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Abstract. In this paper, we present a collaborative context-aware
framework for rural living labs or rural innovation ecosystems as So-
cial Spaces for Research and Innovation (SSRI). The proposed framework
exploits seamless integration of standard ubiquitous computing technolo-
gies to support smart collaboration and knowledge sharing between ru-
ral communities. We underline an open collaborative platform based on
context-aware components useful in any rural living lab area. This plat-
form is focused on the bus component which acts as a connector for the
different living labs. The bus architecture gives the advantage to facil-
itate the dynamic integration of living lab services using discovery and
binding methods. It guarantees also the large scale interconnection of all
the living labs. Building such framework requires resolving a main issue
of the design approach. Moreover, we experiment the use of such plat-
form in rural community of fishery sector. The work presented in this
paper is one of the main results of the Collaboration@Rural (CQR) Euro-
pean research project: a collaboration platform for working and living in
rural areas (FP6-2005-IST-5-03492) that aims to build a platform of net-
worked living labs for context-aware collaborative working in rural areas.

Keywords: rural living labs, collaborative platform, context awareness,
ubiquitous computing, orchestration.

1 Introduction

The term Living Lab (LL) was given at the first time in 2003 by ProfWilliam
Mitchell from MIT, Media Lab and School of Architecture and city planning.
He defines this new concept as a research methodology for sensing, prototyp-
ing, validating and refining complex solutions in multiple and evolving real life
contexts.
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This new concept is also represented as innovation environments where stake-
holders form a partnership of enterprises, users, public agencies and research
organizations. Since then, many definitions of LL have been proposed in the lit-
erature. In a LL, cooperation is established for creating, prototyping and using
new products and services in real-life environments. Users are not seen as an
object of innovation and customers but as early stage contributors and innova-
tors [I]. Thus, we might view LLs as concrete implementations of user driven
open innovation environments [2]. Consequently, we have agreed on the follow-
ing definition: LL is a research methodology for innovation that challenges the
whole research and innovation process in real-life conditions by human, social,
cultural, organizational and institutional aspects, and has an impact on sustain-
able service,business and technology development.

Several researches in the field of LL were undertaken in the literature. The
most of them concerns the proposition of ubiquitous technologies applications to
impact socially and economically LLs environments. Other works deal with LLs
in education [3] and home environment [4]. In the last five years, the European
commission funded researches to build LLs as open innovation platforms. These
LLs are intended to be used in a real-world environment for collaboration among
stakeholders in the value of ICT (Information and Communication Technologies)
production [5].

Hence, the paradigm of LL is used more and more in the area of ubiquitous
computing as it involves user in the early phases of service innovation. Moreover,
Rural Living Labs (RLLs) are a special kind of this paradigm that enhances ICT
rural development and that are user-centered design. Ubiquitous collaboration
in LLs targets to provide users with integrated context-aware services capable
of exploiting all the facilities of both wired and wireless environments. These
services allow creating flexible and effective virtual teams. Such integrated ser-
vices placed in the rural context may be adapted to different users situations
and environment characteristics.

The CQR, LLs have been setting up to experiment advanced collaborative work
and business innovations to enhance attractiveness of rural areas and strengthen
rural development. Within the CQR project, a LLs vision and methodology have
been developed and implemented to create rural and regional innovation envi-
ronments. This project aims to propose and develop an innovative collaborative
platform for rural communities and demonstrate the use of this platform by inte-
grating various tools for various user communities. It promotes the development
of an open collaborative architecture which enables the reuse and the contextual-
ization of services and collaborative tools. Seven LLs have been launched; six in
Europe and one in South-Africa, to establish and experiment collaborative plat-
forms and applications enhancing Small and medium enterprises (SME) related
work and business collaboration in specific sectors.

In this paper, we highlight our proposal for designing the collaborative context-
aware platform for LLs and managing context-aware services. The methodology
used is called Open Service Oriented Architecture (OSOA). The context-aware col-
laborative platform enhances social and economic conditions in rural environments
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through the introduction and experimenting of new ways of working and managing
business. This platform is focused on the bus component which acts as a connector
for the different LLs. The bus architecture gives the advantage to facilitate the dy-
namic integration of LL services using discovery and binding methods. The paper
is organized in the following way: section II introduces the framework for context-
aware collaborative platform in LLs. In the section III, we illustrate the use of this
framework for rural LLs in the fishery sector.

2 Framework for Context-Aware Collaborative Platform
in Living Labs

An efficient methodology to set up a framework for context-aware collaborative
platform is indispensable. We present and argue the use of the OSOA approach
for the design of such architecture. Then, we describe the framework with its
several layers and highlight the different features of context-aware components
in this framework.

2.1 Framework Modeling Methodology: OSOA Approach

Service Oriented Architecture (SOA) nowadays is a well known term providing
principles of how to develop and integrate a system of loosely coupled services.
SOA defines not only the low-level software architecture design principles but is
a complete enterprise software concept including among others security, gover-
nance, deployment and integration. The term Open Service Oriented Architec-
ture (OSOA) which is used to define the CQR SOA [6][7] approach also defines
a set of principles to develop and integrate a system of loosely coupled services
but also components. The differences to a traditional SOA approach are the con-
cepts built upon and how they are combined to provide the ground of a service
oriented collaborative working environment (CWE).

On the software architectural level there currently exist many different flavors
and interpretations of service-oriented architecture (SOA) concepts, which are
being promoted by different organizations. One of the most popular and active
SOA developers group is the Open SOA (OSOA) Collaboration [§], which rep-
resents an informal group of industry leaders with a common goal. They work
together on the definition of a language-neutral programming model able to
meet the needs of enterprise developers who are developing software following
the SOA principles.

The OSOA follows similar concepts and represents a system that exploits the
SOA benefits using language-neutral concepts to build the ground for a service
oriented CWE. Since the CQR, architecture will be used in a broad community,
among different LLs, and in a diverse set of use case scenarios it is essential
to build the architecture upon well defined standards and to avoid proprietary
concepts. The most important standards used in the C@QR OSOA improve the
quality of developed software and thus ensure the interoperability, maintainabil-
ity and reusability of the individual components. This enables the utilization of
advanced Collaborative Working Environments even in rural setups.
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The CQR CWE System is certainly a different and wider concept than the
OSOA Collaboration Group proposal and other SOA approaches, as it is not just
considering software developers agreeing on a software architecture providing
user services, but as a whole Open System to enable a CWE considering all
available actors: users, equipment, service providers,software providers, CWE
system designers and stakeholders.

Reference Architecture Design. The main purpose of the CQR project is
to introduce and involve collaborative works environments which will raise rural
development. Actually, the issue is related to the networked LLs where users
need to collaborate, communicate and exchange information. Setting up an open
collaborative architecture that enables the reuse, the contextualization and the
personalized of services and tools is mandatory to cover the rural character of
such LLs.

Architecture layers. A layered architecture design realizes decoupled com-
ponents [9]depicted in the figure 1 to deal with different aggregation levels of
business functionality, namely:

— CCS. Collaborative Core Services implemented as reusable software com-
ponents that encapsulate distinctive core functionality. Such functionality
provides basic services (e.g. 3 G connectivity, SMS delivery, order creation
etc.). CCSs plug into the CQR Control BUS where they are registered. Every
CCS provides a public API, implemented as a Web-service;

— SCT. Software Collaboration Tools [9] comprise aggregated functionality,
which can be integrated into a final RLL application, but is of such a degree
of independence to be usable for various applications even across different
Living Labs. Simple SCTs provide only one CCS and more sophisticated
SCTs orchestrate several CCSs into a business process to the RLL appli-
cation via a web service interface. SCTs can be defined using different lan-
guages. One of the basic objectives of CQR is to use as much as possible
standard languages. Current implementations of the SCTs use BPEL [I0]
and/or BPMN [I1] that allows the creation of scripts, which are executed
by the orchestration engine;

— OC. Orchestration Capabilities [I2] provide collaborative functions and li-
braries that will be used by executable scripts that define the composition of
SCTs. Three orchestration capabilities are identified, namely Context Aware-
ness, Distributed Workspace, and Advanced Services. A Collaborative sit-
uation may involve atomic functions from different OCs such as Messages
Broadcasting, Shared Display, Videoconference systems, etc. categorized as
the three identified orchestration capabilities. OCs can be implemented as
Web Services (following the CCS design) or as static libraries deployed to-
gether with the Control BUS;

— RLL. Rural Living Lab applications cover end user interactions (via a User
Interface) with a system supporting collaborative workflows that overcome
problems related to rural activities. These applications make use of underlying
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layered business functionality encapsulated in SCTs but also linking directly
to CCS and OC functionality.

Additional to these layers a Control BUS has been conceptualized and imple-
mented in order to centrally deal with component registration and brokerage.

RLLN

Validating Validating
Application 1 Application 2

[ Instantiation |

' Software Tool 1 Software Tool 2 Software Tool N
| |
Capabilities 1 Capabilities 2 Capabilities N
= _ 1

Uniforming layer

RLL:Rural Living Labs, SCT:Software Collaborative Tools, CCS:Collaborative Core Services.

Fig. 1. Framework for context-aware networked RLLs

Control Bus. Control functions of the elements of the CQR, Architecture are
encapsulated in the Control BUS. It acts as a resource broker, where signaling
information about resources is exchanged, enabling the system to search for re-
sources, managing their interconnection and supporting collaboration among dif-
ferent CWEs. The BUS acts as an informing middleware that is a conceptual
inter-layer space designed for CCS component harmonization, homogenization
and adaptation to standards. It makes the CQR architecture more powerful and
flexible allowing an easy integration of proprietary or new standard CCS compo-
nents. This key piece of CAQR architecture consists of five modules (see figure 2):

— Bus maintenance. This module is responsible for keeping the logs of all
the BUS activities, and for all tasks related to the management of the BUS
itself. Furthermore, the module offers configuration files and interfaces for
the administrators to control the behavior of the BUS;

— Registrar. This module is responsible for keeping a database of all com-
ponents (CCS and Orchestration Capability) connected to the system. Fur-
thermore it implements search functionality, allowing any element to look for
other elements (CCS, Orchestration Capability) connected to the platform;
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— Connector. This module allows interconnection of components and the
management of release and monitoring of connections among them;

— Instantiation management. This module serves to support the instanti-
ation process;

— Bus Inter-working. This module is responsible for negotiating the com-
munication with other CQR platform BUSes, or even control layers of other
platforms. It provides collaboration among different BUSes and enables
resources sharing.

Fig. 2. Control bus

BUS implementations require the establishment of information channels with
the resources that it pretends to manage and interconnect. Those Control Com-
munications are centralized by the BUS and use Web Services as transport tech-
nology, while Data Communications are P2P and may use any kind of transport
technology.

Orchestration capabilities. The Orchestration Capabilities (OC), as defined
by CQR [12], provides collaborative functions and libraries that will be used
by executable scripts that define the composition of SCTs. Three orchestration
capabilities have been identified:

— Distributed Workspaces includes the minimum necessary methods and data
structures to build high-level collaborative functions;

— Context Awareness adds functions providing environmental status and meth-
ods for context change reaction;

— Access to Advanced Services includes SIP/IMS & Security capabilities.

C@R has analyzed current collaboration activities performed at Rural Areas
(using the seven Rural Living Labs included in CQR. This analysis concluded
on the identification of 45 services that where common to two or more RLL and
60 services that are specific for only one RLL. The identified common services
are the candidates for being including in any of the OCs of CQR in order to
provide the basic support for creating complex collaboration services.
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Context-aware components. Context awareness was introduced for the first
time by Schilit and Theimer [I3]. They defined context of an entity as a set of
information concerning the identity of the entity, its location, identities of nearby
objects and changes to those objects. Ryan et al. [T4] present context of an entity
as its environmental information, such as location, time, temperature and its
identity. Dey [15] considers context of an entity as its physical, social, emotional,
and mental (focus-of-attention) environments, location and orientation, date and
time of day, other objects in the environment.

The majority of these researchers share a common vision of context as it
represents a set on information about location, time and activity of a person.
In the CQR architecture, CCS components are contextaware components as
they provide contextual information about the user. Actually, these components
provide information about user location, user profile, spoken languages and Web
sensors, namely the following components have been implemented and used in
the individual Living Labs (see figure 3):

Spoken Languages User Profile Location
Multilangual CCS J l User Profile CCS J lﬁeo Catalogue CCS
Context
Awareness CCS
Sensors McCI Networking

| Web Sensor ccs J | Multimodal ccs ‘ SMS/MAIL CCS

Fig. 3. Context-aware components

— User profile: the User Profile Component (UPC) describes the user per-
sonal information, preferences and role. Once the user is authenticated, it
is possible to load his particular profile and particular preferences. In this
way, available components and their settings are customized on startup. The
context awareness API related to UPC allows full access with appropriate
authorization to context information component to allow technicians the
reuse of the UPC by simply invoking some methods. This component is for
its nature distributed and cross-LLs as potentially. It is expected to run
on the top of different databases which are implemented into several and
heterogeneous products both open source and commercial licenses;
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— Geo-Catalogue: catalogue services are the key technology for locating,
managing and maintaining distributed resources. With catalogue services,
client applications are capable of searching for resources in a standardized
way (i.e. through standardized interfaces and operations). Catalogue compo-
nent developed for CQR architecture automatically collects CCS component
metadata and provides their registration into metadata catalogue. This in-
ternal component gives to users/developers possibility to register metadata
records for new developed CCS as well as to know which CCS are currently
available in the CQR architecture. Once registered metadata can be searched,
extended or updated using some of metadata applications (Metadata editor
or Metadata Catalogue System);

— Web sensor: this component presents many opportunities for adding a real-
time sensor dimension to the Internet and the Web. This has extraordinary
significance for science, environmental monitoring,transportation manage-
ment, public safety, facility security, disaster management, utilities Supervi-
sory Control and Data acquisition (SCADA) operations, industrial controls,
facilities management and many other domains of activity;

— MDLC: the Multilanguage Data Loading Component is a context-aware
component which allows user applications to retrieve a set of configuration
files that contain the localized texts needed to interact with the end users.
This software component enables user applications to adapt their interfaces
to a particular user. Hence,the communication happens in terms of their pre-
ferred language. The component aims to empower user applications with the
capability to perform the loading of different languages as a set of localized
texts at the interface level stored in configuration files which are particular
to a specific application.

3 Experimenting C@QR Platform in the Fishery Sector

Among the different rural regions of LLs, we have chosen as an experiment
example the Cudillero living lab (in Asturias, Spain). This LL has been developed
in collaboration with public administrations, the local authorities and the fishery
guilds. Applications developed for the fishermen try to enhance current business
processes in order to make fishing production more profitable, e.g. helping on
the day-by-day activity of the users in the vessels and in the auction process
via the transmission of reports on the catches (arrival hour, sizes of the catches,
total weight of the catches, etc.) and thereby contributing with a significant time
and workload saving. The applications also contribute to improve the safety of
fishermen in case of accidents or health emergencies, providing an immediate
response from the health authorities. Furthermore, the collaboration between
vessel and port will serve to optimize the organization of the port activities.
The following use cases have been implemented in the Cudillero RLL: GPS
based catches data sending; Weather reports; Alerts management service and
safety on board; Messages delivery service by instant messaging and presence.
Based on mockups and prototypes validated by the user community, the software
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platform is implemented according to the principles of the proposed reference
architecture. Once prototypes are developed, the basic software components and
their interactions are determined. As a result the three layered architecture is
mapped onto the individual components (see Figure 4, for use case Catches data
sending). From bottom to top, CCS (Collaborative Core Services) components
are the atomic resources which are orchestrated thanks to a control middleware,
by service scripts and collaborative functions in the SCT layer of the architecture.
These collaborative core services (CCSs) in layer 1 are registered in the resources
broker (Bus) enabling the system to search for resources and managing their
interconnection. A homogeneous layer (BusCCSOperations library) registers and
connects CCSs to the Bus, in order to make each identified CCS available to the
C@R platform.

Use case Components Description

Messages Quening Service. This component is used
MQS to guarantee that messages are sent whenlack of
communication coverage.

GPS_LS GPS Service to get the boat GPS position

Speech Becognition Service to allow fishermen to fill
SRS in the reports through their voice

Multilanguage Data Loading Service. MDLS is a

MDLS software component that discriminates the
GPS based application language and texts.
catches data Authentication Authorization and Aundit Service to
sending AAAS get software components connected and registered
to C@R architecture and let users to register in the
platform

Data Management Service to manage data from
DMS | CDSApp
DSS Data Storage Service responsible for the database
M5 S SMS Service
EM 3 Email Service

CDS App | Catches Data Sending Application, including SCTs
and user interface

FIS App Fishery Information System Application- including
SCTs and user interface

UPC User Profile Component

Fig. 4. Prototypes in basic components, in this case catches data sending

Services for Cudillero operate in a main domain where two sub domains are
distinguished: the fishing boats sub domain and the fishery sub domain (see
figure5). Each sub domain relies on one C@QR bus. Different sub domains are
registered in the Cudillero domain through the bus internetworking capability.
This module also enables the reutilization of basic resources or the information
exchange with other domains as other ports (i.e. Aviles port). Layer 2 in Cud-
illero utilizes a specific component as an Orchestration Capability: the authen-
tication Authorization and Audit Service (AAAS). AAAS acts as a transversal
service that needs to be preregistered in the bus to let the rest of CCSs to be
authenticated to the CQR platform.
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Fig. 5. Software components in Cudillero sub domains

Datos generales|Capturas| GPS |Prevision metereolégical

sl
Prevision deolea‘“

i

Identificador de barco 5T-4 -]

Nombre [Bluesea
Hora de salida [eozss
Hora de llegada [eozas
Puerto dellegada  [CUDILLERD ¢

Lonjadeventa [N |

Fig.6. CDS APP main data screen

Layer 3 defines the Collaborative services instantiation process. SCTs or soft-
ware collaboration tools are the key elements to instantiate the collaborative
platform relying in each bus. The SCTs deal with the modeling of the business
processes of each sub domain. This piece of software is first compiled to get a
BPEL script. These scripts contain information about all the necessary elements
and basic services to be connected and started to run the platform. This BPEL
script is uploaded to the SCT scripts repository. When the instantiation process
begins, the SCT is downloaded to a server (composition engine) configured with
some instantiation parameters (additional code). As a result, CCSs defined in



Context-Aware Collaborative Platform in Rural Living Labs 75

the SCT are deployed to the server, registered to the bus and started. Most of
the software components are identified as Collaborative Core Services (CCSs)
except the AAAS that acts as a transversal service that needs to be preregistered
in the bus to let the rest of CCSs to be authenticated to the CQR platform.

Two special CCSs were distinguished in each sub domain: 1) CDS App -
Catches Data Sending Application, see Figure 5, and 6) FIS App - Fishery
Information System Application. These specific CCSs (CCS applications) consist
of the graphic user interfaces and the service framework. These are main threads
that use and orchestrate the basic services (rest of CCSs) to compose end user
applications.

4 Conclusion

One of the key objectives of CQR is the development of a reference architecture
reflecting advantageous concepts that overcome a variety of challenges and pain
points typical for rural CWEs. Deriving common characteristics of such archi-
tecture turned out to be difficult due to the limited capabilities of end users to
reflect on technical needs and to the differences in target sectors of the 7 Living
Labs involved.

Ca@R found out overlaps between architectural needs if not between all Living
Labs at least between some of them. These overlaps have been translated into
several principles (decoupling, open standard compliancy, flexible infrastructure
support, service orchestration, interoperability, etc.) that drove the architectural
design and the implementations in the individual Living Labs.

The common principles of the reference architecture have been realized exem-
plary and subsequently validated in terms of added value. Such common princi-
ples include the usage of most important standards (e.g. web services, BEPL),
component representation (e.g. BPMN), tools (e.g. Intalio Designer), reusable, en-
capsulated functionality (OC services, CCSs), security models (e.g. AAS) or ser-
vice brokerage (e.g. BUS). Besides commonalities the flavored implementations in
the different Living Labs also showed distinctive differences that reflect the local
specifics, e.g. the usage of the sub domain concept in Cudillero (fishing boats) or
the limited usage of the BUS in Sekhukhune due to network impediments. The
full potential of architectural benefits couldnt be leveraged during the lifetime of
the project. Nevertheless the validation of architecture implementations in dis-
tinctive experiments provided promising results: In particular the CQR reference
architecture is capable to facilitate the reuse of collaboration services, concepts
and components across design and runtime environments of different CWEs.

The required degree of flexibility to develop and operate software collaboration
tools has been assured through the usage of the most relevant standards in the
fields associated to services. Openness and interoperation of CCS components
for SCT orchestration coming from different platforms have been showcased.
The performance of SCTs using the base components of the architecture is sat-
isfactory and cost and effort required to develop software collaboration tools are
competitive.
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