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Abstract: Creating innovative Future Media Internet 

(FMI) products and services is a complex endeavour 

requiring consideration of socio-technical factors and 

an increasingly diverse technology landscape. 

Accelerating time to market requires the availability 

of technology enablers adapted to local contexts and 

integrated together to create added value patterns of 

use. In this paper we present a set of such technology 

enablers used within a FMI testing facility. We 

describe how each enabler has been constructed to 

support the lifecycle of different classes of content and 

integrated to provide coherent and representative 

aggregations of content expected in FMI applications 

and services. A set of lessons learnt are derived from 

experiments conducted using the enablers at venues of 

the facility. 
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1 INTRODUCTION 

Offering collective experiences to consumers is at the 

heart of many new Internet business models. Traditional 

business models that place digital information as the 

primary asset (through, for example, content download), 

have largely failed to deliver due to the difficulty in 

protecting value in digital goods. Providers of digital 

services are now looking to create value by linking people 

to each other and to locations (both real and virtual) in 

such a way as to capture the popular imagination. These 

new interactions exploit the needs of consumers to share 

their experiences and thus create new channels for 

revenue creation and advertising. 

Systems that deliver new forms of social interaction and 

experience are complex socio-technical structures 

requiring a broad range of capabilities to acquire, process, 

aggregate and present different types of multi-stakeholder 

content. In this paper we present a set of technology 

enablers developed to provide such capabilities and how 

together they deliver key aspects of the Future Media 

Internet (FMI). We describe how the enablers are used as 

the foundation for experimentation and trials at the 

EXPERIMEDIA Facility [1]. The EXPERIMEDIA 

Facility is a Future Internet Research and 

Experimentation (FIRE) Facility aiming to accelerate 

research, development and exploitation of innovative 

products and services that explore new forms of social 

interaction and experience in mixed online and real-world 

communities. EXPERIMEDIA provides three 

complementary Smart Venues offering communities and 

live events for trials conducted in real world locations. 

The technology enablers form the essential element of 

EXPERIMEDIA providing a baseline for experimentation 

and enhancing infrastructure so that each venue shifts 

towards the FMI. 

2 MOTIVATION 

Experience is at the heart of new economy [6]. For the 

FMI to contribute, innovative applications and services 

must be developed that support capabilities such as 

enhanced personalised experiences, real-time social 

interaction, non-linear story-telling, and greater levels of 

immersion. Communication must be enhanced by rich and 

augmented audio-visual, sensor and 3D content delivered 

to virtual and real locations. Of course, these innovative 

applications place significant demands on network and 

content management infrastructures as providers attempt 

to deliver guaranteed Quality of Service (QoS), enhanced 

Quality of Experience (QoE) and Quality of Community 

(QoC) to communities that dynamically organise 

themselves around socially distributed, fixed and mobile 

content. 

Significant multidisciplinary challenges exist when 

considering the interactions between social and technical 

parameters, some of which are: 

 Developing the diverse technical capabilities (e.g. 

connectivity, access technologies) that are localised 

to different types of venues, from large public arenas, 

home entertainment systems to online virtual venues; 

 Diverse content creation (e.g. 3D Internet, augmented 

reality, social media, broadcast media) and adaptive 

delivery processes that operate together across 

combinations of environments; e.g.,  synchronisation 

of hybrid broadband broadcasts with on-going live 

events at a venue, where both spectators at the venue 

and those with whom they are networked (locally or 

remotely) may wish to share or experience the best 

camera view out of hundreds available; 

 Flexible up- and down-scaling of infrastructure 

capacity to support ad-hoc and short-lived 

communities during certain live media events; 



 

 Discovering ways in which media preferences can be 

shared in real-time and synchronised between diverse 

social groups no longer defined by presence at a 

specific location but defined by network relationships 

between social groups at a range of live or virtual 

venues; and 

 Large-scale management of mixed content 

environments (user generated, digital TV, mobile 

broadcasting) where everyone is simultaneously 

playing the role of content consumer, content  

producer and content mediator to provide virtually 

enriched and personalised media services that can be 

shared between members of ad-hoc social groups. 

Addressing these challenges and developing successful 

media services is a complex endeavour. It is essential to 

provide a suitably featured testing and experimentation 

environment that can be used to explore a full range of 

system properties required by networked media systems. 

Such systems build on a range of technology enablers 

providing capabilities to support diverse content types and 

lifecycle management approaches. Capabilities need to be 

designed so that they can not only be composed and 

integrated into larger systems supporting aggregated 

information flows, but also so that they are generically 

applicable to different applications and in consideration of 

the social, cultural, ethical and environmental constraints 

found in different locations. It is likely to be prohibitively 

expensive for any individual organisation (especially 

Small and Medium Enterprises) to develop and support all 

the capabilities necessary. In any event, for such a broadly 

based testbed to be effective and acceptable to those that 

use it, it is essential that it is seen as being developed and 

managed openly and independently of any specific 

proprietary interest.  

3 TECHNOLOGY ENABLERS  

Technology enablers are software or service components 

whose functionality allows users to achieve added value 

through use, either by design (i.e. the purpose is known in 

advance) or more frequently by openness (i.e. the purpose 

is opportunistically established by the user). Technology 

enablers are a key part of future innovation in 

programmes such as Future Internet Research and 

Experimentation (FIRE) [3] and the Future Internet 

Public-Private Partnership (FI-PPP) [4]. Technology 

enablers of the FMI must support a range of social, audio-

visual, pervasive and 3D content. Each class of content 

has distinct characteristics, content lifecycles (authoring, 

management and delivery) and platforms to support it. 

Developing a new platform supporting all content types is 

unrealistic and the approach must focus on developing 

open interfaces to existing platforms that allow for greater 

levels of interaction between information and control 

flows.  

We define a component model that focuses on different 

content aspects within the FMI and have developed 

implementation technologies supporting the lifecycle of 

the specific content. Tools and services are provided that 

support the mixing of different content types in the 

delivery of user experience, where the content lifecycles 

are managed within separate systems. Figure 1 shows the 

component model for Social, Audio Visual, Pervasive and 

3D content to which we add Experiment content 

supporting all data related to the setup, execution, 

monitoring, analysis and security of trials. A key element 

of the components is that they are designed on the 

principle of openness and transparency in terms of 

observability, configuration and security policy. Each 

component includes a structural (i.e. entities) and metric 

model (i.e. QoE, QoS, QoC), and is instrumented to allow 

deep measurements. Deep measurements are observable 

system properties not normally exposed collectively. 

These could include response times and interaction 

logging in client applications and server load or frame 

rates in infrastructure and services. The disclosure of such 

information is essential for understanding the interplay 

between different system components, along with the 

observation of behaviours in larger composed Internet 

ecosystems including communities.  

 

Figure 1: Technology Enablers of an FMI Testing Facility 

The metric modelling framework is generic and supports 

a range of potential measurements. The objects of 

experimental observation (referred to as ‘Entities’) are 

loosely coupled with the agent making the observations. 

Entities themselves contain one or more Attributes that 

are the subject of actual instrumentation and measurement 

activity. Measurement data itself is logically structured 

within Metric Generators (typically used to represent 

metrics linked to a particular component or user). Further 

organisation is offered through the grouping of sets of 

measurements using one or more named Metric Groups. 

A Measurement Set contains zero or more measurements 

that are specific to a particular attribute; Metric Groups 

may contain one or more Measurement Sets. The 

semantics of each Measurement Set is defined by its 

Metric, which in turn has a Metric Type and Unit of 

measure. An agent interface supporting the metric model 

and measurement is based on Advanced Message 

Queuing Protocol (AMQP) and is available through Java, 

Java Android, C#, C++ and Ruby. A configuration 

interface is provided that supports set up and runtime 

adaptation of some QoS parameters. A security model is 

provided that describes authentication, access control and 

how personal data is processed. The latter element is 

necessary to assure compliance with ethical 



 

experimentation and associated data protection legislation. 

The capabilities of each component are described in more 

detail in the following sections. 

3.1 Social Content Component (SCC) 

Social content is characterised by user generated content 

produced by and consumed within online communities. 

Photos, videos, comments and opinion is disseminated by 

individuals to related friends using social networking 

platforms. The SCC offers the capability to access social 

content, explore social graphs, extract general social 

knowledge (e.g. sentiment and controversy) and media 

specific QoS/QoE for adaptive, efficient and personalised 

delivery of experiences [5][6]. Using an open social API 

experiments can navigate a user’s social profile in a range 

of social networking platforms. The virtualisation of 

social network APIs is important as although the 

predominant network is Facebook, other online platforms 

are used by target participant communities. A pluggable 

social analytics dashboard is offered allowing different 

algorithms to be incorporated with default algorithms 

provided to detect individual and group preferences based 

on attitudes, selections and beliefs. The dominant 

attitudes, beliefs and communication ways of social 

groups (rather than individuals) can be used to optimise 

streamed, delivered or even transmitted media content. In 

addition, the detection of the proximity of consumers to 

content, similar behaviours and searching for popular user 

generated content can improve media delivery, enhance 

live streams, or augment information that is aligned with 

preferences of consumers.  

3.2 Audio Visual Content Component 

(AVCC) 

Audio visual content is primarily characterised by video 

and metadata that’s streamed and consumed by 

applications (i.e. players). AV content is produced by 

professionals and users using content production, 

management and content distribution networks. The 

AVCC offers capabilities for all aspects of the content 

lifecycle (acquisition, production, transcoding, 

distribution, etc) and advanced capabilities for acquisition 

and synchronisation between camera feeds, audio and 

metadata, including matching exact frames from different 

cameras; integrated automatic data collection and 

management systems; and metadata annotation and 

generation tools based on domain standards.   

The AVCC is a general purpose component whose use is 

applicable in a wide range of applications with high levels 

of technical readiness. The system was recently deployed 

for the 2012 Paralympics. The HD recording system 

supports different audio-visual sources, a huge storage 

capability and fast distribution to different endpoints. 

Metadata synchronisation allows social content and 

pervasive content to be annotated on audio-visual streams 

and presented to consumers depending on personal 

preferences. The metadata can be introduced manually or 

automatically by pluggable video analytics or from other 

sources such as the SCC or PCC. In some cases, like 

music that is annotated on video, synchronisation is 

essential. An important characteristic of the AVCC is that 

it operates in real-time and provides augmented content 

live to consumers rather than processing offline and return 

results later. This capability is critical for applications 

supporting live social and networked media interaction 

and experience. 

3.3 Pervasive Content Component (PCC) 

Pervasive content is produced by mobile users and 

sensors located in real-world environments. Human 

sensing (e.g. biomechanics, physiology, etc), human 

location tracking (indoors and outdoors), location-based 

content, real-world community interaction models, 

environment sensing, points of interest all characterise 

pervasive content. 

The PCC offers capabilities that collectively gather data 

about a user's physical location, QoE, points of interest 

and interactions. Physical location is used in both the 

context of tracking a user's location and also as a means 

by which Augmented Reality (AR)-based content can be 

selected for delivery and user generated data can be 

mapped to a spatial location. A pervasive gaming 

platform is provided supporting the gamification of 

activities and allowing for adaptive narratives and content 

that’s customised for different experiences. The platform 

allows professionals and users to co-create content, such 

as a locative game integrated with the structure, narrative, 

and content of the event itself. Users attending the event 

can consume and produce content in real time using 

Smart mobile devices. The unfolding events, as 

experienced by users, can be adapted and orchestrated in 

real time. Users primarily participate locally at the event 

but can also contribute via the Internet, and synchronised 

but distributed live events can be joined to provide a 

common experience. The platform allows access to 

content and services both before and after the event, thus 

supporting community building and operation. Metadata 

generated is published and can be used to annotate audio-

visual streams so that other participants can search for and 

retrieve available content.  

3.4 3D Content Component 

3D Content is characterised by reconstructions of humans 

and real-world objects as geometrics models. Many other 

approaches exist such as RBG plus depth, stereo cameras 

and multiview that claim to be 3D but actually only 

deliver the illusion of 3D. These other techniques are 

concerned with presentation 

The 3DCC supports experimenters in acquiring and 

manipulating 3D information from depth sensing devices 

(e.g. the Kinect). Low, medium and high level capabilities 

are supported. Low level functions offer depth images, 

human skeleton and RGB acquisition. Several filtering 

algorithms are provided to enhance depth measurements, 

improve skeleton tracking  and to calculate various 

biomechanical measurements (angles between bones, 

human joints, body part surface areas, etc).  Finally, a tool 

is offered for avatar editing and avatar interactive motion 

is provided. 



 

3.5 Experiment Content Component (ECC) 

Experiment content is produced and consumed by 

developers performing tests on FMI systems to 

understand and gain insight into structure, behaviour and 

performance. System configuration, system dependency 

graphs, input/out data sets, testing procedures and 

monitoring data all characterise experiment content. 

The ECC allows a developer to set up, execute and tear 

down tests on FMI systems deployed at different 

locations. Mechanisms are provided to deploy services in 

virtual machines and connect them together according to a 

desired experimental configuration. Dependency handling 

allows relations between sets of services to be specified 

using service recipes and deployed on target hosting 

platforms (e.g. targeting VM Ware machines or 

OpenStack clouds, depending on the systems available at 

the venues). The ECC monitors, derives experimental 

data from, and manages the system under test through 

integration with the ECC API. The ECC elicits QoS, QoE 

and QoC data from the other components and delivers it 

to the experimenters so that they can analyse the 

behaviour of technical systems in relation to user 

experience. The ECC manages the delivery of monitoring 

metrics that are stored and available for both live and 

post/batch analytics.  Monitoring agents are available for 

services, mobile clients and web applications.  A 

dashboard is provided leading developers through an 

experiment lifecycle that includes setup, live monitoring, 

analysis and tear down.  

4  COMPOSITION PATTERNS 

Composition Patterns are standard ways that technology 

enablers can be used together to investigate new forms of 

social interaction and experience. We define a set of 

important patterns to help experimenters understand how 

the components of the facility can best support their 

experimental objectives and to provide stimulus for new 

ideas. 

The 1
st
 pattern, “Instrumentation and Observation”, 

focuses on instrumentation of technology enablers. Each 

component is described in terms of metrics (QoS, QoE 

and QoC) associated with their specific content domains 

(social, audio-visual, pervasive, and 3D) and is required 

to generate measurements of these metrics during the 

runtime. Additional infrastructure metrics regarding 

infrastructure performance are generated by hosting 

components such as the Cloud Manager (e.g. compute, 

storage and networking). All metrics assist experimenters 

in understanding the behaviour of the system in terms of 

both technical performance and user experience. For 

example, the AVCC generates metrics related to AV 

streaming such as frame rate, frames dropped, video 

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

bandwidth, latency, etc) an experimenter can study the 

network characteristics necessary to deliver a certain QoS 

(e.g. 25 fps, HD with a 1/1000 frames dropped) to a group 

of consumers. This is standard, although not simple, and 

undertaken initiatives such as ITU QoE study areas (e.g. 

ITU-R Rec. BT.500-11 provides methodology for the 

subjective assessment of the video quality)   

 

Figure 2: Correlating between discussion topics and 
delivered content 

FMI technology enablers must focus more on how 

different content, aggregations of content and social 

interaction affect experience. With each Content 

Component generating metrics, experimenters can begin 

to correlate monitoring data between components. For 

example, navigating to a certain location in virtual world 

may create a popular discussion in a social networking 

group. By identifying popular discussions and looking at 

which point in the story/presentation (e.g. seeking a 

specific time point a recorded video stream) these 

occurred, the experimenter can begin to understand why 

specific events cause specific outcomes in the target 

community, and if necessary initiate a deeper analysis (e.g. 

direct user evaluation) with the community on these target 

areas. Changing the narrative after the production would 

be considered a “design” phase adaptation. However, 

increasingly we envisage adapting the narrative during the 

production based on emerging profiles and interests of 

social groups and how they react to the content being 

delivered. In this case rather than undertaking a post 

analysis of the metrics we could automatically annotate a 

video stream with metadata indicating points of 

interest/questions associated with the content. The 

Content Author could then adaptive the narrative based on 

discussions, questions, or votes for more information by 

reviewing an annotated stream timeline.  

The 2
nd

 pattern “Mixed Information Flows” focuses on 

how content from each component can be orchestrated in 

information flows as part of a new experience. Examples 

include: 

 Annotating video streams (AVCC) with metadata 

from social networking trends (SCC) 

 Annotating video streams (AVCC) with metadata 

derived from sensors (PCC) 

 Adapting the narrative of a pervasive game (PCC-

Creator) based on social networking trends 

 Reconstructing people in physically different 

locations (3DCC) in a single virtual location  

An interesting element is how by mixing the content 

between different platforms, the experience and technical 

performance changes in each component. For example, 

does changing the narrative as a consequence of the social 

networking topic reduces the discussion on the social 

network because the focus of attention is has changed?  



 

 

 

Figure 3: An integrated view of EXPERIMEDIA based on 
Experiment Composition Patterns 

It is critical that technology enablers be offered with an 

integrated view based added value composition patterns 

(See Figure 3). Here we show how all components can be 

used together in an FMI system. The PCC orchestrate the 

narrative (control flow is the dotted lines, data flow is the 

solid lines) for the gamification of activities. As such, the 

PCC can initiate controlling actions such as recruiting 

user populations through information dissemination in 

social networks, delivering popular video sequences to 

specific communities and acquiring 3D representations of 

objects and people. With all components instrumented 

using a behavioural model resulting metrics generated are 

acquired by the ECC and available for real-time and post 

analysis. 

5 RESULTS 

The technology enablers have been developed as the 

baseline technology of the EXPERIMEDIA facility. 

EXPERIMEDIA offers a new approach to European 

testbed provision by providing a facility with the four 

foundation elements necessary for socio-technical 

experimentation of the FMI conducted in the real world: 

 Smart venues: attractive locations where people go to 

experience events and where experiments can be 

conducted using smart networks and online devices; 

 Smart communities: online and real-world 

communities of people who are connected over the 

Internet and available for participation in experiments; 

 Live events: exciting real-world events that provide 

the incentives for individuals and smart communities 

to visit the smart venues and to become participants 

in experiments; 

 Baseline technology enablers: state-of-the-art Future 

Internet testbed infrastructure for social and 

networked media experiments supporting large-scale 

experimentation of user-generated content, 3D 

internet, augmented reality, integration of online 

communities and full experiment lifecycle 

management. 

EXPERIMEDIA has three complementary venues with 

each offering different experiences, live events, 

stakeholder ecosystems and scale [5]. The venues include 

Schladming Ski Resort, Austria; CAR High Performance 

Training Centre, Spain; and Foundation for the Hellenic 

World, Greece (See Figure 4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: EXPERIMEDIA Smart Venues 

The technology enablers have been verified and validated 

in nine experiments, three at each venue. Topics for 

experiments included: 

 Visitor planning using interactive video and situated 

augmented displays [8] 

 Content sharing in hyper local and temporal 

communities [9] 

 Improving athletes’ performance through real-time 

3D motion capture using non-invasive and wearable 

sensor technologies [10] 

 Remote sports training using augmented reality 3D 

video conferencing tool [10]11] 

 Participative battles and wars in human history using 

gamification and immersive technologies [12] 

 Personalising users’ experiences inside a museum 

based on cognitive styles [13] 

Each experiment was designed to deliver value impact to 

both participants and venue stakeholders through the use 

of the enabling FMI technologies. Not all enablers are 

relevant to every experiment but two or more enablers 

have been used by each experiment. Important lessons 

have been learnt from the first phase of experiments. 

Firstly, technology maturity assessment is an essential 

element of enabler development and use. A balance must 

be struck between reliability and innovative features. 

Putting technology into realistic contexts to be evaluated 

by participants at scale requires Technology Readiness 

Level 7 [14]. In addition, due to the openness of use by 

experimenters it’s essential that during experiment design 

System Readiness Level be assessed to determine 

maturity of a specific integration of components [15]. 

Where maturity levels have not been achieved, it is not 



 

cost effective to scale up until deficiencies have been 

remedied.  Secondly, a clear model of capability 

deployment and delivery must be established early, so 

that experimenters are clear on the scope of their 

responsibilities for systems integration and operation. 

Where possible, capabilities should be delivered as 

services rather than software distributions installed by 

experimenters to reduce the cost of experimentation. This 

decision has consequences for the providers of technology 

enablers in terms of responsibilities. Providers of 

technology enablers may become service providers active 

within trials and must take operational (e.g. delivery of 

QoS) and legal (e.g. protection of personal data) 

responsibilities. Finally, sustainability is probably the 

most critical factor,and access rights to the technology 

enablers  are essential in realising the value impact from 

experiments. Experimenters depending on technology 

enablers must be presented with a route to market that 

either incorporates commercialisation of the enablers or 

offers alternative paths through standards compliant 

implementations. Failure to address these concerns 

creates barriers to adoption and reduces the potential 

benefits of the technology enablers.  

6 CONCLUSIONS 

In this paper we have presented a set of technology 

enablers for the FMI that can accelerate research, 

development and innovation in products and services 

targeting new forms of social interaction and experience. 

The enablers have been structured so as to support 

different classes of content being acquired, managed and 

delivered by platforms. Patterns of integration between 

enablers have been established so that applications and 

services can create advanced information flows that mix 

classes of content to create augmented presentations and 

experiences. The definition of composition patterns helps 

experimenters understand how the components of the 

infrastructure can best support their experimental 

objectives. The enablers have been verified and validated 

through a series of trials conducted at the 

EXPERIMEDIA facility demonstrating generic 

applicability in different application and localisation of 

the enablers to environment, social, legal and ethical 

contexts. The availability of advanced technology 

enablers with well-defined composition patterns, deep 

instrumentation of QoS, QoE and QoC linked to value 

impact, and the ability to be localised to different real-

world contexts reduces the complexity of developing and 

evaluating innovative FMI systems. 
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