers to set up services across multiple devices and
users, thus fading out the physical boundaries of a device. This seamless device interconnection mechanism can be described by the Personal Zone concept. The Personal
Zone represents a part of a secure overlay network, connecting all the user's personal
devices and services. To enable external access to and from the devices and services
in this zone, the webinos platform defines a Personal Zone Hub (PZH) component
which is central and uniquely instantiated per user. The PZH is a key element in this
architecture, as it keeps track of all devices and services in the zone and connected
zones and provides functionality to enable their mutual secured communication. This
way, the PZH facilitates cross-device interaction between any pair of authenticated
webinos devices over the Internet. The PZHs are federated, allowing applications to
easily discover and share data and services.
2.2

Personal Zone Proxy (PZP)

On the device-side, a Personal Zone Proxy (PZP) component is deployed. The PZP
handles the direct communication with the zone's PZH. In order to keep the user's
Personal Zone synchronized, the PZP is responsible for communicating device status
and exposing the available device resources with its PZH. This communication channel is built around a publisher-subscriber pattern [3]. Since this component handles
the communication for both remote devices as well as local applications, it also acts
as a policy enforcement point by managing all access to the device's exposed resources. Although the webinos platform is designed to utilize the online cababilities
of the devices, all PZPs keep local synchronized copy of the data maintained by the
PZH. That way, in case that no Internet connection can be established, the PZP can
act in place of the PZH and even connect to nearby devices directly. This allows users
to operate the basic functionality of their applications even while being offline, or
temporarily unable to access the Internet. All data to and from the PZP are again synchronized within the user’s PZ as soon as the device's Internet access gets restored.
2.3

webinos APIs and applications

webinos applications are built on HTML5 / CSS3 primitives using JavaScript in order
to provide the end user functionality. webinos applications are executed using a
chromium based widget renderer which provides the webinos APIs to be used by the
application.
These APIs provide access to the underlying device operations, like the geolocation
service that is bundled with all smartphones nowadays (geolocation API) or even the
car information (vehicle API).
A novel API that is being provided by the webinos platform is the TV API. The novelty of this API is the access to TV devices that makes them controllable and manageable and therefore mixable within Web based applications. This enables webinos
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applications to obtain channel lists and improve the user interactions by providing
filter and query functions. The complexity of the interworking between the devices
belonging to disparate platforms, like set-top box/TV and mobile phone, is taken care
by the webinos platform. This saves time and lets the developer focus on the essential
assets: realizing appealing applications that enable new experiences.

3

The webinosTV application

The increasing amount of media, data and applications that are distributed across
many devices requires much effort to preserve usability as well as privacy and security attributes when making such content available for different screens. The multiscreen and multi-user application webinosTV utilizes the concept of the Personal
Zone that enables a secure and convenient usage of services and resources provided
by all connected personal devices independent of platforms and operating systems.
With webinosTV links between source and target devices can be created intuitively
while providing access to the consolidated and shared content for the consumption on
the desired screen.
3.1

Application scenario

The webinosTV application, depicted in Figure 2, was designed having the following
use cases:
1. Remote control of the television
2. Streaming channels to multiple devices
3. Streaming media from multiple devices
The first use case takes into consideration the TV watcher who is also reading the
Electronic Program Guide (EPG) on his smartphone or tablet. The two devices (TV
and smartphone) are sharing the same context and the end user would expect to be
able to click from his mobile device on a program from the EPG and have the television switch to the appropriate channel.
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Fig. 2. webinosTV running on multiple devices

The second use case focuses on the same TV watcher who wants to leave the television area but doesn’t want to stop watching the program he is currently tuned into.
The user should be able to switch to another device that may not have a TV received
and stream the content from the TV to that device, continuing watching the show
from the point he left it.
The last use case takes into account that multiple devices contain various media and
sometimes their screens are not big enough to display them for a wide audience. In
contrary, the television provides a big screen but most of the times lack the ability to
store media. The user should be able to display media from other devices and moreover, since the smartphones or tablets provide a better and more intuitive input experience, he should be able to use them to redirect media from any source device to any
rendering device.
3.2

Feature list

webinosTV offers both a control interface and a media reproduction interface for
different devices sharing media contents. webinosTV makes use of the File api and
more precisely the getLink function in order to generate a publicly available url of the
content which is then given to the rendering device. The rendering device is running
also the webinosTV application which receives an incoming message with the file url
and then popups an HTML5 video tag setting the source to the specific url. In contract
to the DLNA/upnp technology, the device doesn’t need to have any upnp service and
this link can be easily generated via javascript, without the need for any complex xml
media descriptors. Moreover, thanks to the policy manager that controls all the in-
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coming webinos requests, the file url can be secured and allow access to only the
allowed rendering devices. In the current implementation of the webinos platform, the
file is being streamed as is, without any transcoding, via the build in webinos web
server. Although the research for the transcoding has been done and there is an implementation available, the transcoding functionality is a very resource intense activity which is not currently possible in low and middle end smartphones and thus could
not work in a real world scenario.
Using the webinos TV API, webinosTV can act as a television interface that utilizes
the new HTML5 video capabilities in order to render the channel content to a full
screen widget. This stream can be requested by any webinos enabled device easily,
allowing devices that don’t have television reception capabilities to stream the content
form other devices. Same as the File API, the webinos TV API exposes a stream
property for each channel available by the television receiver. The webinos TV API is
available for setop boxes that are based on a linux kernel and also available for PCs
that have a DVB stick. Any DVB stick that mounts on /dev/dvbt/adapter0 can be used
in order to access the TV channels and stream their content.
Being part of the user’s personal zone hub, the webinosTV can send and receive messages from other devices using the webinos app2app API. This enables the
webinosTV application to execute in a controller mode which easily controls the displaying media on other devices, using the native capabilities of the device it is running on, such as the multi touch screen or the accelerometers in order to enable gestures (Figure 3). The app2app API allows the developers to send any kind of json
object as a message, to any other connected device. The application joins a channel
that is unique based on a URI that is defined by the developer and receives messages
from the rest of the devices in the form of a javascript event.

Fig. 3. webinosTV allows gestures to control media display

Moreover, since webinosTV is built on top of the webinos infrastructure, the user can
access all devices (PZPs) that are connected to his Personal Zone Hub (PZH) and
stream the content from one device to another. Since the file API is a webinos plat-

242

form API, the device doesn’t need to be running the webinosTV application in order
to expose the files stored in it. The developer can access the remote file API, display
the list of files and also invoke the getLink function in order to feed any other device.
Accessing the remote API is done in the same manner as accessing local APIs, since
in order to get a handle to it, the developer has to invoke the
webinos.discovery.findServices function passing in the API’s URI. This method will
return all available APIs on all the interconnected devices.
webinosTV also demonstrated how easily a user can connect to the PZHs of his
friends and, if they allow it, he can access media from their devices too. In order to
enable the last feature, the user must connect to his friends’ PZHs. This is done via
the administration page of his PZH where he adds the address of his friend PZH and
requests to connect to it. After accepting the request, the two PZHs are interconnected
and the webinos discovery can retrieve a list of all APIs available on both PZ zones,
applying the necessary security trimming. This means that in order to access a remote
PZH API, the owner of the PZH must allow the caller to do so, using intuitive policy
rules which allow or deny access based on the device, the application or the user.

4

Summary

In this paper we presented the webinos platform that is aiming to enable immersive
ubiquitous software applications by leveraging the cross-platform possibilities of the
Future Internet. Building on HTML5/CSS, JavaScript and the webinos APIs,
webinosTV allows multiple devices of different users to share and show media contents, as well to control media reproduction, in a secure fashion. With webinosTV
links between source and target devices can be created intuitively while providing
access to the consolidated and shared content for the consumption on the desired
screen, marking a new era of cross device applications that augment the up to now
user experience with the TVs.
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