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Editorial 

Welcome to IEEE STCSN's E-Letter volume 2 number 2. This edition discussing a very interesting topic 
that steadily becomes more important: how does social networking integrate with video 
communication?  
 
This E-Letter contains contributions from a very interesting 
European research project, Vconect (http://vconect-project.eu/). 

 
The first article -Smart Video Communication for Social Groups - introduces the aims of that research 
effort. Another one - Taxonomies of Relationships in Multidimensional Social Networks - deals with the 
question which information can be extracted from social networks to assist intelligent reasoning 
processes like communicaton orchestration. Another article - Multi-Party Videoconferencing for the 
Web - is discussing integration of a video communication system with a social network. Another article 
introduces the concept of 'The Service Aware Network'. Last but not least, the article 'Supporting 
Student-to-Student Interaction' focuses on a use case supporting distance learning via video. Please also 
have a look at the STCSN Selected Featured Article and our regular list of endorsed workshops, 
conferences and journals. 
 
For future editions, please feel invited to submit both individual articles, or to propose a special E-Letter 
edition on a certain topic or activity, like a research project. And should you want to become an active 
IEEE STCSN member, just contact us! 

 

  
Enjoy reading, 
Rene Kaiser 
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Abstract—This article introduces the Vconect project. 
Vconect (Video Communications for Networked Communities) is 
a collaborative European research and development project 
dealing with high-quality enriched video as a medium for mass 
communication within social communities. The technical 
capabilities where Vconect innovates concern: high quality a/v 
capture, dynamic a/v composition, network resources 
optimization and communication orchestration. The project is 
driven by two main use cases.  The first focuses on the integration 
of live video communication with social networking services. The 
second focuses on distributed performances, their automatic 
representation to remote spectators and the support for social 
interaction around such performances. 

Keywords—video conferencing, telepresence, social 
communication, group interaction mediated performance, active 
audiences  

I. INTRODUCTION 
Video communication is growing in popularity, with major 

manufacturers, such as Microsoft/Skype and Google, targeting 
the consumer end, group communication, and more 
comfortable modes of use. This is not at all surprising, as 
people naturally need to see and hear each other when they are 
in conversation. Body language and voice intonations are an 
essential part of the communication, in many instances more 
important than the words themselves. Furthermore, being able 
to show each other the objects and events about which we are 
talking, through video snapshots and audio recordings, 
significantly improves the quality of the conversation.  

Social networks have taken the world by storm, having 
already become an intrinsic part of our social fabric. For 
example, in April 2014, Facebook reported 900 Million unique 
monthly visitors and Google+ 120 Million1. This is not at all 
surprising, as people are social beings: we need to form 
communities and interact with each other. Community 
interaction and belonging is an intrinsic part of our sheer 
existence and well-being. We have to share thoughts with each 
other, help, teach, play, or simply engage in idle chat.  

Until recently, these two natural and complementary forms 
of mediated social interaction were more or less separated from 
each other. However, advancements have been made in 

                                                           
1 http://www.ebizmba.com/articles/social-networking-websites 

integrating them, for example by Facebook, which has 
integrated Skype and is now offering point-to-point live video 
communication, and Google+, which is offering an integrated 
video group communication, via Hangouts. However, more is 
left to do for their full integration. As a matter of fact, 
“integration” is probably not the right term, as new forms of 
mediated social interaction could emerge by taking the two 
paradigms as starting points. 

This paper presents Vconect, a project that focuses on the 
development of new forms of social interaction through live 
video, but also considering their integration with social 
networks.   

Taking the perspective of live video communication only, 
Vconect considers two tightly-linked great challenges: 

• provide for the complex and dynamically changing 
topologies of social group communication (figure 1), 

• observe the clients and network constraints with 
regards to audio and video capture, transmission, composition 
and rendering.  

Figure 1: Example of a complex topology of social group 
communication 

The former challenge refers to the ability of the overlay 
network to dynamically adapt, in aspects such as active 



cameras and flexible modes of compositing and mixing the 
video content on each screen, to respond to aspects such as 
number of simultaneous users, the roles they have in the 
communication, the ability to separate into subgroups and have 
parallel conversations, the ability to deal with larger groups 
interacting with each other from different locations (see the 
figure 1 above for illustration).   

The latter challenge refers to the ability of the overlay 
network to dynamically adapt in aspect such as encoding 
parameters (bit rates, resolution, formats, etc.) and transmission 
routes (to minimize delay) and to perform partial composition 
in the network, both view a view to optimizing the 
communication experience together with the cost of the 
network operation.  

 
Figure 2: Example of deploying two video routers to optimise 

video traffic and minimise delay  

There are various issues generated by each of these two 
challenges. However, they ought to be addressed 
concomitantly, if robust and effective technical solutions are to 
be developed.  

The Vconect project2 is an example of such an endeavor 
and the remainder of this paper will presented challenges as 
considered and solutions as devised by Vconect.   

II. THE VCONECT PROJECT  
The Vconect vision is the adoption of high-quality enriched 

video as a medium for mass communication within 
communities.  

Vconect is building a video communication platform which 
models and supports the complex communication topologies 
that characterize conversations between group members. The 
system takes intelligent decisions to mediate the 
communication at the level of audio-visual choices, screen 
layout and network capabilities. Vconect is ensuring the wide 
applicability of the platform by implementing, testing and 
evaluating it in the context of two different use cases. The first 
use case is based on the integration of video experience into 
social networking services, the second on group mediated 
performance. 

                                                           
2 http://www.vconect-project.eu 

Vconect’s technological challenge is to develop 
components which enable a service-aware network. They must 
work together to intelligently and dynamically optimise 
network and media processing resources to satisfy the changing 
requirements of group conversations in communities. The 
requirements for high quality audio and video and low latency, 
which are inherent in a high quality experience, make this 
challenge even more demanding. 

Vconect is advancing the state of the art in the following 
areas: 

• Capture – Vconect allows for multiple cameras and 
multiple microphones at each end. This gives flexibility as to 
what is captured, including the ability to switch camera views, 
much like a TV director does when ‘calling the shots’, and also 
to choose what elements of the audio scene to capture. 

• Composition – Composition relates to the way that the 
video and audio are presented to those involved in the group 
video chat. Vconect provides different views for different 
people and different interaction contexts; in some situations it 
may be good for all participants to see each other all the time; 
in other cases it may be best to see just one other person in full 
screen mode, for example. 

• Network Optimisation – Vconect proposes the use of 
a service-aware network to facilitate transmission of audio and 
video streams. The service-aware network can dynamically 
decide where to place certain network components and should 
allow the service provider to control cost and the quality of 
experience for participants. 

• Communication Orchestration – Orchestration decides 
which content is shown at each endpoint from the multitude of 
sources from the other endpoints, and also on how it is to be 
composited. The orchestration process has to be aware of the 
participants and the current communication context. It needs to 
know what audio video sources are available, i.e. what is being 
captured, it needs to collaborate with network optimization and 
it needs to instruct composition. 

To help frame the requirements and test the innovations 
Vconect is working on two use cases: 

1. The Performance use case – which links two sets of 
actors in two locations, through a video communications 
system in order to deliver one scripted performance. This is 
developed in collaboration with The Miracle theatre company 
in the UK.  

2. The Socialisation use case – which adds group video 
communication capability to a social network designed for 
schools. This developed in association with SAPO/Portugal 
Telecom on their social network SAPO-Campus. 

III. THE PERFORMANCE USE CASE: USING SMART VIDEO 
COMMUNICATION TO SUPPORT INNOVATIVE MULTI-SITE 

THEATRICAL PERFORMANCES  
Despite the increasing fidelity of recorded performance, be 

it of musicians, dancers or actors, live performances retain an 
enduring appeal.  At the same time the nature of performance 
continually evolves, responding to the affordances provided by 

http://www.vconect-project.eu/


technology. Two particular trends include that of live streaming 
performances from theatres to cinemas, so that stunning 
performances can be enjoyed by people unable to travel to, or 
be accommodated within, the venue housing the performance3.  
The second involves the audience moving between a number of 
performance spaces to find and appreciate different elements of 
the performance that they have to subsequently assemble to 
create their own stories from which they can derive meaning4. 

Vconect seeks to work at the intersection of these two; 
working with Cornwall based Miracle Theatre Company we 
are deploying our technology with a performance of the 
Shakespeare play The Tempest adapted such that the story is 
told through performances that take place in two separated 
venues, each with their local audience. Smart video 
communications technology from Vconect will provide: a 
means for the performers in the two locations to communicate 
with each other; for the actors in each location to be aware of 
both the local audience and the audience at the remote venue; 
and for the audiences in both locations to be aware of the 
performances in both the local venue and the remote venues 
and to allow a home based audience to enjoy a streamed 
version of the performance synthesised from the audio and 
video captured from the two performance spaces. 

 

  

Figure 3: Schematic of the set up for The Two Site 
performance of the Tempest developed by Miracle theatre 

company showing that at each performance location multiple 
screens cameras and microphones are controlled using 
orchestration to control the way audio video signals are 

captured transmitted and displayed.  
                                                           

3 Live Streaming of theatrical performances was pioneered by 
The Metropolitan opera in New York and has been embraced 

by amongst others, the UK’s National Theatre (NT Live) 
http://ntlive.nationaltheatre.org.uk/ and by the Royal Opera 

House  www.roh.org.uk 
4 Punch Drunk have “pioneered a game changing form of 

theatre in which roaming audiences experience epic 
storytelling inside sensory theatrical worlds”. 

www.punchdrunk.com  

Vconect technology is being deployed to support this use 
case that involves multiple cameras and multiple screens at 
each performance space.  In addition new technology is being 
developed that will enable smart video communications to 
operate effectively in this complex scripted context.  Tools are 
being developed to enable the writer to provide directorial 
instructions that can be translated into a machine readable 
instruction set that will control which audio video signals are 
selected for transmission, how they transmitted, and how they 
are displayed at each viewing location. 

This deployment will allow Miracle Theatre Company to 
explore the challenges and opportunities associated with such a 
multi-site performance and will help them to pursue their goal 
of defining new genres of performance that mix theatre and 
film. At the same time it will help Vconect to develop tools that 
are well suited to the workflow required for theatrical 
performance. 

The performances are scheduled for September 2014 and 
will take place in Cornwall in the UK.  

IV. THE SOCIALISATION USE CASE - INTEGRATING 
SMART VIDEO COMMUNICATION INTO A SOCIAL 

NETWORKING SERVICES 
The general use case targets the integration of real-time 

video communication with more asynchronous communication 
on social networks. It is formulated to understand how real-
time video communication could enhance social networking 
forms of group communication, and to explore the dynamics of 
their relationship. For example, the way people migrate from 
one form to the other, how they (re)use resources between 
platforms, and what could be extracted from these interactions 
in order to improve the overall quality of the communication 
experience. Inherently, this case will explore more complex 
topologies of real time video communication than those 
supported by existing SoA systems, for example considering 
more communication nodes or subgroups, the latter referring to 
the ability of having a conversation within a smaller group 
whist still having presence in a/the larger social group.  

This use case will be implemented through ”SAPO 
Campus”, SAPO being a brand of Portugal Telecom and 
Campus its platform for social media based learning, which 
targets schools and universities and can be used by both 
teachers and students. On top of the usual social networking 
features, like activity feeds of status updates, comments, 
forming groups, sending private messages, it includes SAPO’s 
well-known services like blogs, photo, video and file sharing. 
Importantly the system also enables some of the functionalities 
of a learning platform, the ability to set homework, to submit 
homework and to keep track of a student’s progress. The 
content and applications are fully owned and managed by the 
community with their own branding. SAPO Campus is 
different in nature from large well-known social networks as 
people in the same instance of the Campus are part of the same 
institution, providing a strong sense of community and 
responsibility. Moreover, it empowers schools as content 
providers giving them a public face and a single hub for their 
content. 



A Vconect enabled video communication capability will be 
integrated with SAPO Campus, allowing seamless transfer 
between real-time video communication and the other currently 
supported forms of communication.  

A key challenge for live video communication disclosed by 
this use case is the ability to support ad-hoc groups.  Different 
groups, at different times, may initiate real-time video 
communication sessions between their members. To simplify 
the description, let us follow one of these groups only. Its 
members are video-connected, but at the same time they may 
have active links with other users on SAPO Campus. At the 
same time, the group may be visible as being engaged in a 
video communication. Other users, if allowed, may join the 
conversation. Existing members may leave. The main topic of 
conversation may branch off into a number of subthemes. They 
may generate the formation of subgroups, each subgroup being 
intensively engaged in conversations around its topic, but 
having the ability to “have a presence” in and maybe even 
“keep an eye on” on what is going on in the main group. As 
users can join and leave as they wish, this process leads to 
dynamic clusters that “travel” across the community, like 
swarms. Facilitating the communication needs in such dynamic 
structures is a challenge to address – this will be done under the 
heading of orchestration. Developing overlay media network 
optimisation techniques and the associated configurable media 
rich processes, necessarily required by such configuration, is 
another challenge – this will be done under the headings of 
service aware network and configurable a/v processes.   

Actively connected members may decide to illustrate their 
points with sample media, which they access through the 
existing SAPO Campus interfaces. Combining the real-time 
video conferencing feature between groups with the ability to 
share time-based media is another challenge generated by this 
use case.  

 Finally, metadata extracted from the integrated 
communication platform (live video and SAPO campus) can 
inform its decision making process, such as the way recorded 
media is suggested or the way the real-time video 
communication is orchestrated. 

 
Figure 4: The Vconect video communications client 

integrated into the SAPO Campus social network site. 

Through this summer (2014), Vconect is conducting a trial 
aiming at evaluating the integrated communication platform 
and the users’ communication experiences it can support.  

Vconect aims to provide an open web interface similar to 
WebRTC, which provides group video conferencing 
capabilities similar to Google Hangouts. The first successful 
implementation based on the Vconect API has been completed 
and the open API has been made available at Codebits 20145. 

V. EXPERIMENTS TO UNDERSTAND THE MAIN 
REQUIREMENTS OF INTEGRATION OF VIDEO 

EXPERIENCE INTO NETWORKING SEVICES 
Complementing the research driven by the two use cases 

described above, Vconect also explores the development of 
main technical capabilities through experimental enquiry. 
Three are summarised below.  

A. View-modes and orchestration  
A desktop screen could be organised such as to 

accommodate different video windows of different sizes in 
order to make the group conversation as easy and fluent as 
possible. Different such views will suit different people 
depending on the context. In some situations it may be good for 
all participants to see each other all the time; in other cases it 
may be best to see just one other person in full screen mode. As 
conversation roles change, it is very likely that a particular 
window should be used to show more than one group member, 
this leading to the requirement of mixing streams from 
different locations. Not only this, but the actual layout 
organisation may have to change in time, as the communication 
contexts change. We refer to the layout organisation of the live-
video windows on the screen as view-mode. Orchestration is 
the process that decides how content from different sources 
should be mixed in each particular window, depending on the 
conversation context, as well as choosing a particular view-
mode. An experiment was carried out that compared 
communication experiences in three main view-modes (see 
figure 5 below):  

• Mosaic – participants could see everyone including 
themselves in a mosaic of video windows of equal size 
uniformly distributed on the screen.  

• Unbalanced Mosaic with one main view plus a 
number of small windows below it (similar to Google+ 
Hangouts) – based on voice activity detection, the active 
speaker was displayed in a main window and the five 
remaining participants were displayed as a row of five tiles at 
the bottom of the screen.  

• Full Screen – just one main window in full screen, in 
which, again based on voice activity detection like in the above 
condition, participants only saw the active speaker. 

 
Figure 5: Candidate view-modes for group video 

communication 
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A total of 54 volunteers were employed in this experiment, 
of which 18 were females (mean age 18.24, SD = 4.07) and 36 
males (mean age 20.31, SD = 7.54). 16 were aged between 14 
and 16 and 31 were aged between 17 and 30. There was a high 
predominance of participants that were under 20 years of age, 
as they were recruited from local secondary schools, colleges 
and universities.   

Initial conclusions based on cluster analysis suggest that the 
Mosaic view mode is better suited to supporting fast turn 
taking, providing a sense of group cohesion whilst at the same 
time supporting the conveyance of the individuals’ presence to 
each other (group presence). The Full Screen view mode 
appeared to be better suited to supporting slower-paced 
communication instances, of a more intimate nature, in which 
where there is mostly one person talking and an audience can 
see the facial expressions of the speaker in great detail. The 
Unbalanced Mosaic view mode is an interesting compromise 
between the other two more extreme cases, providing both for 
faster paced conversations and group presence, as well as 
slower paced conversations of a more intimate nature. 
Obviously, though, it also fails to provide best results in either 
of the two extreme cases. A more detailed description of the 
experiment and its finding is currently submitted for 
publication. Future experiments will also explore the effect of 
dynamically changing the view-modes through orchestration. 

The three view-modes experimented with are currently 
supported also by Skype and the latter two by Hangouts. 
Nevertheless, on one hand, there is an open space of solutions 
when it comes to implementing the orchestrated behaviour of 
the system within these modes – i.e. how content is mixed 
within each window and how the view-modes change in real-
time. On the other hand, there is also an open space for 
solutions regarding the way in which the network transmission 
is being optimised. In fact, it is the collaboration between these 
two reasoning processes that raise many research questions and 
provide space for innovation.  

B. Social communication in living room setups  
Video communication is not just about the desktop and 

Vconect is aiming to explore other communication setups such 
as, for example, sit-back communication via TV screens and 
multiple cameras that could cover living room spaces.  

Vconect carried out an experiment based on a 
communication between three typical living room setups, each 
equipped with multiple cameras and a large TV set. 
Participants (6 per session) were invited to prioritise the 
qualities of their dream holiday and home in an informal 
context. They experienced two conditions:  

• a split screen showing wide shots of the two other 
rooms and an orchestrated condition which provided.  

• an mixed stream composed of wide shots and close up 
shots from the other two living rooms.  

The shots in the second condition were automatically 
chosen according to a voice activity cue which was 
transformed into conversation turn taking information.  

 

 
Figure 6: Room layout for the experiment looking into 

social communication in living room setups 

A total of 24 volunteers took part in the experiment, of 
which 18 were female (mean age 22.89, SD 3.86) and 6 were 
male (mean age 22.83, SD 3.25) and they were all students at 
Goldsmiths, University of London.  

The participants reported some very interesting effects of 
the difference between the orchestrated and static conditions. 
Many enjoyed the feeling of intimacy that emerged from 
seeing the detail of the close up shots but, at the same time, felt 
that a different segmentation of the communication space had 
occurred. For example, they considered that an intimate 
conversation was possible through the orchestrated condition, 
but not through the static split-screen condition. However, 
when the conversation was animated the split-screen condition 
was preferred as sometimes, when the rhythm of the 
communication was too fast, automatic mixing – that is 
orchestration – could not keep up with it. The more detailed 
description of the experiment and the corresponding results are 
currently being prepared for publication.  

These insights combined with those gained from the View 
Mode experiments are suggesting that orchestration needs to 
optimise the need for seeing the active speakers as well as 
providing for group presence, but also for other, more subtle, 
aspects of the conversation. At the same time, orchestration 
should dynamically control the screen layouts (e.g. mix split 
screens with full screen).  

C. Virtual microphone 
The aim of this work is to capture the signals of a remote 

distant speaker using discreet arrays of static microphones. 
This is achieved through complex signal processing.  

The functional design of the signal processing system 
capable of developing a “virtual” microphone using signals 
from an array of microphones has been built and tested in lab 
conditions. A recording of a man and a woman speaking 
together in the same room (not to each other just speaking at 
the same time) was played through loudspeakers. Algorithms 
to generate virtual microphones have been evaluated using a 
variety of internal parameter settings. The system assesses 
diffuseness and direction of the audio sound scene in 
time/frequency-space using the signals of the two arrays of 



microphones as input. The signal processing then attempts to 
reconstitute an audio signal from a given location in the sound 
scene. 

 
Figure 7: Photograph of lab set-up used for testing the virtual 

microphone performance 

VI. CONCLUSIONS  
 Video communication for social groups is a large 

essentially unexplored domain. Initial solutions for simple 
setups have been built, particularly by Microsoft Skype and 

Google+ Hangouts, but these represent the early steps on this 
vast unexplored landscape. Vconect represents yet another step 
forward in this exploration. Vconect considers more complex 
communication topologies and is working on the development 
of a number of core technical capabilities, regarded as essential 
in supporting more complex communication structures, 
namely: encoding of high quality audio and video, dynamic 
audio-video composition, and automatic decision making 
processes able to adapt the communication infrastructure to the 
dynamic needs of social communication.   
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Abstract — As information technology has advanced, the 
usage of online social networks rapidly increased at the same 
time, and social interaction shifted onto these platforms. Online 
social networks have gained significant popularity and are now 
among the most popular sites on the Web. Likewise, sophisticated 
video communication systems, which in the past mainly 
concentrated on the business videoconferencing market, are 
shifting into the private domain. In the realm of these 
developments, we are aiming for integration of online social 
networks with intelligent video communication systems. Relevant 
information extracted from massive amounts of online social 
network data could inform intelligent behaviour within video 
communication systems, and therefore needs to be extracted. 
This article presents a selection of taxonomies of relationships as 
basis for multidimensional social networks that we consider 
relevant for such purposes. As users might not necessarily be 
very active, this selection also considers how well it could work 
with sparse network layers. Based on a literature study, we 
conclude that the combination of layers with sparse information 
onto a multidimensional network usually increases the usefulness 
of the data for its analysis. 

I. INTRODUCTION 
Social networks data is mainly composed out of social 

relationships. These relations are created by either by users, or 
by the online social network platform itself automatically. 
People who interact with each other, e.g. by sharing common 
activities or being member of a common group, form a social 
network. Users can establish groups of common interests, 
interact and collaborate with one another and create conscious 
(explicit) or unconscious (implicit) relationships. The social 
network makes the ways in which users are related explicit, 
and thereby allows to analyse how they are connected, based 
on one or several relation types [4]. Implicit relations can be 
extracted from online social network sites with state-of-the art 
algorithms.  

The relationships in an online social network can be 
categorized in many different ways, based upon different 
taxonomies that reflect certain aspects of the relation. Each of 
these categories represents additional information that can be 
exploited to analyse the relations’ characteristics and their 

dynamics. These taxonomies must be carefully examined 
regarding the purpose of the analysis. Once the data is 
extracted, the categorization creates a consistent and 
overarching view on each relationship. Exploiting this 
additional information about each relationship, in contrast to 
utilizing only the basic information about the relation (e.g. 
actor, object, relation type, weight), can be a big advantage in 
terms of network analysis. 

A social network analysis algorithm could focus for 
example on communication between users, and as a first step, 
it would create a social network based on direct relations 
between users. On the other hand the analysis could also be 
based on common activities like sharing or liking an image, or 
commenting on the same blog post, which would allow 
extracting indirect relationships. Merging multiple such layers, 
possibly both more topically-related and socially-related links, 
into a multidimensional social network can be more useful 
than examining online social networks containing only sparse 
information [5].  

The analysis’ purpose that serves as context for the 
considerations of this article is to extract useful information 
from an online social network that can feed into the social 
network’s video communication system. The more the latter 
knows about the participants of the current session, the better 
it can satisfy the individual needs and preferences of its users. 

Which pairs of users of the videoconferencing session 
have the strongest social ties? Which of them have a common 
interest about the topic that is currently being discussed 
(speech to text based analysis)? Which users within the group 
have a special static role, like the teacher in a session together 
with pupils? Knowing about the participants’ communication 
behaviour regarding text-based interaction in the social 
network (cp. [13]), could we predict their behaviour in video 
communication, e.g. who is shy and who will dominate the 
conversation by speaking all the time? 

One aspect in video communication systems that could 
utilize such information is communication orchestration [14, 
10]. This concept refers to an automatic process that decides 
which of the available video streams in a group video 
communication session are displayed for each particular users, 
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and how. Especially in larger groups or setups with multiple 
cameras, orchestration can help users to see (and hear) what’s 
most relevant to them at each point in time, supporting the 
users’ individual communication needs. Putting the right video 
streams on screen in proper size, based automatic 
understanding on verbal and non-verbal interaction, enables to 
follow the dynamic conversation and to read facial 
expressions and subtle communication cues. In that sense, 
communication orchestration can exploit answers to the 
example questions in the previous paragraph. 

A concrete example: if the videoconferencing system has 
access to all profiles of the session’s participants, it could 
derive static roles like “teacher” and “pupils” in this setup. 
The visual presentation could hence adapt, supporting the 
teacher with a good overview of the group in terms of camera 
selection and presentation, and supporting the pupils by giving 
the teacher a special, more important role, keeping him or her 
visible on screen most of the time, even when another pupil 
would be speaking. For further details on communication 
orchestration, please refer to [10] and [14]. 

This article is structured as follows. In Section II we 
discuss related work from the field of social network analysis, 
in particular such with connection to communication 
behaviour in online social networks and such that is generating 
social networks out of different feature layers. Then, we 
highlight basic information about the taxonomies of 
relationships and the specification of multidimensional social 
networks. We conclude a literature research by proposing and 
discussing a selection of relevant taxonomies with the use-
case of informing communication orchestration in mind. 

II. RELATED WORK 
Social network analysis has long been an interesting area 

of study in the fields of human computer interaction, 
sociology and computer supported collaborative work. In 
general, online social networks display a rich internal structure 
where users can create relations of various types and mostly 
decide which and how many relations to create. 

Those networks have existed since the beginning of the 
Internet. The graph derived from email communication can be 
used to form a social network. These communication networks 
have been studied by Diesner [11] in 2005 where email traffic 
of 21,000 employees was analysed. Dynamics of the structure 
and properties of the organizational communication network 
were explored, as well as the dynamics of the characteristics 
and patterns of communicative behaviour of the employees 
from different organizational levels. 

Social networks illustrate the relation and connection 
between users and, as mentioned before, these connections or 
ties between users can be based on to either one or several 
relations. If those relations are weighted, the network can be 
treated as a fuzzy network [8]. 

Multimedia sharing sites like Flickr already have been 
subject of many social network studies. New relations emerge 
from the users’ common tags. Direct links between contact 
lists were also studied. Based on a Flickr dataset, Kazienko [9] 
defined nine types of relations between users. These relations 

were extracted from the contact lists, tags, groups of items and 
their authors, favourite pictures and comments to pictures. 
Some of them, like favourites and comments, were then split 
into three sub layers, e.g. author-commentator, commentator-
author and commentator-commentator.  

III. TAXONOMY OF RELATIONSHIPS 
A relationship in an online social network can be clustered 

in many different ways and based on various characteristics. 
In this section we give a short overview of selected 
taxonomies we propose to utilize for supporting intelligent 
video conferencing tools that are integrated with online social 
networks. These taxonomies are useful for the observation of 
the relations between two users. In certain cases, the relation 
between two users is defined by a common relation to a third 
object, which we refer to as meeting object in the following. 
The following is based on previous work by the authors of [1], 
[2], [3], [6], and [7]. 

A. Relationship creation 
An obvious classification is based on the active subject 

that created a certain relationship. It can be divided into three 
main types: 

• Created by the users themselves, e.g. by adding 
another user to a follower list, or by exchanging 
messages with another user. 

• Established by the system, e.g. by profile matching, 
also called demographic filtering. 

• A combination of the previous, e.g. when the system 
suggests a new relation and the user confirms it. 

Further, relationship dynamics like durability and intensity 
of a relationship can be predicted to a certain degree based on 
the relationship origin. Determining the creator of a 
relationship leads to a classification of users who are very 
active in creating new relations [1].  

B. Awareness of involved users 
Another aspect of social relationships is the awareness of 

the users involved within a relation: 

• Both users are aware of the relation, e.g. by 
exchanging messages directly with each other. 

• Only one user is aware of the relation, e.g. user A is 
referring to user B in messages or posts. 

• No user is aware of the relation. These relationships 
are usually based on profile matching, a process 
automatically performed by the system in the 
background. Usually, these are not directly visible to 
the users. 

This awareness typically correlates with the level of 
activity within the network. If the relations of a network are 
constructed mainly out of relationships where both users are 
aware of it, chances are higher that these networks survive. In 
terms of relationship dynamics, the awareness factor is also 
important [1]. Do relationships behave differently when they 



start off created by the system or when both users are aware of 
the relation right away? 

C. Direction of relationship 
As another relevant taxonomy, the direction and mutuality 

of the connection between users can be divided into three 
types: 

• Asymmetrical, e.g. user A follows user B but there is 
no connection from B to A. 

• Symmetrical, i.e. a relation exists when a mutual 
relationship exists between users or when users share 
a common activity, e.g. liking the same comment. 

• Reflexive, e.g. connections from users back to 
themselves, commonly excluded from consideration 
for analysis purposes. 

Changes in the directions of relationships can be used to 
analyse the relationship dynamics, e.g. to what extent and 
when do asymmetrical relations change to symmetrical, and 
vice versa [9].  

D. Data used to create relationships 
This taxonomy is based on the type of data used for 

relationship creation. Splitting relationships into categories 
based on the type of data used to create those relations, adds 
additional granularity level to the analysis. Based on [4], we 
divided the relationships resting upon the following three 
compound data types: 

• Mutual communication, e.g. direct messaging, email 
exchange and instant messaging. 

• Common activities, e.g. commenting, liking, sharing 
the same (media) object. 

• Profile matching data, e.g. contact lists, geo 
information or user profile information. 

This categorization enables the investigation of the 
correlation between these features and type of data used to 
create a relationship. Considering the observation of just a 
single activity, e.g. the commenting of a photo, the 
information has limited usefulness for the analysis of the 
whole network.  For example the relation was created because 
two users commented the same photo but after that they just 
exchange direct messages. Only larger sets of data bring 
insights into the relationship dynamics (cp. [1]).  

E. Directness of relationships 
The directness of the relationship provides more useful 

information about the users and their interaction than other 
categories. There are three kinds of directness of a relationship 
[1]: 

• Direct relationship (Fig. 1). It connects two entities 
with a direct connector. This direct connector is 
related to a specific feature, e.g. communication or 
activities. For example, sending a message to another 
user is typically creating a direct relationship.  

 

 
• Quasi-direct relationship. The relation between the 

users is based on the connection to a certain object, 
e.g. posting, photo, and video conference session. 
There is a communication meeting object between 
users. The roles of a user within such a relationship 
can be equal or different regarding to the meeting 
object. 

• Quasi-direct relation with equal roles (Fig. 2). This 
means that the users A and B build up a relation 
through the meeting object and their role in relation to 
this object is the same. This usually occurs when 
participating in a common activity related to the 
meeting object, e.g. two users like or create a 
comment on the same meeting object. 

 
 

• Quasi-direct relation with different roles (Fig. 3). User 
A and B build up a relation through a meeting object 
but they act within different roles, e.g. user A creates a 
post or picture and acts as the creator of the meeting 
object and user B comments or likes the meeting 
object. 

 
 

• Indirect relationships. Two users are connected by 
indirect link when their user profile information are 
similar to each other. 

With the categorization of directness of a relationship, 
further characteristics can be analysed and exploited. Type of 
active subject, awareness of the users, mutuality of the 
connection and the data type used as meeting object can be 
defined. 

IV. MULTIDIMENSIONAL SOCIAL NETWORKS 
A social network created out of the users’ communication 

behaviour consists of a single layer. However, a social 
network extracted from a typical online social network is 
based on a range of individual features available from users. 

Fig. 1. Direct relation with uni-directional connections. There could 
also be direct bi-directional relations. 
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Fig. 2. Quasi-direct relation with eaual roles. 

Fig. 3. Quasi-direct relation with different roles. 



The set of connections and relationships is derived directly 
from data about user activities, e.g. comments on blog posts, 
liking and sharing pictures, follower and followee links. Each 
feature may bind users in a different way and forms another 
kind of relation. Using the relationship taxonomies described 
above for every applicable feature creates a certain social 
network layer.  

A connection between user A and B exists if at least one 
relation of any type is present. All of them combined create a 
strongly related group of users. Considering an online social 
network with only sparse information on a particular group of 
users, the observation of only one relationship feature would 
not give useful data to analyse [9].  

For better understanding, Figure 4 shows a simple 
illustration of a multidimensional network and its combination 
of different layers. The bottom layer (resulting network) is a 
combination of three network layers based on different 
taxonomies and aspects. The figure contains five different 
users A to E displayed in bordered rectangles and meeting 
objects 1 to 3 displayed in double bordered green boxes. In the 
meeting object creator layer, the direct connection between 
meeting objects and their creator is illustrated. Since there are 
three meeting objects, there must be at least one, up to a 
maximum three, creators connected to them. The 
communication connection layer shows the user-to-user direct 
communication connection. In our example, user A follows 
user B, and E follows D. The meeting object commentator 
layer shows the connection between the meeting objects and 
the creation of comments. The combination of those three 
layers is shown in the bottom layer. 

The combined multidimensional layer gives a complete 
overview of the whole network. It contains all the previous 
connections and enables more complex analysis methods. For 
example, in none of the other layers a connection from user A 
to D was clearly evident. Combining layers with sparse 
information can create a network with dense connections and 
serves as a basis for typical network analysis methods [1]. 

V. DISCUSSION 
In this article, we discuss possibilities for information 

extraction out of an online social network environment. The 
use-case we had in mind was to extract information that could 
support a real-time video communication system [10, 14] 
which exploits users’ social media profiles and streams as 
background knowledge for orchestrating video 
communication. Especially information about the 
communication behaviour inside the network with the other 
participants of the video conference session could be 
interesting for orchestration purposes, as well as shared 
common activities and similarities of user profiles, such as 
common interests. 

Information about the users’ connections inside the online 
social network can be used to inform communication 
orchestration and network optimization components of a video 
communication system. This could bias camera selection in 
order to preferably show other users that are strongly 
connected to the current user, which may especially support 
users in heated discussions of larger groups where it is 

difficult to keep the overview. General classification of user 
profiles can be used to specify communication preferences. 
Orchestration may even influence the conversation as a 
moderator through its actions, for example supporting shy 
participants to participate by giving them visual presence 
easier than others once they decide to actively communicate. 

This work is part of an ongoing research activity. So far 
we have not managed to implement a dedicated social network 
analysis component that is integrated with our video 
communication system. Therefore, this article does not include 
any evaluation of the construction of a multidimensional 
social network and the usefulness of the presented taxonomies 
for our application. 

The limitation of each of the selected taxonomies in 
isolation is that they can be used to analyse only one feature of 
the relationships between users. To create a complete 
description of a certain relationship, it is essential to define a 
category within each of the selected taxonomies. Utilizing this 
extra information implies benefits for the analysis. Only the 
compound set of relationships should be used for creating a 
layer for the multidimensional social network observation. 

Our literature research has further confirmed that the 
combination of multiple relation types based on different 
social network features also gives more insight into the global 
social network, especially if the existing data is sparse. 
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Fig. 4. Combination of feature extraction layers to a combined multidimensional social network layer. User entities are display in colored rectangles labelled 
A to E. Meeting objects are depicted as green double borderd rectangles. The arrows illustrate the relation between the entities and objects.  
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Abstract— There is increasing interest in videoconferencing 
for social networks, but web developers are facing two basic 
challenges: Easy integration and scalability. The latter can be 
solved by a scalable architecture based on central media routers, 
which makes pragmatic use of the available resources while 
allowing low complexity server components. Easy integration, on 
the other hand, requires a simple API with inherent support for 
multipoint and intelligent audio and video composition. In this 
paper we describe how the EU-funded research project Vconect 
has addressed these two challenges and compare the results with 
Google+Hangout and WebRTC. As a prove of concept, the 
Vconect platform has been integrated with SAPO Campus, a 
social network operated by Portugal Telecom Group, with 
positive results from initial trials. 

Keywords— video conferencing, social networks, scalability, 
WebRTC, API, Vconect 

I. INTRODUCTION  
Videoconferencing in the web has made huge progress in the 
recent years and has become more and more popular among 
users of social networks. The most prominent example is 
Hangouts in Google+ [2], which has evolved into a very 
attractive and feature-rich service. However, Hangouts is 
tightly coupled to Google+ and cannot be used easily in other 
social networks or small web services. Especially when a tight 
integration with the web application is desired, developers 
cannot make use of Hangouts. As an alternative to Hangouts, 
WebRTC promises easy integration into web services by 
making it a part of web browser and HTML5. However, 
WebRTC is focused on point to point communication between 
browsers and does not support multipoint conferencing 
directly. Although WebRTC can be extended to address 
multipoint conferencing, the resulting solutions require 
additional control logic to be implemented, which is typically 
beyond the scope of a normal web developer. Hence, it is still 
difficult to integrate videoconferencing easily into any web 
application: Hangout cannot be used outside Google+ and 
WebRTC is not supporting multi-party conferencing in a 
convenient way. 

The EU-funded research project Vconect [1] has developed 
an alternative approach to video conferencing, which tries to 
fill this gap and make the integration and implementation as 
easy as possible for web developers. This approach is not using 
WebRTC or Google Hangouts but is based on an 
independently developed browser plugin. The goal is to make 
video conferencing as simple as integrating an image with the 

<img> tag in HTML. All the web developer has to care about 
is placing a <div> at an appropriate position on his web page, 
allowing the Vconect platform to take care of the logic behind 
and thus providing a good user experience. Vconect will 
consider the given size of the <div> and select an appropriate 
video composition and control strategy. This includes e.g. 
detecting who is currently speaking and enlarging his screen 
area. This intelligent control and presentation of a multi-party 
conversation in a mediated environment is termed 
“Orchestration” in Vconect, which is a key research 
contribution of this project. In this paper, however, we focus on 
the underlying architecture for media processing, i.e. media 
codecs and transmission. Special care has been taken to make 
effective use of network resources and keep the complexity of 
server components low, such that scalability to a high number 
of users becomes possible at low operational costs. In addition, 
we provide an overview of the Application Programming 
Interface (API) for web developers because we believe that 
easy integration is essential to the adoption in web applications. 

II. SCALABLE VIDEOCONFERENCING ARCHITECTURE 
There are several approaches to enable multi-party 
videoconferencing which impose different requirements on the 
client, server and network infrastructure, see Fig. 1. For 
example, clients can establish a fully meshed network in 
which each client establishes a peer to peer session with each 
of its N participants. Although this approach does not require 
any server infrastructure (except for session setup) it puts a 
heavy load on the upload channel because each client has to 
send N copies of his stream. In addition, each client has to 
decode N streams and mix those before playout, which 
increases its complexity. 
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FIGURE 1: ARCHITECTURES FOR VIDEO CONFERENCING  

The classic approach in Telecommunication is that of a 
Multipoint Control Unit (MCU), which acts as a central bridge 
in a star topology. This architecture is convenient for the 
client, because it can treat the MCU as a normal client and 
therefore establishes a normal point to point call. Therefore, 



only a single encoding and decoding instance is needed and 
also the channel usage in the uplink- and downlink remains 
unchanged. The drawback of this architecture is the complex 
MCU, which has to do encoding, mixing, and re-encoding for 
each of the N+1 clients. This can become a problem for the 
operation of the platform as it becomes expensive to run, e.g. 
when each session requires its own dedicated hardware server. 
This is particular true for web platforms with 1000s of users 
which are not willing to pay extra money for the service (if 
any at all). 

A good compromise between these two architectures is a 
central media router, which balances the requirements for the 
client and server in a pragmatic way. While maintaining a star 
topology, it replaces the bridge with a low complexity media 
router. Technically, this media router is implemented on the 
application layer and runs on a server with high bandwidth 
access. However, as the application running on this server is 
mainly forwarding packets, and therefore the term media 
router, or just router, is used. The key is, that the complexity 
of the router is minimal compared to the bridge. The drawback 
is a higher downlink bitrate and client complexity because 
each client receives streams from N participants and does 
decoding and playout similar as in the peer-to-peer approach. 
However, it turns out that a higher download bitrate is often 
acceptable in practice because of the asymmetric requirements 
in Internet traffic. For example ADSL links often have a ten 
times higher downlink speed than uplink speed and also 
3G/4G mobile networks are much more limited in the uplink 
than in the downlink. Besides, the additional client complexity 
of N times decoding is also acceptable, because decoding is 
less complex than encoding and can be well handled by 
modern PCs. Hence, the central media router architecture 
makes pragmatic use of the available resources in the client 
CPU and downlink channel, while allowing low complexity 
server components as needed for cost effective operation for 
many users. 

Because of the given advantages, the central media router 
architecture has been adopted successfully in the industry, for 
example by Vidyo [10], which has to be credited as one of the 
pioneers. However, the basic idea has already been proposed 
for audio conferencing earlier in 2003 by Prasad [14, 15]. The 
same approach can also be implemented in WebRTC when 
using special media routers [11, 16]. Also the Vconect project 
has decided to follow this approach as described in the next 
section. 

III. VCONECT ARCHITECTURE AND COMPONENTS 
The overall architecture and components of the Vconect 
platform are illustrated in Fig. 2 and are described in more 
detail below. 

A. Client Side 
The client side includes components for capturing, coding and 
transmitting audio and video.  These components are largely 
equivalent to those found in conventional video conferencing 
systems.  Encoding is based on H.264 video [12] and AAC-
ELD [8] audio. IP encapsulation is based on RTP [13]. Video 
is encoded in multiple resolutions and bit rates, such that 

adaptation to the network and client resources becomes 
possible. Which layers are transmitted into the network and 
forwarded to remote clients is decided by the Reasoning 
Layer. Audio processing is based on the Audio 
Communication Engine (ACE), which is a VoIP engine 
handling AAC-ELD coding, IP streaming, and echo control in 
a single module [9]. As required for the central media router 
architecture, the ACE can decode multiple audio streams and 
mix those before playout. This layer also incorporates the 
Video Composition Engine (VCE) which receives and 
composes multiple decoded video streams for presentation to 
the user. 
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FIGURE 2: VCONECT ARCHITECTURE AND COMPONENTS 

Moving up to the Analysis Layer, the Vconect client includes 
components for the automated analysis of captured audio and 
video streams, from which cues can be generated as an input 
to the Reasoning Layer. As a result, the Vconect platform can 
e.g. detect which participant is currently talking and show his 
video enlarged. 

All of the above components and functionality is integrated 
into a browser plugin, such that integration into web 
applications becomes as easy as possible. 

B. Server Side 
At the Content Layer, two main components provide scalable 
transmission of audio-visual streams: the Video Router (VR) 
and the Audio Router (AR). 

The VR is an efficient packet switch and replicator which 
connects multiple source video streams to multiple client 
targets. It does not implement any media processing but only 
forwards RTP packets. However, it acts as an end-point for 
RTCP [13] and can therefore monitor the network state on all 
links of the session. This network monitoring information is 
forwarded to the Reasoning Layer which is responsible for 
network optimization. This optimization is however out of 
scope for this contribution in which we focus on the media 
coding and transport, i.e. the Content Layer. Because the VR 
and AR are required to have a public IP address, they can also 
assist in NAT traversal and avoid the need for a full 
STUN/TURN/ICE implementation. In essence, the VR and 



AR act as an inherent TURN-relay and therefore simplify the 
overall architecture. 

The AR behaves very similar to the VR but selects M out 
of N audio streams to be forwarded to each client, where M≤N 
and typically set to M=2 or M=3. This follows the idea 
proposed in [14] in which it is observed that in a normal group 
conversation there are very seldom more than 3 participants 
speaking at the same time. This is a result of behavioral rules 
which are followed implicitly by humans in conversations. For 
example, if the current speaker is interrupted by another 
participant in the group, he will not continue to speak but give 
the other person a chance to take the floor (at least 
intermediately). Exploiting this behavior, the AR limits the 
audio bit rate on the downlink to M times the bit rate of a 
single speaker. In order to select the M most active speakers, a 
low complexity energy estimation algorithm is used which 
does not require full decoding of the audio packets. Hence, the 
required complexity in the AR is much lower than normal 
audio decoding and can basically be neglected. 

The Communication Layer includes the Session Manager, 
which is the hub of the communication framework in Vconect, 
enabling messages to be transmitted between components, and 
enabling users to find each other and join a Vconect session. 
While each videoconference session has its own instance of a 
Communication Manager (not illustrated in Fig. 2), the 
Session Manager is the central entry point for all clients 
starting new sessions. 

Another important aspect for a state-of-the-art video-
conferencing platform is its ability to run the server 
components in a commercial cloud platform. This allows 
scaling the service in an efficient way. In case of the Vconect 
platform, the AR has already been instantiated in the Amazon 
EC2 and work for the remaining components is ongoing. 

IV. DEVELOPER API 
A clear and simple Application Programming Interface (API) 
is crucial from the perspective of a web developer who wants 
to integrate group videoconferencing into his web site. 
Without loss of generality, we assume that this web site 
implements a Social Network (SN) with the required server 
infrastructure. The goal is to start a videoconference in a 
similar way as embedding an image using the HTML <img> 
tag. But instead of seeing a JPG image on the web site, the 
user will see a live videoconference and be able to participate 
in the conversation.  

To illustrate the overall architecture and message flow 
between the components we define four basic components as 
illustrated in Fig. 3. 

1. SN Client 

The Social Network Client is what the user sees and 
experiences when being on the social network. It is the web 
application running in the browser of the user and is typically 
implemented using HTML/CSS/JS. We assume that there is an 
existing web application that shall be extended with 
videoconferencing. 

 

2. SN Server 

The Social Network Server comprises all server components of 
the social network. This is where e.g. all user data is stored 
(pictures, messages, profiles) and the HTML content is served 
from. While the user is logged in the social network, the SN 
Client is talking to the SN Server through the SN-API, e.g. 
using HTTP and AJAX. This interface is out of scope for the 
Vconect platform but needs to provide some basic 
functionality, such as exchanging user identities. 

3. VC Client 

The Vconect Client is responsible for the actual video 
conference and is therefore transmitting and receiving live 
audio and video streams. It can be controlled from the SN 
Client using JavaScript through the Client API (VC-API). 
Multiple videos from multiple participants are composed and 
rendered into a rectangular area (<div>) of the SN Client. The 
VC Client is implemented as a browser plugin based on the 
Firebreath framework [5]. 

4. VC Server 

The Vconect Server comprises all server components of the 
Vconect platform, including video routers, audio bridges, and 
session management. All communication between the Vconect 
Client and Server is aggregated in the VC-API. This includes 
all media streams and control messages. Those are out of scope 
for the web developer, i.e. he does not have to care about 
H.264, AAC, RTP, RTCP, etc. 
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FIGURE 3: COMPONENTS AND INTERFACES BETWEEN THE 
SOCIAL NETWORK (SN) AND THE VCONECT PLATFORM (VC). 

There are two interfaces which a web developer has to consider 
for integrating a videoconference into a social network, i.e. the 
Client API (C) and Server API (S). The social network 
platform will have to use both to establish a videoconference. 

1. Client API (C) 

The Client API (C-API) is a JavaScript interface that controls 
the browser plugin. The SN Client loads the JavaScript library 
vConect.js from the Vconect Server which provides a 
convenient API to the web developer. It can be seen as glue 
code or wrapper code hiding some of the complexity in 
embedding the plugin and communicating with it. 

2. Server API (S) 

The two server systems communicate directly to each other 
through the Server API (S-API). For example, the SN Server 
will ask the VC Server to create a new session, i.e. a new video 
conference. This interface is using REST/JSON as a 



communication protocol. Currently it is focused on session 
creation/deletion and can provide information on running 
sessions and their participants. 

 The implementation of the SN-API is up to the social 
network platform and is not of concern to the Vconect 
platform. We simply assume that the relevant information can 
be exchanged, e.g. using AJAX. Similarly, the details of the 
VC-API are hidden from the web developer. He does not have 
to care how media is routed and which control messages are 
transmitted in the VC back end. Table 1 lists all methods on the 
Client-API and Server-API with a short description. 

TABLE 1: OVERVIEW OF API 

 
 
The starting point on the server side is creating a session 
through the createSession request; the VC platform allocates 
all required resources in the back end and returns a sessionID, 
which is comparable to the number/PIN of a conventional 
phone conference. It is in the responsibility of the SN platform 
to distribute the sessionID to all clients who want to join this 
session.  

On the client side, the starting point is the SN-Client 
calling the JavaScript function vConect(divID,sessionID, 
userID). The userID is a unique identifier for the user in the 
social network and is provided by the SN platform. Joining a 
video conference is then triggered through a call to 
vConect.startClient(). If the createSession, vConect() and 
vConect.startClient() calls are successful, then this is all the 
web developer needs to do. I.e. at this point of time there 
should be live audio and video flowing between the 
participants who can immediately start their conversation. 

The corresponding methods to leave a session and delete a 
session are vConect.stopClient() on the Client-API and 
deleteSession on the Server-API. Besides those and basic 
microphone control for muting (vConect.setMicrophoneOff(), 
vConect.setMicrophoneOn()), the only remaining API call to 
consider is the setting of view-modes. 
 A view-mode is a high level layout style, which describes 
the basic video composition and orchestration approach. As 
illustrated in Fig. 4, there are three view-modes which can be 
selected by the web developer and/or user.  In view-mode Tile, 
all participants are displayed simultaneously in tiles of equal 
size. There is no orchestration active as all participants are 
always visible. In view-mode Clean-Cut only a single 
participant is shown on the screen at any point in time and his 
video is scaled as big as the given <div> allows. The 
orchestration makes sure that the person who is currently 
talking is shown. The view-mode Standard, is a compromise 
between the above two options and very similar to Google+ 

(Google Plus) Hangouts. It shows the person who is currently 
talking in a larger video while still displaying the other 
participants in small videos (“thumb nails”). The transition 
during turn taking is animated. The corresponding methods are 
listed in Tab. 1. 

Tile Clean-Cut Standard
 

FIGURE 4: ILLUSTRATION OF VIEW-MODES. 

The described API is an interim specification and subject to 
change. However, the high level API as described above is 
expected to be relatively stable and mature. A lot of effort is 
needed to make the underlying technology work robustly in 
difficult network conditions. But this development is 
happening “under the hood” and will not affect the API. 

V. DEPLOYMENT IN SAPO CAMPUS 
The Vconect platform has been successfully integrated into 
SAPO Campus, a social network operated by SAPO, the 
Internet service provider of Portugal Telecom Group [6]. 
Currently focusing on schools and universities as closed user 
communities, SAPO Campus brings together all of SAPO’s 
social core services into a single out of the box web 
application. On top of the usual networking features, like 
activity feeds of status updates, comments, groups, private 
messages, it includes SAPO’s well-known services like blogs, 
photo, video and file sharing. All fully owned and managed by 
the community, with their own branding. SAPO Campus is 
very different in its nature from larger, better-known social 
networks, because people in this network are members of the 
same institution, providing a strong sense of community and 
responsibility.  

SAPO Campus is currently in product deployment stage 
with potential schools being contacted and given workshops 
on how to use it. It is already being used by 30+ schools in a 
pilot program and plans are to have it deployed in a large 
number of schools by the end of 2014.  

For the integration of Vconect-based videoconferencing, 
SAPO Campus has introduced the concept of Rooms as 
constant objects like Math or Geography classrooms at school 
as shown on Fig. 5. From Vconect’s perspective, a Room is 
just another name for a session created by the SN. Users can 
join a Room after having signed up for the class. After having 
been approved as a class member by an administrator, users 
can enter the Room and participate in the video call. This way 
Campus does its user management and provides VC only a 
client id. Each Room displays a list of members as a drop 
down menu highlighting also their online or offline status. All 
this functionality can be implemented  by utilizing the simple 
API described above. 

 



 
FIGURE 5: SCREEN SHOT OF SAPO CAMPUS ROOMS. 

It is worth mentioning that the integration of Vconect went 
faster than SAPO’s development team anticipated, which 
allowed initial trials already in 2013.  Fig. 6 displays a 
historical screen shot of the first successful and fully 
functional videoconference in SAPO Campus. 

After the integration, Vconect had successful trials in 
SAPO Campus, involving 25 users. During each of the five 
sessions, five participants had to solve three different tasks in 
three different rooms, while there were always at least two of 
them in the same room. Besides checking the overall stability 
and doing basic beta testing, the main goal was to study the 
interplay between social network and videoconference usage.  
 Some results of the trials were surprising because they 
contradicted our assumption that the Standard view-mode 
would be the most preferred among the participants. However, 
most of the participants preferred the Tile view-mode, which 
resulted in the conclusion that in small groups of participants 
there is less need for orchestration. The general feedback was 
very positive, resulting in comments such as 

I loved the discussions and the interaction. We talked on 
day without the Internet? 

and 

Very interesting – the different chat rooms. Very nice to go 
in and out. 

Many participants, who were all already users of SAPO 
Campus at their university, asked 

 When can we use it in our campus? 

which encourages us in the continuation of our work. 
 Vconect has scheduled bigger trials for summer 2014. More 
SAPO Campus users will be offered to use Vconect for an 
extended period of time, i.e. for several weeks. Hundreds of 
simultaneous users will generate significant load on the server 
infrastructure, providing us with data on the efficiency of our 
multimedia transport and processing, as well as evaluate the 
Vclient performance on different hardware setups. The crucial 
task will be to evaluate our ability to adapt to different and 
changing network conditions of each user, whilst providing 
decent quality of service and experience. 

 
FIGURE 6: SCREEN SHOT OF SAPO CAMPUS WITH INTEGRATED 

VCONECT CLIENT (IN RED <DIV>). 

VI. CONCLUSIONS 
Despite the huge progress made in establishing video 
conferencing over the Internet in recent years, there are still 
remaining challenges to be addressed. Existing solutions like 
Google+Hangout are closely bound to their own web 
application, while open solutions like WebRTC do not 
inherently support group conferencing.  

Two challenges have to be addressed for future solutions 
before they will become widely available on the web. Firstly, 
the architecture has to support scalability, i.e. the ability to 
serve 1000s of users in a cost effective way. Secondly, the API 
has to be simple and easy to use for web developers. 

Considering scalability, the central media router 
architecture seems to be most promising because it makes 
pragmatic use of the available resources in the client CPU and 
downlink channels, while allowing low complexity server 
components as needed for cost effective operation for many 
users. Hence, we predict that this architecture will be 
predominant for web conferencing in the future. 

Considering easy integration, we consider the low-level 
API of WebRTC to be too complex to be used for the normal 
web developer. This is because it is focused on point-to-point 
communication and needs significant extra logic for managing 
and controlling group conferencing. Topics like automated 
floor control (“Orchestration”) and video composition (“View-
Modes” selection) have to be included in a middleware-layer 
between the web application and basic media transport. Such 
videoconferencing-middleware is already being developed as 
extensions to WebRTC, see tokbox, vline, and licode. 

The Vconect project has developed an alternative 
videoconferencing platform, which addresses those two 
challenges. It is also based on the central router architecture 
and offers an easy API for web developers. Easy integration 
has been verified by smooth integration into SAPO Campus 
and user trials have shown a good user experience. The 
Vconect platform has proven particular useful in studying user 
experience and preferences as we have full control over 
Orchestration and video composition. In summer 2014 
Vconect will have a final trial in which hundreds of users will 
use SAPO Campus with Vconect functionality for several 
weeks. The evaluation of the trial data will hopefully prove 



that the integration of videoconferencing with social networks 
provides added value to the users and that the Vconect 
platform can provide the required scalability to offer such a 
service in a cost effective way. 

We conclude this paper with a self-critical look into the 
future of multi-party videoconferencing for the web and the 
role of Vconect in this future. Because of the huge interest and 
industry support of WebRTC it would be naïve to ignore this 
technology trend and rely solely on the Vconect development 
– a comparatively small effort with limited live time. In fact, 
the WebRTC middleware extensions towards multi-party 
conferencing which are currently being developed (tokbox, 
vline, licode, …) make it a very attractive solution for the 
content layer (i.e. media processing and transmission) and can 
replace similar functionality as provided by the Vconect 
browser plugin, see Fig. 7. The Vconect project did not use 
those middleware extensions because they have not been 
available at the start of the project (2011) and because the 
browser plugin allows the highest level of flexibility in 
implementing and studying intelligent composition and floor 
control, i.e. Orchestration. With a fresh look and current 
knowledge of WebRTC developments, the choice may now 
lean towards a WebRTC-based approach, especially when 
considering a commercial launch of a social network instead 
of an experimental platform for a research project. 

However, Vconect can still add value in the reasoning 
layer with Orchestration, which has been the focus of work 
and main area of innovation. Therefore, as illustrated in Fig. 7, 
the Vconect API as defined in vConect.js may still be used as 
a higher-level API for web developers. Even though the 
content layer may be exchanged, the Orchestration logic and 
simple API can be reused. 
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FIGURE 7: POSSIBLE EVOLUTION OF VCONECT TOWARDS 

WEBRTC. 
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Abstract— This article explores the notion that a ‘service-
aware’ network will help in the cost-effective delivery of social 
communication between communities, when it is enriched by 
high quality video and audio. While the concept of dynamically 
managing network components to balance cost and quality of 
service is not at all new, the paper explains how future plausible 
use cases for social multimedia communication prompt four key 
requirements for a new type of service-aware network. A brief 
summary is then provided of current research into some of the 
new capabilities needed to deliver these requirements: Quality of 
Experience Modelling, Dynamic Network Configuration, and 
Composition in the Network. Finally, an overview is given of a 
programme of experiments and trials which are being carried out 
to demonstrate the applicability and scalability of the service-
aware network to real services based on the aforementioned use 
cases. 
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I. INTRODUCTION  
Social multimedia communication services that include 

computer-mediated interaction, social networking and 
multimedia content can be very rich experiences mirroring real 
life, but they have the potential to be both expensive (which is 
a problem for infrastructure providers)  and complicated 
(which is a problem for users). 

Previously [14] we have described how we believe that the 
way such experiences are presented to the users, on the screen 
and through loudspeakers, could be improved by intelligently 
analysing the communication in order to make the way it is 
represented ‘appropriate’ to the instantaneous needs of the 
participants. We have called the analysis ‘Communication 
Modelling’, the process that decides how to represent the 
interactions ‘Orchestration’ [17], and the process of actually 
representing it ‘Composition’ [9]. 

While Communication Modelling, Orchestration and 
Composition provide the potential to create social multimedia 
experiences under laboratory conditions, the complexity of 
these use cases makes them especially vulnerable to the 
varying capabilities of public networks when in general use.  

Popular consumer video communication services today use 
packet loss recovery techniques, such as Forward Error 
Correction and Retransmission, to achieve a stable high quality 
experience wherever possible over public networks [21]. But 
such services assume use cases addressing small groups and do 

not attempt to use higher-level modelling of a communication 
situation to influence low-level decisions about video 
transmission. Multi-layer video transmission and layered video 
codecs such as H.264 SVC [19] are also gaining popularity 
within video communication services, and algorithms have 
been proposed for the adaptive selection of video layers based 
on user preference [6]. 

The service-aware network is a potential solution to the 
challenge of supporting complex use cases for multimedia 
communication between large ad hoc groups, in which 
communication traffic across the network must be managed 
dynamically in order to maintain Quality of Experience while 
minimising cost. Making these ambitious forms of 
communication cheaper to deliver, and better experiences for 
the consumer, will hasten their transition from novelty to 
popular services. 

This article describes a number of use cases for social 
multimedia communication in order to highlight the 
concomitant requirements on a service-aware network. We 
describe three key capabilities that will help a service-aware 
network to meet these requirements. Finally, we review a 
programme of experiments and trials which are being carried 
out to demonstrate the applicability and scalability of the 
service-aware network to real services based on these use 
cases. 

II. USE CASES 
This section describes use cases of social multimedia 

communication which help us discern requirements for a 
service-aware network. 

In each case we introduce the idea with reference to an 
existing analogous behaviour that we anticipate could be 
developed to take on more of the attributes we associate with 
socially-aware multimedia. In all use cases the roles the 
participants take in any interactions are defined by soft social 
attributes and not by the technology set-up. 

1) Family catch- up 
It is traditional in many cultures for families to spend time 

together during key national festivals, such as Christmas. When 
families cannot be together they often substitute physical 
presence with a telephone call or even a video chat. The use 
case we suggest involves a shared computer-mediated ‘space’ 
being available and through which individuals can 
communicate. This sounds abstract, but in practice could be a 



multi-party video conference on a large screen, connecting the 
living rooms of different families. We imagine this could be 
something that happens on special occasions initially, instead 
of the Christmas telephone call, but that could develop into a 
much more normal way for people to interact. It might even 
evolve into the development of a permanent shared space 
through which family members would be aware of each other’s 
presence and activity. Through it they could see and talk to 
each other and share things, both cerebral (thoughts), emotional 
(feelings) and digital (photos and videos) as well as including 
people in their day-to-day experiences (How was your day? Do 
you like my new shoes?) 

To an extent, this behaviour already takes place. But the 
degree to which it exhibits the full gamut of the characteristics 
of what we describe as socially-aware multimedia is limited. 
The telephone call does not allow people to see each other (nor 
their new shoes) and is normally a point-to-point connection 
and not a group experience. Group based video chat services 
are usually viewed through personal devices (tablets, mobile 
phones and PCs) and typically involve individuals joining a 
conference rather than a multi-way link between a number of 
spaces (living rooms) that would allow groups (family 
members) to be together. We note that the emergence of 
Skype® on Smart TVs and TV video chat devices like 
Biscotti® may change this. 

In 2010, 9.4% of the EU population was not born in the 
country in which they now reside [18], it seems that connecting 
families that live a long way away from each other provides a 
significant opportunity and challenge for service providers.  

2) Homework club for Massive Open Online Courses 
Students work together on homework. They may work 

together in class, in libraries, in each other’s homes or they 
may call each other when they get stuck on questions (or when 
they don’t remember the homework that was set). Sometimes 
they are asked to work together in teams to complete joint 
projects. They may also discuss homework on social 
networking sites and even be provided social spaces on 
learning platforms [11] that enable interaction. 

We assert that interactions could evolve from being text-
based to including group video chat and suggest that extensions 
to social networking services such as ooVoo or Skype on 
Facebook could become attractive and helpful adjuncts to other 
forms of interaction. 

In parallel with the way social interactions are developing 
amongst students, there is also a growing number of Massive 
Open Online Courses (MOOCs) in which the student 
community may be national or global [7]. Should the MOOC 
student body wish to gain the help of their peers they will often 
resort to online discussion. Social networking sites and learning 
platforms are usually the basis for such interactions but they 
could evolve into shared spaces which people inhabit via video 
links. 

3) Gaming space 
Poker Stars is a popular website for playing poker online. 

The site remains open 24 hours a day and attracts, at its peak 
30,000-50,0001 simultaneous users. 

Playing poker in the flesh allows the player to see and 
“read” their opponents in ways not afforded by the online 
counterpart. Since both in-the-flesh and online alternatives 
have their proponents it seems likely that a form of online 
poker in which you could also see your opponents could also 
be made into an experience that could attract a significant 
audience. Whether or not poker is the best game for such a 
scenario is also moot, but the idea of playing a competitive 
game in which you can see and hear your opponents is 
plausible. This is the Gaming space use case. 

III. THE SERVICE-AWARE NETWORK 

In this section we show how the use cases described above 
provide some of the key requirements for a service-aware 
network. We then explain in more detail how our current 
research is addressing these requirements through specific 
investigations. 

A. Requirements 
The use cases described above all share the potential for a 

globally-distributed audience, most of whom are likely to rely 
on consumer-grade broadband access networks. In spite of 
significant investment national access-network infrastructure 
projects [3] in many parts of the world, customers are most 
likely to connect to a range of different asymmetric access 
technologies (such as ADSL2+, VDSL or Fibre-To-The-
Premises), some of which will be very restricted in their ability 
to carry video upstream. The service-aware network must 
therefore be capable of adapting social multimedia 
communication to suit heterogeneous access networks. 

Use cases such as Massive Open Online Courses and 
Gaming are also likely to draw a continuous global community 
which convenes at particular times of day in particular 
locations. The resulting network demand is likely to move 
across the planet as time progresses. While many conferencing 
services today employ utility ‘cloud’ hosting to reduce their 
costs [2], this behaviour suggests a requirement which goes 
beyond traditional concepts of scalability. The service-aware 
network must be capable of dynamically scaling resources in 
multiple physical locations such that they can follow demand 
within individual communication sessions. 

The commercial viability of all the use cases described 
above will be influenced by the cost of providing a multimedia 
communication system which is more technically complex than 
consumer offerings today. It is therefore essential to minimise 
the additional cost of providing a service. The service-aware 
network must therefore be capable of configuring resources 
for optimal associated cost – and reconfiguring them within a 
session if a significant impact on cost is anticipated (eg. a 
cheaper route becomes available). 

                                                           
1 www.pokerscout.com (viewed between June and July 2013) reported 
statistics for the 24hr peak number for Poker Stars and other on line poker 
sites. 

http://www.pokerscout.com/


TABLE I.  EXAMPLE STREAM TRANSITION COST TABLE (FOR NICK) 

Activity User Image 
Size 

Bitrate 
(Cost) 

QoE 
Impact 

Discussion 
Alice Small LOW MED 

Large HIGH MED 
Bob 

(speaking) 
Small LOW MED 
Large HIGH HIGH 

Presentation 
Alice Small LOW LOW 

Large HIGH LOW 
Bob 

(speaking) 
Small LOW MED 
Large HIGH HIGH 

 

A final dimension that is common to all the use cases is the 
expectation of a certain Quality of Experience (QoE). 
Standards-based subjective testing methods are widely used to 
evaluate the quality of conventional communication systems, 
and low-level network measurements such as delay, packet loss 
and jitter are sometimes used to infer Quality of Experience. 
While these are all of value, the use cases describe scenarios in 
which participants frequently join and leave and media 
resources frequently change. This suggests that the service-
aware network must have a comprehensive capability for 
introspection, ie. the ability to collate detailed real-time 
measurements and determine how effectively the technology is 
meeting the needs of the participants. 

B. Modelling Quality of Experience 
A significant challenge for the introspection capability 

described above is the need to determine Quality of Experience 
(QoE) in real time, without affecting the participants. One 
possible solution for this is to build a predictive model that 
allows us to estimate the QoE for a particular participant at a 
particular time [10]. To create such a model for social 
multimedia communication we must consider several factors 
that influence QoE.  

Those factors need to go beyond the classical perspective of 
quality of service (QoS) parameters, because network 
parameters alone are insufficient to estimate the QoE [4]. 
Therefore we want to include the user, context and network 
into our QoE analysis [12]. This perspective on QoE derives 
from two popular QoE models developed by Geerts et al. [8] 
and by Wu et al. [20]. Further, to study the impact of those 
three factors towards the actual QoE of users we developed a 
testbed that allows extensive user trials in a fully controllable 
environment. It includes a platform for multi-party video 
conferencing, which allows measuring and altering of network 
and client properties [12].  

With this testbed we are carrying out extensive subjective 
user trials to determine the balance between QoE factors, and 
to introduce new factors (such as conversation properties) 
which could potentially provide a better indication of the user’s 
experience. One property we primarily look at is the voice 
activity of users, in terms of “on-off” patterns. Research in 
speech patterns [13] has defined a number of events which are 
particularly interesting to investigate. This is especially the 
occurrence of simultaneous speech and turn-taking. 
Particularly whether people start to speak at nearly the same 
time or if a speaker change occurred after simultaneous talk. In 
this way, we try to understand if certain factors influence the 
speech pattern in a negative way. 

As a result, our goal is a model that is able to predict the 
QoE for a participant given their own feedback, client settings 
and network properties. Factors that we can fully control in our 
testbed and that we are currently investigating include, but are 
not limited to: Resolution, Frame-rate, Distortion, Delay, Jitter, 
Inter-stream (Audio/Video) Synchronization, Inter-participant 
Synchronization. Investigating those factors will result in a 
predictive QoE model that we can map into a transition cost 
table. This table combines the measureable characteristics of 
the network (e.g., bitrate, jitter, and delay) with the changeable 

parameters of the client (e.g., resolution, frame rate, and coding 
settings) to estimate the QoE in order to find the “best” video 
stream for any participant. Further the table must include the 
participants’ context or activity which is likely to change over 
time. 

Table I shows a very limited perspective of such a table, as 
the full table would be too complex to visualize here. In our 
example, three students (Alice, Bob and Nick) are discussing 
their homework together, and Table I shows Nick’s simplified 
QoE model. It illustrates the impact of image quality and 
bitrate towards Nick’s QoE. Bob is currently speaking; 
therefore showing him in a higher quality will have a bigger 
QoE impact than showing Alice in a high quality. Whereas, 
depending on the activity they engage in, it would be sufficient 
to show Alice either as a small image or to not show her at all, 
i.e. if Bob is giving a presentation. This knowledge allows us to 
adjust the system to scarce resources or network congestion.  

In conclusion, such a transition cost table allows us to find 
the “best” combination of the participant’s visual 
representations, at any given moment. Thus the Service-Aware 
Network can dynamically adapt the user experience and use of 
resources to maintain the balance between Quality of 
Experience and the cost of providing the service. As explained, 
Table I only shows a simplified example and a practical 
transition cost table may include a complex transition matrix 
with all influencing QoE factors and might vary depending on 
the context. 

C. Dynamic Network Reconfiguration 
The use cases imply multiple high-bitrate video streams 

with demanding low-latency and reliability requirements. As 
explained above, these requirements may not be constant 
throughout a session: participants may join and leave, meaning 
that the optimum network topology could change with respect 
to time and geography. In a simplistic solution, the network 
could be dimensioned to serve the most demanding situations; 
however it would be under-utilised most of the time. We are 
developing experimental components for the service-aware 
network which support dynamic reconfiguration in response to 
changing demand without interrupting communication 
sessions. We use the term Video Router (VR) to refer to the 
routing and control logic which is placed at key interconnects 
in the underlying network. 

Consider the gaming example. The number of players may 
be roughly constant over a 24-hour period, but the clusters will 
‘follow the sun’ (or moon), as people wake and sleep. Over 



time, the network will move from a situation where equal 
numbers may be located on each side of an ocean, to one where 
many more are on one side than the other. Costs and delays 
induced by the trans-oceanic backbone imply that where 
possible, redundant streams should not be sent over that link. 
The service-aware network would identify situations where the 
same stream is required by multiple clients, and instruct the 
Video Router to only send a single copy of the stream across 
the link. The source-side router would do this by terminating 
the redundant streams and transmitting a single copy of the 
stream, and the destination router would regenerate the 
additional copies. Both would inspect and update the signalling 
and control protocols (such as SIP and RTCP) so that the video 
applications themselves were unaware of the modification. 

We are investigating how this reduction/optimisation 
architecture may have applications at the gateways to VPNs, 
and for creating efficient trunks within emerging carrier 
technology such as IP eXchange (IPX) [15], since network 
providers are now beginning to extend from using IPX for 
voice-interconnect to video-interconnect. 

D. Composition in the Network 
The use cases suggest that participants may, for at least 

some time, be remote spectators, not being fully involved in the 
conversation. This provides a significant opportunity for the 
service-aware network to optimise cost and adapt to 
heterogeneous access networks. Even though the idea of 
applying additional media processing into the network is not 
new [1] [16], its benefits towards social multimedia 
communication are not fully clear. Thus, we are currently 
investigating how additional media processing components 
could be effectively deployed ‘in the cloud’. We are especially 
interested in how to start such component on demand so that 
video composition can move dynamically between the client-
side and the network.  

Such a component, much like a Multipoint Conferencing 
Unit (MCU) within a commercial telepresence system, would 
have a relatively high cost in terms of processing and 
bandwidth connectivity when compared with a Video Router. 
However, by combining multiple video streams into a single 
composition which can be distributed to multiple ‘spectating’ 
participants, it could significantly reduce load on the client 
device and downstream access network. It could be used to 
reduce the impact of access congestion on Quality of 
Experience, but also importantly could enable thin clients on 
mobile devices to participate with acceptable quality via 
wireless broadband networks. 

Moving composition functionality into the network and the 
associated additional video encode/decode cycle does have 
significant implications on end-to-end delay, and this is a key 
parameter in our ongoing investigations. Thus, our main goal 
of this investigation is to identify under which circumstances a 
pure client-side processing or a cloud-based approach is more 
beneficial.  

IV. CONCLUSION AND FUTURE WORK 
In this article we have introduced the service-aware 

network as an enabler for social multimedia communication 

services based on real-world use cases where customer 
experience must be balanced against the cost of 
implementation and operation. Our practice-based research is 
focused on a component-based technology platform whose 
capabilities are tested, evaluated and iteratively improved 
through experiments and trials.  

Our “Homework Club” use case is being developed in close 
collaboration with SAPO Campus, a social media product for 
the education sector developed by Portugal Telecom’s Internet 
business, SAPO. We are using the results of extensive user 
studies and lab experiments with students and teachers to 
implement a public trial integrated with the SAPO Campus 
product in Summer 2014. 

In addition to user evaluations and trials, we are 
investigating how a service-aware network could operate at 
scale by developing simulations based on credible demand and 
cost models. This should identify the potential benefits (such as 
cost savings) which could be attributed to the capabilities 
described earlier in this article. 

In a world which has already embraced computer-mediated 
interaction, social networking and multimedia content, we 
believe that the service-aware network can reduce the barriers 
to the wider commercial adoption of rich, socially-aware 
multimedia experiences. 
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Abstract— We report on a project aimed at assessing how video communication can be used more beneficially in a distance learning 
setting and designing possible solutions. Literature and user studies reveal that the social aspect of a classroom is considered to be very 
important and that student-to-student interaction is currently lacking in distance education programs. Student-to-student interaction is 
one of the big challenges to overcome in distance learning. To increase this type of interaction the concept of a shared 2D 
communication space is proposed in which users can move their own webcam image around and communicate with other people 
present in the virtual space by ‘standing’ next to them. Verbal communication only occurs between ‘grouped’ users thus allowing for 
multiple conversations to be held within the same communication space. 

Keywords—distance learning; video conferencing; social presence; group dynamics 

I.  INTRODUCTION 
Helped by The Internet, distance education keeps growing in importance throughout the world. The project described in this 

report was initiated with the goal of finding new ways of supporting distance education with synchronous video communication. 
Given the many different forms of education that exist, the initial design space needed to be narrowed. This was done by carrying 
out a literature study to identify potential problems. In addition, user studies were performed, both in a workshop setting and during 
remotely delivered lectures, through observations and interviews. Based on the preliminary findings, it was decided to focus on the 
interaction among students and on the social presence they experience. 

II. LITERATURE STUDY 
An extensive literature study was performed to obtain a broad view of the field of distance learning and to be able to identify 

possible bottlenecks in current distance learning solutions. The initial focus of the project was on how synchronous communication 
with video could be employed to enhance distance learning. Because of this broad scope a varied number of topics needed to be 
addressed. There are various theories on learning in general which can be extended to distance learning. Several theories and 
models of interaction exist for meetings in the physical and the virtual world. The current state of video conferencing and its issues 
were also looked at. 

A. Distance Learning 

In [1] distance education is defined as: “planned learning that normally occurs in a different place from teaching and as a 
result requires special techniques of course design, special instructional techniques, special methods of communication by 
electronic and other technology, as well as special organizational and administrative arrangements.” Because instructions are 
provided in a place and time that are convenient for learners this form of education is sometimes referred to as ‘distance learning’ 
[1], [2]. 

Distance learning can take many forms. For example, teachers can record their lectures so that students can view them later at 
their own leisure. It is also possible that teachers give a lecture to a distributed audience that is present locally and remotely. Some 
classes are entirely distributed online and also provide synchronous workgroups in which lectures are given and assignments and 
discussions can be carried out with groups of students. 

One problem encountered in distance learning courses is the low retention rate of students. Retention rates are reported to vary 
between 50 and 80%, about 10 to 20% lower than traditional classroom courses [3]. These low retention rates not only affect 
students and teachers but also have economic consequences for the educational organizations providing these courses [4]. Physical 
and psychological isolation have been pointed at as a cause for low retention rates and it has been argued that the single most 
important challenge to tackle in distance education is to encourage students to participate actively, despite their physical separation 
[1]. 



B. Synchronous vs. asynchronous communication 
Synchronous communication occurs in real-time akin to talking face-to-face or having a conversation over the phone. During 

asynchronous communication, time passes between messages sent from the persons involved. Sending a letter or recording a video 
for someone, are two examples of asynchronous communication. In the realm of computer-mediated-communication (CMC) the 
users have more control over the level of synchronicity at which their communication occurs. For example, e-mail can be used 
asynchronously but as the rate of replying increases the level of synchronicity would also increase. Online chatting is usually more 
synchronous unless the persons communicating leave each other messages every now and then. Thus, it is entirely up to the users to 
decide on how to use a certain medium. This means that every type of CMC has its own use in different situations. Both 
synchronous and asynchronous communication have a place within online learning with each of them providing different 
advantages and disadvantages. 

Asynchronous communication is the most common form encountered in distance and online learning. One major advantage of 
asynchronous communication is that it allows for ‘anytime, anywhere’ learning. Students can learn at a time convenient for them 
personally and from any location they deem suitable for their studying needs.  Another advantage of asynchronous communication 
is that it allows time for reflection on messages or content that students decide to share [5]. One drawback of relying on 
asynchronous media in an online course is the problem of students experiencing feelings of isolation. This has led to calls for 
including synchronous communication methods in online courses as well [6]. 

Both styles are not exclusive to each other. Blended education is a type where the face to face classroom is combined with 
online educational elements [7]. The flipped classroom refers to classes that provide the lectures online and asynchronously with 
students gathering online or face to face to discuss the contents in a synchronous manner.  

Interesting to note is that there is a lack of research on synchronous communication or non-text based communication in online 
learning [8]. The majority of research that has focused on audio and visual CMC systems has been exploratory in nature. The few 
studies that do exist on synchronous online learning did not necessarily employ video conferencing as their main method for 
communication but made use of online chatting or teleconferences instead [9]. It seems there is an unexplored space when it comes 
to empirical research in synchronous online education enhanced by video communication. 

C. Interaction in Distance Learning 
Interaction is an important component of online learning. Positive effects that have been linked to interaction include an 

enhanced learning experience, increased satisfaction, more positive attitude towards learning and increased motivation [9]. Three 
interaction dimensions in e-learning have been proposed by Moore [Moore, M.G. Three types of interaction]: interaction with 
content, interaction with the teacher, and interaction with classmates. Each dimension comes with its own set of characteristics that 
need to be taken into account.  

D. Community of Inquiry (COI) Framework 
 
All the combinations of interaction between teachers, students, content and system are important to consider in distance 

education. The Community of Inquiry (COI) framework aims to define effective online education [10] . The framework consists 
of three elements interacting with one another: social presence (SP), cognitive presence (CP) and teacher presence (TP). SP is the 
most studied and most relevant component of the framework and will be discussed further below.  

A universal definition of social presence does not exist yet although many different but similar looking definitions have 
been proposed [9]. Social presence has been defined by Garrison et al. [10] as the ability to connect with other learners and 
project yourself as real, both emotionally and socially in a COI through the chosen communication mediums.  

Factors that influence SP are for example: non-verbal cues, proximity and orientation, physical appearance, facial 
signals, direction of eye gaze, mutual gaze, comparisons of verbal and visual communication and multi-channel communication. 
The importance of each of these factors is determined on an individual level. 

Studies have demonstrated that SP is necessary for effective online instruction and that it supports the construction and 
negotiation of knowledge. It is essential in establishing a community of learners and correlates highly with perceived learning, 
deep learning, and learning outcomes. Studies also found a strong positive relationship between SP and learner satisfaction with 
the instructor, online mode of delivery, and the overall course. SP also has a positive influence on the quality of online interaction, 
sense of well-being, critical thinking and the depth of online discussion. The social component in online courses should be taken 
into account if one wants to provide a successful distance education experience. 

E. Human Interaction and Video Communication 
Video communication is being studied quite extensively but not so much in direct combination with distant learning. According 

to Daly-Jones et al. [11] four pragmatic needs must be fulfilled in human interaction. These are:  

1. The need to make contact  

2. The need to allocate turns for talking  



3. The need to monitor understanding and attention of the audience 

4. The need to support deixis 

Supporting these needs in a video conference setting has proven to be difficult. Human beings make use of several techniques to 
engage in successful interaction in face to face settings. Examples of these techniques are eye gaze, focus of attention, gestures and 
deixis [12]. In a video communication setting, these techniques are currently difficult to employ. One of the most common 
annoyances is that it is currently not possible to look someone in the eye due to the discrepancy between the camera position and 
the image of the other person’s eyes [13], [14]. Gestures and deixis also are difficult to see, perform and understand due to the 
limited field of view offered by the webcam image [12]. 

These difficulties have an effect on a range of different processes like grounding [15], [16], group awareness, workspace 
awareness [17] and situational awareness [18]. It is clear that current video conference solutions bring their own set of limitations 
that make remote interaction and collaboration difficult. 

F. Massive Open Online Courses 
A recent development in distance education is the surge of interest in MOOCs - Massive Open Online Courses [19]. MOOCs 

are usually centered around pre-recorded lectures that are delivered to very large student audiences, implying a high student-to-
teacher ratio. Around the asynchronously delivered lectures there is a need for tools that support more synchronous forms of 
interaction. For example, [19] reports that some MOOCs use Google hangouts to discuss issues and ask questions. Facebook, 
Twitter, and other social media are frequently used to complement the one-way character of MOOC lectures. In particular, the 
connectivist pedagogical model behind so-called c-MOOCs ([21], [20]) encourages learners to form connections with each other as 
an intrinsic part of acquiring and generating knowledge. In [23], the question is raised whether a c-MOOC can be run on one of the 
big provider platforms “as software tools would not allow for the type of interaction and collaboration among participants that 
characterise c-MOOCs”. The Future Directions section in [20] mentions “development of procedural tools by using technologies to 
enhance problem-based learning approaches through immersive, experimental virtual learning environments”. 

G. Concluding Remarks 
Interesting to note is the current focus in distance learning on asynchronous methods and that many researchers believe distance 

education can be improved with more student-student interaction. It is clear that the social component in distance learning is 
currently lacking. 

 

III. USER STUDIES 
For the user studies, it was decided that observing both the ‘normal’ classroom and distance education settings would yield 

interesting results that could inspire and provide focus for the forthcoming design. Because there were no pre-defined users or use-
cases at the start of the project, user studies were performed in a broad manner. Observations in a normal classroom setting and 
during a remote lecture were performed. 

Interviews with teachers were also part of the user study. The aim of these interviews was to identify teacher needs in the 
regular and virtual classroom. The interviews also allowed for further clarification of possible questions that might arise during the 
observation study. 

A. Observations 

Two observations were performed at Alcatel-Lucent: one during a lecture style session and another one during a more hands-on 
workgroup session. Another two observations were performed at Eindhoven University. These observations were distance learning 
settings with a teacher giving a lecture to a local audience and remote audiences at two different locations at the same time. 
Observations were performed from the local audience as well as the remote audience. Two key findings from the observations are 
described next. 

Proximity is very important in the classroom and during lectures. Students often turn to the person sitting next to them when 
they are looking for help. It is proximity that allows for this type of interaction. During a lecture a quick question can be asked to a 
neighbour without disturbing the entire class, e.g. if some piece of information presented by the teacher was missed. Proximity 
allows for collaboration during assignments. Proximity can cause a question to spread through the class as other neighbours get 
involved with a particular issue, eventually leading to a class discussion. The power of proximity was observed in all sessions. 
Student-student interaction is served by proximity. 

Group awareness is something that is easy to develop in a face to face setting. Feedthrough and communication help in 
obtaining group awareness. Simply hearing what is happening around you is very beneficial. For example, if the students are 
working on an assignment and there is no sound of keystrokes then this may be a hint for the teacher to inquire if the assignment is 
clear to everyone involved. A student may ask a question about something another student is struggling with too. It is easy for the 



other student to overhear the explanation and receive the same help even though it was not actively solicited for. Sound localization 
is also of importance as it greatly helps in identifying who is asking a question. 

B. Interviews 
Interviews were conducted with five teachers. They made it clear that the social aspect in a classroom is very important to them. 

In a classroom setting students can learn from each other and social bonding can occur. It helps when students can share emotions 
and create other shared experiences. Participation and team spirit were also mentioned as aspects that could be more easily lost in 
an online environment. A concern existed that some students might become more isolated online as opposed to a real classroom 
setting. Finally, teachers mentioned it would be more difficult to make sub-groups in a class and that a shared ‘sound-space’ does 
not exist in an online setting. In the real classroom sound can provide different indications of how and what students are doing. 
Because sound is directional this also greatly helps in locating the origins of a sound. This all would most likely be lost in an online 
environment according to teachers.  

To conclude, much useful information was gathered from these interviews with teachers. Even though the teachers were active 
in different fields and levels of education, many similarities were found. It became clear that the social component in the classroom 
is much appreciated and it was generally assumed that this social feeling of togetherness and shared experiences would disappear in 
an online setting. Keeping the class a safe environment for all students in which everyone is participating seems of most 
importance. 

IV. PLAYGROUND – A VIRTUAL COMMUNICATION SPACE 
The user studies made clear that social aspects seemed most crucial to pay attention to. This matches with what was found in the 

literature study. Social presence is a key component of the COI framework and many researchers identified student-student 
interaction as one of the big challenges to overcome in distant learning. Due to the broad nature of this topic some focus was 
applied to the scope of the design. Two major decisions were made:  

1. Main focus is the improvement of learning activities, irrespective of the structure of the course 

2. Do not focus too much on core video technology problems (e.g. eye gaze, gestures) 

The following assumptions were made:  

1. The class is entirely online  

2. The students and teacher have no shared history  

3. Attending the class is mandatory   

Combined with the literature and user studies, this led to the following questions: 

• Can video technology help to make sub-groups in a virtual class so the teacher can more easily give assignments in which 
students have to discuss amongst each other or collaborate? 

• Can video technology be used in such a way that someone’s virtual location has a similar impact to that seen in the face-
to-face classroom?  

• Is it possible to give participants a better feeling of being together in a virtual space?  

These questions fit within the framework of the design space decisions and assumptions described above. Thinking of a system 
that would provide a solution to the questions above led to a concept that is best described as a hybrid version of a virtual world and 
current video conferencing tools. The concept takes a more social approach to video conferencing as it takes participants out of 
their own video windows and attempts to translate the usefulness of proximity to a virtual environment. By doing so it will be 
easier to, for example, create sub-groups in a virtual class. The concept, called The Playground, is described below. 

A. The Concept 

The core idea behind the Playground concept is to free participants in a video conference from the webcam boxes they are 
currently in by removing the background scenery and providing a new, virtual background. Having this same shared virtual 
environment might increase the feeling of togetherness.  

Furthermore, participants in the Playground can move around in the 2D plane allowing them to choose to ‘stand’ next to 
someone else, thus allowing them to connect more personally.  

Current video conference tools only allow for ‘one to all’ communication. If one person says something, everyone else will be 
able to hear it. The more people participating in the conference, the more cumbersome communication will become, putting a 
severe limit on the interaction among students. In a real classroom students can form groups to do assignments together. In a virtual 
setting this would have to be achieved by making separate ‘rooms’ which would basically mean splitting up the class in several 
different video conferences going on at once. And what would the teacher have to do in such a situation?  



Playground offers a simple solution to this issue by only allowing communication with the persons who are virtually standing 
next to you. Just as people have a personal zone in real life, participants in Playground would have an audio zone. Anyone who is in 
your audio zone can talk to you. Everyone else would simply be cut off. With this setup, many different groups can be formed, each 
having their own conversations. A teacher would be able to go from group to group whilst remaining available and visible to 
everyone.  

Now a system would be in place that allows for participants to move around in a shared, virtual 2D space where communication 
is not necessarily of the ‘one to all’ variant. This is the core concept of Playground on which more features and functionalities can 
be built. 

B. Prototype Implementation 

It was decided to build a functional prototype implementing the core concept of the Playground. A storyboard discussion 
session was held with five people to gather feedback on the concept and identify possible issues or explore other possibilities and 
functions. Based on this, it was decided to implement the following features: 

1. Use cut-outs to extract persons from their webcam video streams 

2. Place these cut-outs on a shared background 

3. Allow users to move their own video streams to a different location by means of mouse clicks 

4. Audio circles, only allowing communication with people standing close to each other 

The prototype was developed using the internal APIs of Mosami, a cloud based video communication platform This means that 
if a user has a webcam, a microphone and a browser with an up to date Flash plug-in they could in theory make use of the 
prototype. Once it is launched, the cut-outs of the participants are placed on a shared background, as shown in Figure 1. Based on 
the distance among various cut-outs, users are formed in groups. For instance the two participants at the bottom left side of the right 
figure belong to the same group, which is indicated by the green bar placed below them. Users who are not part of this 
communication group cannot engage in spoken communication with users who are part of the group. These other users, by means 
of mouse clicks, are free to either move close to the existing group or form a completely new group, separate from the already 
existing one. Due to technical limitations the number of concurrent users was set to five in this prototype. 

Screenshots of the functional prototype are shown in Figure 1. 

 
Figure 1. Two screenshots of a user-test in progress. On the left side one big group is formed. On the right side two pairs 

are communicating amongst themselves. 

   

C. Evaluation 

Two user tests were held to explore the viability of the Playground concept. The first user test was set up in such a way that 
participants could simply experience and play around with the prototype without any given goal or task. In the second user test an 
attempt was made to play one round of the prisoner’s dilemma game.  

There was a notable delay between video and audio that hindered the experience during all user tests. Feedback on these two 
sessions was mixed and will be discussed below.  

Participants in the first user test felt the prototype delivered a better way of doing video conferencing than the conventional 
way. The cut-out was appreciated because they felt it gives a user more privacy. It was said that the prototype invites for more 
playful interaction and it was suggested that games could be played in this system. It was imagined that subgroups would make 
much more sense when many more users would be in the system. The idea of being able to split off from a group to discuss 



something in private was also liked. It was mentioned that subgroups would work much better than having everyone talk at the 
same time. Suggestions were made to have users indicate where they are moving to and have their movement slowed down. The 
option to ‘call someone over’ was also missed and would be appreciated. Participants also felt that being able to create a private 
room or have control over the size of one’s audio circle would be nice. Participants wondered if it would be possible to faintly hear 
what other groups are talking about ‘in the background’. A suggestion was also made to have a super user who could move people 
around. Finally, the group indicators used were noted as ineffective. It should be easier to see who is in which group.   

Participants in the second user test felt the concept was nice but that it was still hard to map to conventional communication 
paradigms. They were bothered by the fact that they could see some people but not hear them. It increased the feeling of secrecy 
and gave the idea of people possibly talking behind someone else’s back. It was also considered strange that you could move into 
any existing group and immediately listen in on the conversation. A suggestion was made for some kind of ‘whispering’ option. 
This would mean being able to open a communication line with someone without everyone seeing this interaction occur by video 
movement.  Participants in the second user test did note that the context of use would be very different when people who do not 
know each other would use this system. For example, it was envisioned that this video tool could be more easily used for 
networking purposes. The ’super user’ who could move people around was also requested in this group. 

D. Discussion 

Even with a limited implementation of the prototype some useful information was gathered. Most interesting may be the effect 
that context has when using Playground. The prisoner’s dilemma game was played with one group and those participants seemed 
more reserved towards the concept. This could be because the game is about being secret and trying to figure out if the other team 
is going to betray you or not. This sense of secrecy and talking behind each other’s back became a big discussion point. The other 
groups just played around with the prototype and seemed to hold a more positive opinion. It would be very interesting to study the 
effect of the type of assignment on the feedback received on a prototype.  

The original goal of this project was to come up with a novel way of using video communication in the virtual classroom. 
Hopefully, the Playground prototype shows one way of doing so. More interesting perhaps, is that the Playground could be used for 
different situations. As stated in the previous paragraph, the context of use seems to be very important. Playground can be seen as 
the step to a new tool, delivering a novel way of video conferencing that can be used how users see fit. The original concept of the 
Playground was much larger than the current implementation and included shared whiteboards, the possibility to give a 
presentation and work collaboratively on a document. It would be interesting to build on the current prototype and keep improving 
the user experience. It is clear that many technological challenges would need to be overcome to have a Playground system 
working for many users at the same time.  

Currently, distance learning seems to move towards the asynchronous space. By offering new tools and methods for people to 
communicate we may see synchronous communication making a comeback. Playground offers a new kind of video conference 
experience that offers more freedom and functionality than systems currently available. Although the implementation was limited, 
the discussions that followed on the user tests already gave people new ideas on how to use such a system. Compare it to the 
blackboard in a classroom it’s a tool that the teacher can use as he or she pleases. Playground could evolve into a communication 
tool, used by teachers as they see fit. 

V. IN CONCLUSION 
The newly created concept in this project can be seen more as a tool than as an education specific solution. Other uses for this 

tool may include, but are not limited to, webinars, online gaming, ‘standard’ video conferencing, remote presentations or 
supporting remote collaborative work. 

Note of caution is that distance education seems to increasingly move towards asynchronous methods of content delivery. It is 
very much the question how synchronous student-student or student-teacher interaction will/can be implemented in future distance 
education courses. It could be that the move towards asynchronous communication is due to the lack of proper tools for 
synchronous communication. The need for student-student interaction and the desire of teachers to encourage this type of 
interaction is clear. With a technical solution like the concept proposed in this report, teachers and students are given the possibility 
to engage in synchronous communication in a more useful way. 
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Abstract: The popularity of mobile devices equipped with various cameras has revolutionized modern 
photography. People are able to take photos and share their experiences anytime and anywhere. 
However, taking a high quality photograph via mobile device remains a challenge for mobile users. In 
this paper we investigate a photography model to assist mobile users in capturing high quality photos by 
using both the rich context available from mobile devices and crowdsourced social media on the Web. 
The photography model is learned from community-contributed images on the Web, and dependent on 
user's social context. The context includes user's current geo-location, time (i.e., time of the day), and 
weather (e.g., clear, cloudy, foggy, etc.). Given a wide view of scene, our socialized mobile photography 
system is able to suggest the optimal view enclosure (composition) and appropriate camera parameters 
(aperture, ISO, and exposure time). Extensive experiments have been performed for eight well-known 
hot spot landmark locations where sufficient context tagged photos can be obtained. Through both 
objective and subjective evaluations, we show that the proposed socialized mobile photography system 
can indeed effectively suggest proper composition and camera parameters to help the user capture high 
quality photos.  
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• 2nd International Workshop on Interactive Content Consumption, at TVX 2014, 25th June 2014, 
Newcastle upon Tyne, UK 
http://wsicc.net/  
http://tvx2014.com/ 

• The 6th International Conference on Social Informatics  
November 10-13, 2014, Barcelona, Spain 
www.socinfo2014.org 
@socinfo2014 - #socinfo14  
https://www.facebook.com/socinfo2014 

• IEEE MultiMedia Special Issue on Social Multimedia and Storytelling 
Social Multimedia and Storytelling: Using Social Media to Capture, Mine, and Recreate 
Experiences, Events, and Places. 
http://www.computer.org/portal/web/computingnow/mmcfp3 

• From Pixels to Semantics - Semantic Analysis meets Visual Analysis, i-KNOW 2014 workshop,16-
19 September 2014, Graz, Austria 
http://mklab2.iti.gr/pixsem2014/ 

• IEEE Computer Social Computing column 
See: https://sites.google.com/a/ieee.net/stc-social-
networking/blog/ieeecomputerthesocialmultimediaexperience  

 
If you are aware of any other relevant events, feel free to contact us! 
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