Telecommun Syst (2011) 48:301-316
DOI 10.1007/s11235-010-9345-8

Contextualized User-Centric Multimedia Delivery System

for Next Generation Networks

Jose Simoes - Thomas Magedanz

Published online: 27 May 2010
© Springer Science+Business Media, LLC 2010

Abstract Telecommunication and Internet services are con-
stantly subject to changes, seeking the customer’s full satis-
faction. Enriching these services with innovative approaches
such as context-aware, social, mobile, adaptable and inter-
active mechanisms enable users to experience a variety of
personalized services seamlessly across different platforms
and technologies. In this sense, Service Oriented Architec-
tures play a central role in allowing component reuse and
low cost service creation. Together with IP Multimedia Sub-
system enable the convergence of telecommunications and
web services, allowing the network transport technologies to
be abstracted from the services above. By integrating these
technologies, a number of synergies can be explored. Exist-
ing services can be easily enriched with context information,
made available on a variety of networks and new services
can be composed using previously existing building blocks.
This paper explains how this integration can be achieved,
and demonstrates the potentialities of this architectural par-
adigm with a prototype service.

Keywords Contextualization - Personalization -
Multimedia Delivery - Personalization - User-Centric

1 Introduction

With the rapid advance in technology, it is becoming in-
creasingly feasible for people to take advantage of the de-
vices and services in the surrounding environment to remain
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“connected” and continuously enjoy the activity they are en-
gaged in, be it sports, entertainment, or work. Such a ubiqui-
tous computing environment will allow everyone permanent
access to the internet anytime, anywhere and anyhow. Nev-
ertheless, mobility is just one of the innumerous aspects that
will play a preponderant role in the services of the future. In
fact, being aware and able to communicate context is a key
part of human interaction. Context is a much richer and more
powerful concept particularly for mobile users and can make
network services more personalized, adaptable, interactive
and therefore useful. Location and presence are examples
of context based services widely deployed today. Harvest-
ing of context to reason and learn about user behavior will
enhance the “internet of services” or “cloud computing” vi-
sion, allowing services to be composed and customized ac-
cording to user context [1]. Combining both concepts, will
allow services to be tailored to customer needs, providing
richer experiences, thus enabling a whole new set of sen-
sations, improving the user overall Quality of Experience
(QoE). By QoE the authors refer to the subjective measure
from a user’s perspective of the overall value of the service
provided.

To support such vision, it is important that services are
deployed under Next Generation Networks (NGNs), em-
powering cross-fertilization scenarios among different ac-
cess networks. The IP Multimedia Subsystem (IMS) repre-
sents a natural response for this dilemma by combining tra-
ditional telecommunications concepts and Internet service
technologies. Furthermore, IMS can be considered to be an
overlay control subsystem over heterogeneous networks [2],
which makes it a natural choice for converging different ac-
cess networks. On the service creation point of view, we
need an architectural model that technically supports the
previous described concepts. Service Oriented Architecture
(SOA) is considered as the philosophy of encapsulating ap-
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plication logic in services with uniformly defined interfaces
and making these publicly available via discovery mecha-
nisms. Not only the notion of complexity hiding and reuse
but also the idea of loosely coupling services are part of such
ideology.

Based on these principles, we introduce an enhanced ver-
sion of the Context-aware Triggering System (CATS) [3], a
user-centric multimedia delivery service created by the com-
position of different enablers, over an IMS environment, fo-
cusing not only in the technical structure of such application,
but also on the business models that can arise from such ar-
chitectural innovation. The ability to trigger a reaction to a
specific occurrence or a set of events is a key functionality
in context-aware systems. It can be seen as a standalone or
distributed service build over a myriad of variables that take
users needs, desires and intentions in concern. In recent ap-
plications, it is usually implemented as a notification in a
variety of ways: sound, light, messaging, video, etc. A con-
cise survey of the current approaches to provide context-
based services over mobile devices will be addressed in
Sect. 2. Then, we present in Sect. 3 the proposed archi-
tecture, the components that allow ubiquitous user-centric
context-aware service creation and introduce some of the ap-
plication capable behaviors. A special focus over some use-
cases, business models and concept validation is covered in
Sect. 4. Finally, Sect. 5 concludes the paper by discussing
future work.

2 Related work

In the past few years, the interest for context-aware services
(CAS) has raised increasingly, not only from the industry but
also for the research perspective. Google mail was one of the
first companies to provide such services by offering targeted
advertising and Really Simple Syndication (RSS) feeds ac-
cording to user demographic information and e-mail content
type [4]. From the mobile marketing market, AcuityMobile
developed and patented Spot Relevance TM, a technology
with the ability to deliver the right marketing content, to the
right person, at the right time, in the right location [5].

The panorama for research institutes is not that differ-
ent. VIT Information Technology (Finland) conducted a
study to evaluate user needs for location-aware mobile de-
vices [6] where they present user needs under five main
themes: topical and comprehensive contents, smooth user
interaction, personal and user-generated contents, seamless
service entities and privacy issues. This study helped to iden-
tify key issues that should be addressed, but didn’t pro-
pose any improvement. In order to manage various context
data and make the best use of this data for application ser-
vices in ubiquitous environments, Yoon-Ae Ahn [7] pro-
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poses a mobile object data management framework for lo-
cation enhanced applications, which consists of a data col-
lector, a context manager, a knowledge base, an inference
engine and a mobile object database. Despite the validity
of such an approach, it does not define interfaces outside a
closed environment and does not target other types of con-
text, namely presence, weather, time, etc. The work done
by Kukhun et al. [8] presents a location-aware geographical
pervasive system that provides mobile users with a service
that corresponds not only to their requests but also to their
preferences, location and querying time. Although this vi-
sion is going towards the authors’ ideas, the work only estab-
lishes initial ground steps and does not specify any kind of
architecture. An asset management system based on Radio
Frequency Identification (RFID), Web Geographic Informa-
tion System (WebGIS) and Short Message Service (SMS) is
specified in [9]. The proposed method tracks and monitors
the changes of locations of assets and shows their statuses
on a geographical map. The movement of assets is automat-
ically identified using RFID techniques and corresponding
data are transferred by a Global System for Mobile com-
munications (GSM) module in real time. Furthermore, this
method facilitates automated notification of asset movement
through SMS. This work presents some similarities to what
is presented in this paper, however in a very limited and sta-
tic context.

In fact, notification mechanisms are getting more promi-
nent, especially with the advent of social networking (com-
munities), has many see it as the new trend in the landscape
of communications. Social Internet portals such as Facebook
[10] provide all sorts of notifications aiming at improving
the overall Quality of Experience by the end user towards
his friends. However, at this point in time, it is still lack-
ing a method to personalize the way a user status is updated
in what concerns privacy, location and other environment
factors. In this sense, in recent research activities, user per-
ceived QoE became a very hot topic, as it can be applied
to mostly any service, measuring the overall user satisfac-
tion. Assuming QoE is a consequence of a user’s internal
state (e.g., predispositions, expectations, needs, motivation,
mood), the characteristics of the designed system (e.g., com-
plexity, purpose, usability, functionality, relevance) and the
context (or the environment) within which the interaction
occurs (e.g., organizational/social setting, meaningfulness
of the activity, voluntariness of use) [11]; its measurement
and evaluation are still in their primary stages and conse-
quently very difficult to perform. On the other hand, the
principles behind its achievement are well known and doc-
umented in [11, 12]. Among the top ranked we can find
personalization, contextualization, adaptation, interactivity,
mobility, privacy, price and rewarding.

Correlating these facts with research done around so-
cial networks, it is easy to identify parallelisms between
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what social communities offer and what users are looking
for. These studies have been performed in [13] and [14],
where different aspects of social networks were analyzed
and matched with the user requirements. Moreover, social
networks adoption rate in the last few years [15] confirms
this trend. In this sense, a lot of research from both acad-
emia and industry is being done around this topic. To over-
come the discrepancy between online and “offline” net-
works, reality mining techniques can be empowered to ap-
proximate both worlds, proving awareness about people ac-
tual behavior. It typically analyzes sensor data (from mo-
biles, video cameras, satellites, etc.) to extract subtle pat-
terns that help to predict and understand future human be-
havior. These behavioral patterns, in turn, allow the predic-
tion of individual-level outcomes such as job satisfaction or
understand broader concepts such as how do social networks
evolve over time [16].

In order to meet the demand for popularized application,
socialized service of geographical information and solve the
sharing, interoperation and integrated application of geo-
graphical information in network environments, paper [17]
introduces a Service Oriented Architecture (SOA) model,
which can conduct distributed deployment, by combining
loosely-coupled and coarse-grained application components
on the internet according to the demand and effectively sup-
port the development of a geographical information ser-
vice. On the other hand, there are approaches such as [18]
which use IP Multimedia Subsystem (IMS) [19] as an ar-
chitectural framework to provide multimedia services over a
packet based Next Generation Network (NGN), where they
use IMS application servers and enablers for service deliv-
ery. In fact, the idea of extending IMS management to SOA
based next generation networks has already been acknowl-
edged at [20]. By combining concepts from the previously
enunciated approaches, we present an architecture based on
IMS as infrastructure technology and SOA as a software ar-
chitectural model, which will enable the provision and cre-
ation of user-centric context-aware services for next genera-
tion networks.

3 Architectural approach

The Context-aware User-Centric Multimedia Delivery Sys-
tem may be described as a multi-context multimedia deliv-
ery service, enhanced with user preferences and social ac-
tivities. It allows the originating party to create one or more
multimedia content items that can be distributed in a myriad
of forms according to the recipient(s) set of contexts avail-
able. This means that the same trigger may be experienced
in different ways depending on the user device, presence sta-
tus, user preferences or other external factors/contexts (e.g.,
weather, traffic, location).

3.1 General overview

In order to achieve such service, the proposed architecture
adopts a SOA model and it is implemented using an IMS
infrastructure in order to provide a network agnostic control
layer, facilitating at the end, seamless service delivery across
a variety of heterogeneous networks. This methodology will
provide a way to have a flexible and modular architecture,
making it possible to extend in the future by adding extra en-
ablers and consequently add more functionalities. Figure 1
depicts a high level overview of the used components as well
as indicates the protocols involved to communicate between
themselves.

Doing a top-down approach will enable an easy un-
derstanding of the presented architecture. The Service
Layer is comprised of, the enablers and the service bro-
ker/orchestrator, which host, build, manage and execute the
services. The enablers are generic components with de-
fined capabilities, implemented as services in SIP and/or
Web Application Servers (ASs), to be reused as building
blocks across multiple applications and services. They may
be used to provide a service directly to the end user, or in
conjunction with others. The service broker is an element
that allows dynamic and semantic service discovery, expo-
sure, orchestration and execution through the usage of poli-
cies. It is therefore responsible for the execution of service
request constraints through the orchestration of several en-
ablers.

The Control Layer is composed by databases and net-
work control servers for managing session setup, modifica-
tion and termination (when needed). The Home Subscriber
Server (HSS) is a database, which serves as a central repos-
itory for user related information, including user identity,
user preferences, among others. In the future the authors
pretend that some of this information is stored into a Com-
mon Profile Storage (CPS), defined by the Third Generation
Partnership Project (3GPP) in [21], a framework for stream-
lining service independent user data and storing it under a
single logical structure in order to avoid duplications and
data inconsistency. Being a logically centralized data stor-
age, it can be mapped to physically distributed configura-
tions and should allow data to be accessed in a standard for-
mat. As seen in Fig. 1, the HSS communicates with other
entities in the control and application layers by using Diam-
eter [22].

The Connectivity Layer includes routers and switches
for the TP Core and access networks including 3GPP’s
General Packet Radio Service (GPRS) or Universal Mo-
bile Telecommunications System (UMTS) Radio Access
Network (RAN), 3GPP2’s Code Division Multiple Ac-
cess (CDMA) 2000 RAN, Wireless Local Area Networks
(LANSs) and various fixed Digital Subscriber Line (DSL)
options. The User Equipment (UE), like PCs and mobile
phones, connect to the network at this layer.
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Fig. 1 General overview of the Context-aware User-Centric Multimedia Delivery System architecture

3.2 Functional architecture

In the previous section we introduced the main components,
which interact with the multimedia delivery system; how-
ever, it is important to know how each one of them work
and how they communicate with each other. Figure 2 details
the functional architecture, focusing only the service layer,
where our contributions are most notable. Once again, we
will use a top-down approach to detail the specific function-
alities of each entity.

Although all enablers interact directly with the applica-
tion server, from Fig. 2 it is possible to identify that some of
them are triggered through the service broker (the Rich Pres-
ence and Context enablers). The reason why not all compo-
nents are directly induced by the service broker is related to
the fact that at this stage the Messaging, Content Manage-
ment, Human and Session enabler specifications still aren’t
mature enough to allow reuse for any service. Consequently,
at this point it makes no sense to provide means for these en-
ablers to be correctly registered and exposed in order to be
discoverable and orchestrable, as it would be usual in a SOA
environment. Nevertheless, the further specification of these
enablers is one of the goals of the authors’ research, max-
imizing the simplicity of the application by exploiting the
advantages of a service oriented architecture, namely service
abstraction, discoverability, composability, autonomy, loose
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coupling of components, among others. One of these advan-
tages is the possibility that different service providers imple-
ment different parts of the system. Despite both the Session
Management, the Content Management and the Human en-
ablers are not required in order for the system to work, the
possibilities will be greater if they are available.

In the preceding scenario, we assume that the capabili-
ties, ontologies, semantics and policies of the specified en-
ablers were previously registered and exposed at the service
broker. That means that the service broker is able to know
how to execute every of the functions of the other compo-
nents, as well as make them available whenever other com-
ponents request so. To simplify, in this section we abstract
provisioning and charging mechanisms, as well as business
and operational support systems, focusing them later on,
when convenient, on Sect. 3.3. In order to understand the
role of each enabler, this section provides a small descrip-
tion of the basic functionalities of each component. A full
description of the functionalities and characteristics of these
components can be found in [23].

3.2.1 Context-aware User-Centric Multimedia Delivery
System application

This component is mainly responsible for managing and
representing the multimedia triggers defined by the end user.
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Fig. 2 Functional architecture of the Context-aware User-Centric Multimedia Delivery System

Upon a trigger creation, depending on its characteristics, it
passes through an evaluation, reasoning and interpretation
process. At this stage, the application realizes which capa-
bilities are going to be used for that specific trigger. After,
using the service requestor module, it interacts with the bro-
ker in order to realize which components can provide the
required capabilities. Subsequently, it demands service ex-
ecution based on the previously gathered information about
an exposed service. Furthermore, when some presence or
context information changes; it should be capable to deliver
the notifications to the reasoning module in order to evalu-
ate whether the trigger should be adapted to the new envi-
ronment conditions. When the application logic decides to
activate the trigger, according to a set of variables, namely
user preferences, context information, user profile, presence
information or other specified upon trigger creation, the tar-
geted users are notified via the Messaging server or Session
enabler (when required).

3.2.2 Service Broker/Orchestrator

The Service Broker provides a way for realizing rapid and
low-cost system development and improving total system
quality. It has the responsibility to coordinate a group of
services that communicate with each other. In this con-
text, services comprise intrinsically unassociated units of
functionality that have no calls to each other embedded in
them. Service Discovery and Service Registration relate to
required mechanisms for registering and discovering new
services by using service registries. Service Exposure refers
to the required mechanisms by which external users of this
service-oriented and service-driven model discover and ac-
cess network and other enablers functionalities. The next
step, Service Orchestration is the mechanism by which sev-
eral atomic services (service building-blocks) are orches-
trated in order to realize a chain of processes (a composition
of services), to either meet a predefined goal or to create new
services. Optimally, however not mandatory, policy based
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service access controlling mechanisms govern the external
invocation of services. After all requirements are fulfilled,
the service is executed.

3.2.3 Human enabler

This enabler is based on a Generic Human Profile (GHP) and
represents a set of properties build within a generic structure
that allows the services of the future to use user related infor-
mation, while respecting their privacy, needs and concerns.
Opening the door for opportunistic communications, user
context is disclosed according to contextual privacy poli-
cies and settings, enabling systems and devices to sense how,
where and why information and content are being accessed
and respond accordingly. In addition, by using semantic, on-
tology and keyword technologies that understand the mean-
ing of information and facilitate the accessibility and inter-
connection of content, it is possible to generate/infer new
types of knowledge that can relate to users’ behaviors, needs
or intentions. Together with the HSS and Context Enabler,
by storing users external contexts, it is capable of compar-
ing different sorts of data so far not correlated improving on
the one hand the algorithms, but on the other hand the user
overall satisfaction as services become more contextualized,
adapted and consequently personalized. Moreover, it allows
the integration of social data from different platforms, pro-
viding a unified way to access users’ (Humans) friends’ lists,
among others, combining both online and offline social net-
works data.

3.2.4 Rich Presence enabler

The Presence Server offers the basic presence functionali-
ties as well as location-based information. Due to its flexi-
ble and modular architecture, it can be easily extended and
customized for other event packages and applications when
desired and needed. The management module is responsible
for managing all the user subscriptions and keeping them up
to date. Every time a new notification comes, the Event Pres-
ence Layer passes this information to the Reasoning and In-
terpretation module which according to the defined settings
can trigger a notification or not. This module is very impor-
tant as it reasons whether the notification should be sent or
not, preventing users or other application servers from being
flooded with information they did not request.

3.2.5 Context enabler

Although in context-aware systems, domain knowledge is
very much tied to the application, building context aware
applications from scratch is not practical. Therefore, one
of the aims of this component is to decouple context from
application. In general it deals with context acquisition as
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a mechanism to obtain context from diverse sources, con-
text fusion for merging correlated contextual information,
context discovery as a mechanism to locate and access con-
text sources, context diffusion/dissemination for efficiently
propagating the context while ensuring availability and re-
liability [23]. The Representation component is fundamen-
tal because the context information needs to be represented
and modeled for being machine interpretable and exchange-
able using well-defined interfaces. The goals are to sup-
port easy manipulation, easy extension, scalability, efficient
search and query access of context information. The Rea-
soning and Interpretation module is responsible for deriv-
ing high-level contextual information from lower level con-
text or raw data (e.g. databases or sensor output). This in-
ference typically comprises several processing stages. Al-
though context-aware content selection is not included in the
application described in this paper, it will be added into this
entity and addressed in future work. Lastly, the Notification
module is responsible for delivering context information to
the enablers/applications that subscribe to its changes.

3.2.6 Messaging enabler

This entity represents a next generation cross network and
platform messaging system. This component has two main
functions: send messages across multi platforms to one or
multiple users and allow two-way communication, authoriz-
ing users to use the same channels to create, modify or delete
triggers, by using the Message Distribution and Notifica-
tion modules respectively. The evaluation module is where
the application logic is comprehended. By using predefined
codes, the messaging enabler can perform the notifications
to the respective application server. Despite the flexibility
of this component, the application is the entity responsible
for choosing on which channel the message should be de-
livered: SMS, Email, Multimedia Message Service (MMS),
SIP message or Extensible Messaging Presence Protocol
(XMPP).

3.2.7 Session Management enabler

Session Management is the entity in the architecture that
manages all the user-to-content and, vice versa, the content-
to-user relationships (Content Distribution module). In fact,
it provides the necessary signaling to deliver a specific con-
tent to its consumers. Session management handles differ-
ent types of events regarding session control, specifically:
session establishment, session renegotiation (upon a given
trigger or change), session termination and session mobil-
ity. Thus, it participates in dynamic changes such as switch-
ing between different content as it is closely inter-linked
with media delivery. Moreover, it is responsible for User
Context Evaluation, where according to the user device set-
tings and network conditions it is capable of adapting the
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content, providing the user with a more compelling expe-
rience. The Group & Community Management interface is
used to group users with the same context resources (de-
vice type and access networks) and enable the communica-
tion between them by using multicast delivery mechanisms
when convenient. Other grouping approaches such as pres-
ence, preferences and behavior will be further explored in
our future work under the Context enabler.

3.2.8 Content Management enabler

Content Management is the entity that is responsible for the
content provisioning, storage and management. The content
that is to be delivered to other users at some point in time
is previously uploaded. Both user generated and profession-
ally created content, namely advertisement content, can be
managed by this component. When uploaded, the content
may be tagged with metadata supplied by the user or con-
tent provider. Also, further content metadata extraction may
be performed by the system. The uploaded content is ideally
stored in dedicated storages and then made available to the
other enablers through an interface that is able to perform
lookups and searches.

3.3 Design decisions

Although the research in what concerns context brokers,
enablers or frameworks is very active, it usually does not
cover the entire life chain of context acquisition, reason-
ing and distribution. Our approach on the other hand focus
on the whole cycle, giving particular emphasis to the effi-
cient matching of content to context, as well as distribution
mechanisms (context-aware multiparty delivery). In order to
better understand our decisions, we separated the problem
analysis into four different topics:

3.3.1 Context view

A generic context-aware infrastructure that effectively de-
couples context from the application and supports many
different types of context-aware services requires a flexi-
ble model. Such model shall allow diverse context process-
ing components, probably operated by different service
providers, to be integrated, enabling the applications to han-
dle only the highest-level context. A generic model that
satisfies some of these constraints is a producer-consumer,
publish-subscribe, broker model [24]. This is the approach
used in our framework and its design principles are docu-
mented in [25]. All context-processing entities can either
be Context Consumers (CxC), Context Providers (CxP) or
a combination of both. In this sense, we can identify two
main parts in our context-aware system:

— Context Management subsystem concerned with context
acquisition and dissemination.

— Context modeling concerned with manipulation, repre-
sentation, recognizing and reasoning about context and
situations.

3.3.2 Service view

Considering a SOA and IMS approach allows for different
service providers and network providers to share responsi-
bilities in the service execution. IMS puts forward a well-
defined set of interfaces towards the upper layers. The net-
work providers, depending on their business model, may al-
low third party enabler implementations to interact directly
with their IMS infrastructure, or for certain key enablers
only allow a SOA bus to be set up on top of them. Either
way, the synergic possibilities between different service and
network providers, relying on different business models, are
obvious.

One of the consequences of context adaptation, particu-
larly when using SOA, is that adaptation can be partly sat-
isfied by the ability to compose and orchestrate services on
the fly, based on user and/or environmental context. As ser-
vice composition is a dynamic and flexible process, which
allows for reconfiguration as the context changes, this actu-
ation will represent an indispensable part of what it means to
be context aware. A step toward meeting this challenge was
to design a clear separation between the context manage-
ment supporting architecture and service architecture and
to clearly understand the interaction points between con-
text and services. Previous context-aware architectures have
shown that incorporating context change triggering deci-
sions within the application, service or service enabler is a
poor performing design.

3.3.3 Network view

From the network perspective, one key objective of our
framework is to investigate the dynamic optimization of
content delivery to a group of users based on the group’s
context; i.e. context-aware multiparty delivery, with QoS
guaranteed. The rationale for this work and the associated
network’s view of the CUMDA architecture enabling it are
presented in detail in [26]. As efficient network support of
real-time group communications requires dedicated multi-
party networking technologies, such as IP multicast asso-
ciated with QoS dynamic control, to send the same con-
tent simultaneously to multiple receivers, with intermediate
routers duplicating packets and allocating network resources
(e.g., bandwidth) as needed, we took these features into con-
sideration. Moreover, the heterogeneity of group members,
e.g. in terms of link characteristics, access to network re-
sources, devices used, physical mobility and environment,
makes it almost impossible to deliver content to all group
members in the same manner. Dynamic adaptation of the
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multiparty delivery is thus needed to optimize group com-
munications and maximize satisfaction of each individual
group member. Hence, although the same content is to be
sent to all group members, its delivery needs to be optimized
for each user based on his/her context. In that respect, opti-
mizations need to be considered at all levels of the proto-
col stack, including session, transport and network layers.
Furthermore, the context considered to drive the dynamic
adaptation of the multiparty delivery needs to encompass not
only the networking context of each group member (e.g. link
quality and characteristics) but also its environmental con-
text (device capabilities, physical location, speed, etc.). Nat-
urally, different adaptations can be applied simultaneously
for different members of a group receiving the same con-
tent, with adaptations for each user being driven by its own
networking and environmental contexts. Figure 3 illustrates
the network architecture for context-aware multiparty deliv-
ery, including context detection and delivery.

3.3.4 Content view

Our view focuses on four different stages: production,
processing, management and consumption. The first stage
includes content identification, targeting, selection, and clas-
sification. Here, content is carefully prepared, monitored,
and very importantly, related content metadata is generated.
The subsequent phase includes adaptation of the content and
its preparation for mobile use. In order to push the content
into the platform, there is a preliminary step to pre-process
the content in order to make it suitable for the platform’s
infrastructure. Then the item, and its metadata are stored in
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a database, which is part of the content management sys-
tem. The last step is content consumption. After a group of
people, an individual user or a context driven event triggers
the consumption of the content, it will be delivered to the
end-user terminals for final consumption, via multicast or
unicast.

3.4 Application behavior

To better understand the sequence flow between differ-
ent components, this section presents three basic scenarios:
when the trigger is set, when the trigger is changed, and
when the trigger is fired. The examples only describe a sub-
set of the functionalities this architecture is capable of offer-
ing.

3.4.1 Setup a trigger

In the scenario depicted in Fig. 4, the user uses a webpage or
a device proprietary application to setup a trigger. By start-
ing the application (1) the user triggers a discovery mech-
anism on the Context-aware User-centric Multimedia De-
livery Application (CUMDA) towards the broker (2). The
broker then returns the current capabilities and descriptions
on the existing services (3) and this information is later for-
warded to the user in a human readable format (4). Based on
the received information, the user selects the enablers and
contexts he/she wants to use for his trigger (5). This informa-
tion is processed at the application and resent in a computer
readable format to the service broker (6). There, the user
and service policies are cross checked to ensure the user is
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Fig. 4 Message flow between the components while setting up a trigger

allowed to use the orchestrated services. When no problems
occur, the services are executed in the respective enablers.
The first service to be executed is the subscription of the
rich presence status of the selected users (7). Upon execu-
tion, the enabler sends the initial subscription status of the
requested users to the application (8). Then the broker sub-
scribes specific contexts of a particular user or a set of them
on behalf of the CUMDA (9). Similarly to the other enabler,
the context enabler sends the initial states of the requested
contexts (10). After the trigger setup is completed (11), the
user may use the Content Manager, if available, in order to
upload a video or audio message to be delivered along with
or alternatively sets up a plain trigger message (12).

3.4.2 Change a trigger state

This example assumes a trigger where the user had previ-
ously setup a reminder to all her sports friends living in a
20 km range not to forget the next beach volleyball prac-
tice. However, in order to avoid disappointment, she de-
cides to enhance the trigger so that the event is canceled in
case it’s raining. As she is out of town with limited access
to a computer, she sends the following SMS to the server
“TRIGGER JSI1569 ADD WEATHER RAINING, ACTION
CHANGE TEXT ‘E-vent Cancelled due to bad weather’ ”.
Although the syntax is not yet clear, it exemplifies how this
could work. Figure 5 illustrates the message flow between
all intervenient. The scenario starts with the user sending an
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Fig. 5 Message flow between the components when the trigger is changes via SMS

SMS (1) to a specified number attached to the messaging en-
abler (ME). Upon reception, the ME forwards the message
to the CUMDA (2) based on the first word of the message
“TRIGGER”. Based on its Evaluation, Reasoning and In-
terpretation module, similarly to what happen in the previ-
ous scenario (see Fig. 4), the CUMDA detects that it needs
to acquire some weather conditions for a specific location
and therefore tries to find an enabler that offers such ca-
pabilities. After receiving this information from the broker
the CUMDA requests it to orchestrate and execute the ser-
vice (3). After checking all the policies, the service is exe-
cuted and the broker subscribes for weather conditions on
behalf of the main application (4). As it is impossible for
the context enabler to collect every type of context, it out-
sources/subscribes this information to third party entities.
When it receives an update for the required location, this
is then forwarded to the application in order to act accord-
ingly (5). Subsequently, the system stays on hold, waiting

for any notification or event.
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3.4.3 The triggering

Following the previously defined scenarios redline, after a
setup and change of a trigger, it is eventually activated. Fig-
ure 6 shows the message changes that occur when the de-
fined trigger timer is fired.

As this trigger type was not supposed to be activated by
any rich presence status (includes location) or weather up-
date, it was waiting for the stipulated time to trigger itself.
However, in the meantime, it has been receiving weather (1)
and rich presence status (2) updates whenever changes oc-
curred. When the trigger occurs, the internal procedures try
to gather and evaluate all the context information. In this
example, only two of the users were within the defined noti-
fication range. Based on their presence status, the CUMDA
decided that “user A” should get an SMS (4a) because she
was busy and “user B” should be notified via SIP message
(5a) because she was online with her SIP client. These mes-
sages are preceded by the notification towards the messag-
ing enabler (3a). Alternatively (3b, 4b, 5b), if at the time of
the trigger definition the user defined a video to be sent, the
Session Management Enabler would be used to deliver it,
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instead of the Messaging Enabler. This is also dependent on
the user context, as in some particular environments a less
intrusive trigger, like a simple message, may be preferable
even if a video is available. After all messages are success-
fully sent, the application is acknowledged (6). Lastly, ac-
cording to the author presence status, the messaging server
is informed (7) to notify the user (8) that the trigger was ex-
ecuted successfully. In case of problems, these should also
be reported on the last message to the end user.

4 Validation

In order to corroborate the proposed architecture not only
based on technical but also business aspects, this section
presents two different use cases as well as introduces a pro-
totype implementation of what can be achievable with such
an architectural model.

4.1 Use case 1: notify me and warn my friends

For those who are familiar with long duration travels by
train or bus certainly already experienced sleepiness. What

if there was an application that could act as geographic trig-
ger, wake you up near your destination and at the same time
warn your friends or business colleagues that you are ar-
riving. With such an architectural approach, this scenario
can easily become a reality. Moreover, it would be possible
to personalize the way each intervenient would be notified.
Actually, this concept would allow users to build their own
triggers based on intuitive graphical interfaces that represent
logical interfaces towards a myriad of enablers. In Fig. 7,
we assume that the user wants to use Location, Messaging,
Presence, Time and User Preferences enablers. The trigger
composition starts with the user selecting that only her girl
friends between 18 and 40 will be targeted. Passing to Lo-
cation, the user is able to specify a geographic point and
a radius where the service will be provided (inside or out-
side the area), which corresponds to the desired destination
of the transportation. After that, she selects which presence
status should be considered for the service she wants to de-
ploy. Then, the map is updated with all her contacts that are
within the specified area with the selected presence status.
Subsequently, the user defines the criteria to send messages.
According to this decision, the system automatically detects
what is the best way to contact each of her friends. At last,
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Fig. 7 Example of new trigger setup graphical interface

the service can be executed or programmed to run at an-
other time. Before being executed, the trigger can be saved
as a template either for future consumption or sharing with
friends.

This approach brings new business models that can arise
from proactive actions initiated or event triggered by the
user itself, changing the established paradigm of a user, from
service consumer to a service producer. Moreover, besides
offering what most users seek in services nowadays: per-
sonalization, contextualization, mobility, interactivity, adap-
tation and at the same time usage control. Moreover, it
could help to increase service operators Average Revenue
per User (ARPU) as this application would take advantage
of network infrastructures and other operational systems,
e.g., SMS platforms, Global System for Mobile Commu-
nications (GSM) or Third Generation (3G) networks. Fur-
thermore, it would allow service providers to better un-
derstand their customers and their buddies, increasing the
value of their profiled data, which could be used for future
services/environments such as social applications. Another
possibility would be sponsoring the trigger service through
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advertising. Based on a cross reference between the multi-
media content to be delivered (text, video, voice, etc.), the
user preferences and profiled information, the content could
be extended with relevant advertising information. In this
case, the system could for example extend the content of the
message to include a special discount, to all intervenient, in
a coffee shop near the arriving point. This would however
require that content other than text to be tagged semanti-
cally so that the reasoning and interpreter module inside the
context enabler and CUMDA related information could be
correlated. This will therefore be addressed in future work
where we will improve content to context matching.

4.2 Use case 2: targeted advertising

The proposed architecture can also be used to address ad-
vertising scenarios, where advertising companies can send
targeted campaigns towards their customers or even aim-
ing at new clients that are willing to receive commercials
in exchange for some other benefits (discounts, free goods
or even free SMS’s or minutes). This brings opportunities
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not only for operators but also to developers which build
applications under other platforms such as social networks.
By correlating this new hype (social networks) with the
CUMDA, the possibilities and amount of collectable con-
texts are huge, not to mention the increasing target audi-
ence that can arise from concepts such as “Friend of a
Friend” (FOAF) [27], widely available inside these environ-
ments.

The following scenario presents users in proximity of cer-
tain sell-points with information about the goods that are
available on special prices. Moreover, we will assume that
there is not a “one-to-one” relationship between the adver-
tising company and the shop, but a “one-to-many”. This
means that, although the trigger will be activated by the lo-
cation, the information targeted for customers will not only
take rich presence information and user preferences into
consideration, but also other contexts, providing the user
with a new type of experience. As the messaging flows be-
tween components were explained in Sect. 3.4, we will fo-
cus on the example. Supposing that different shops had their
triggers and respective content previously setup under ap-
proximately the same location, the airport. At this point in
time, several contexts associated with the defined triggers
are proactively being collected by the context enabler. At
some point in time, user John activates (due to location)
simultaneously two different triggers. When this happens,
both triggers get a relevancy grade and the higher one is the
one that will be finally targeted to John. Figure 8 gives an
overview illustration of this process. In a world in which the
line between users, providers and advertisers is becoming
increasingly blurry, a trend best exemplified by the Web 2.0
phenomena, avoiding intrusion and advertisement spam has
become very pertinent. Work towards this issue will be ad-
dressed by future work.

At this point in time, it is still not possible to correlate
both contexts and content itself, but as explained before, this
will be addressed in future work, improving the way the rel-
evancy grade is determined, as at this point in time it only
takes the store information into consideration, and not the
content of the advertising product itself. In this particular
case, “trigger 1” had been set by an accessories shop and
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-7 degrees/snowing
only 1 alarm per day

bought: jacket, glasses

john lives 500m away

®
J

Session
Management
Enabler

Evaluation,
Reasoning &
Interretation

Relevance
Grade

“trigger 2” by a wine shop. During the inference process
we admit that the reasoning algorithm had the words “um-
brella” and “cap” under the shop associated metadata. Gath-
ering all contexts, it seems to be more relevant when we
consider that it was snowing and due to traffic conditions
the best way to go home would be walking. As his wife
had her presence status set to busy, he would have to walk
home alone. Moreover, his profile indicates he has bought
some clothes recently, which means he will eventually be
interested in buying some accessories. This resulted into a
5.3 relevance grade. On the other hand, the correlation be-
tween wine products and the existing contexts was low. Con-
sequently the relevance grade was only 2.1.

When the session enabler receives a notification to start a
media session with the user, it verifies the user’s device set-
tings and network conditions to check whether the content
needs to be adapted. If not, the advertised content and proba-
bly a discount coupon are sent to the user. Upon entering the
shop, John uses his coupon to get a 20% discount on a brand
new umbrella. Later on, when the coupon number is inserted
in the system, John’s history profile is updated accordingly,
leveraging this information for future reference. Despite the
fact this architecture can be used for advertising purposes,
it would have to be improved to fulfill both advertisers and
customers’ needs.

4.3 CUMDA concept validation

In order to test the concept proposed on this paper, a proto-
type of the Context-aware User-Centric Multimedia Deliv-
ery System was created. The application was developed us-
ing JAVA and deployed on a BEA Weblogic SIP Server [28],
using both SIP and Hypertext Transfer Protocol (HTTP)
protocols. At this stage, it was not possible to intercon-
nect this application with any Broker or Orchestration sever,
therefore, the discovery process was bypassed in our trials
and the service orchestration hard coded on the CUMDA to
enable service execution between all the enablers. The val-
idation scenario was setup under FOKUS Open SOA Telco
Playground [29] where the following components where
used: OpenIMSCore [30], FOKUS Presence Server [31] and
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Converged Open Messaging Server (COMS) [32]. During
the experiment we used the Telecom Italia Labs Context
Broker [1] as context enabler and interconnected it with the
CUMDA, which was responsible for requesting/subscribing
the contexts. Session Management Enabler and Content
Management Enabler were minimally tested at this stage
(managing multimedia sessions with minimal multimedia
adaptations—device capabilities). By using a proper config-
uration webpage, a user could select which capabilities the
trigger should have.

On our tests, we decided that a user should be notified
every time a specific friend is in a 1 km distance of his
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house. Furthermore, the trigger should only be triggered if
the user was also in the same region and it is not raining.
As a notification mode, the user defined to be alerted with a
message: via SIP message when online and via SMS other-
wise. Moreover, we enabled trigger modification via SMS,
like explained in Sect. 3.4, so that the trigger would consider
not only raining but also snowing into its evaluation. When
the user’s friend finally moves inside the targeted area, the
trigger evaluates the user location, the current weather con-
ditions and when all conditions are verified, its checks the
current user presence status. As it was offline, the user is no-
tified via SMS that his friend is in the surroundings. Figure 9
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details the interactions among all the components involved
in the concept validation scenario.

Using such a testing environment enabled us to acknowl-
edge that the concept works and can be useful. Nevertheless,
this was not performing in a dynamic way like presented in
the architecture. Therefore, although the concept was tested,
the architecture needs to be further validated.

5 Conclusion and future work

Service creation paradigms are changing as users demand
for adapted, contextualized and personalized services, al-
lowing interactivity and easy integration with their social
environments, enabling them to access and consume con-
tent/services anytime, anywhere, anyhow. Moreover, users
want to be in control of their services which require an adap-
tation of today’s business models and technologies in order
to support this desire. In fact, to achieve this vision, we need
an architectural model that technically supports the previous
described concepts. SOA is considered as the philosophy of
encapsulating application logic in services with uniformly
defined interfaces and making these publicly available via
discovery mechanisms.

Based on such premises, CUMDA architecture enables
users to design complex and personalized context-aware
user-centric multimedia notification mechanisms using a
simple and clear interface. Moreover, this architecture al-
lows two-way communications, introducing interactivity
into the scenario, enabling users to add, edit or delete a mul-
timedia trigger across a set of different platforms (e-mail,
SMS, SIP message, XMPP, HTTP, etc.). By using IMS as a
control technology, the architecture becomes access network
independent and therefore easy to integrate with a different
set of devices using multiple technologies.

Furthermore, exploring such an architectural approach
enabled the identification of interesting topics that could
improve the functionalities, efficiency and scopes of the
CUMDA. Firstly, the context to content matching, which
will improve the relevance of the content recommended or
targeted to the end user, depending on the user’s current con-
text and profile. Both these dimensions will be relevant to
choose content based on its semantic metadata and on its
format. The effectiveness of such improvement is believed
to be directly impacted by the completeness of content meta-
data, the availability of context information, and the existing
mechanisms to perceive user preferences. Secondly, the in-
tegration with social networks will be further explored un-
der the human and context enablers; not only to improve
context-gathering mechanisms but also to cover business re-
lated issues. Thirdly, it showed how interesting this architec-
ture can be for advertising.

Correlating this fact with industry reports [33, 34], which
indicate advertising will be the business model of the future,

makes all sense to explore this idea in the future. As future
work, this architecture will be extended under two paral-
lel branches. The first will be under the European Project
C-Cast where a framework to collect data, manage context
groups, enable context driven content creation, reason con-
texts, distribute and efficiently manage context aware mul-
tiparty and multicast transport is defined. The second, in-
side the FOKUS Open SOA Telco Playground where an ad-
vertising enabler will be deployed to create a unified multi
channel (TV, Mobile and WEB) advertising solution capable
of targeting users according to their preferences and needs,
concerning intrusion and advertisement spam avoidance by
introducing the concept of buddy lists, policies and prefer-
ences, already existent and well developed in the context of
social networks and telecom environments, generalizing it
for the advertising world. To sum up, this paper presented an
application and architecture, which pretend to act as a start-
ing point for future context aware next generation network
architectures, improving at the end the users perceived Qual-
ity of Experience by addressing topics such as personaliza-
tion, contextualization, adaptation, interactivity and mobil-

ity.
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