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Abstract. In the Future Internet, applications based on Wireless Sensor 
Networks will have to support reconfiguration with minimum human 
intervention, depending on dynamic context changes in their environment. 
These situations create a need for building these applications as adaptive 
software and including techniques that allow the context acquisition and 
decisions about adaptation. However, contexts use to be made up of complex 
information acquired from heterogeneous devices and user characteristics, 
making them difficult to manage. So, instead of building context-aware 
applications from scratch, we propose to use FamiWare, a family of 
middleware for Ambient Intelligence specifically designed to be aware of 
contexts in sensor and smartphone devices. It provides both, several monitoring 
services to acquire contexts from devices and users, and a context-awareness 
service to analyze and detect context changes. However, the current version of 
FamiWare does not allow the automatic incorporation related to the 
management of new contexts into the FamiWare family. To overcome this 
shortcoming, in this work, we first present how to model the context using a 
metamodel to define the contexts that must to be taken into account in an 
instantiation of FamiWare for a certain Ambient Intelligence system. Then, to 
configure a new context-aware version of FamiWare and to generate code 
ready-to-install within heterogeneous devices, we define a mapping that 
automatically transforms metamodel elements defining contexts into elements 
of the FamiWare family, and we also use the FamiWare configuration process 
to customize the new context-aware variant. Finally, we evaluate the benefits of 
our process, and we analyze both that the new version of the middleware works 
as expected and that it manages the contexts in an efficient way.  

1   Overview of the Approach 
The usage of Wireless Sensor Network (WSN) technology is nowadays increasing 
because there are more and more ubiquitous applications that benefit from it. 
Currently, sensor devices are being used for dynamic systems, such as those with the 
purpose of helping humans in daily tasks in Ambient Intelligence (AmI) 
environments. Typical AmI systems are Ambient Assisted Living (AAL) applications, 
which provide user-dependent services for elderly and disabled people to enhance 
their quality of life in their own home by increasing their autonomy and self-
confidence. Emergency or unusual situations inducing changes may appear 
dynamically in AmI applications. Therefore, they have to be capable of handling 
those changing situations, context changes, detected by means of sensors. Usually, 
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this context information is very complex, because it is made up of data composition 
coming from variable sensors or other devices. Thus, although WSNs provide a very 
rich set of information, current proposals to gather and analyze this heterogeneous 
information in applications are tedious and require significant implementation efforts. 
Then, it would be ideal to be able to provide application developers with a 
programming abstraction based on echniques promoted by software engineering to 
specify and manage context information for improving the development process and 
fostering the effectiveness of WSNs in the Future Internet Society.  

Context-awareness is the ability to detect and handle context changes. Context 
information plays an important role in systems with the technology of WSNs, such as 
AmI systems. It is essential to manage context information in systems using sensors 
by reducing human effort in human-computer interaction to make decisions and adapt 
to a changing environment. However, current programming technology offers only 
very weak support for developing context-aware applications, and new research is 
urgently needed to develop innovative context-oriented programming mechanisms.  

Recent research efforts have tackled the context management in WSNs at 
middleware level instead of application level in order to provide reusable solutions for 
different applications. But AmI applications have a common core asset and a variable 
part, so it can greatly benefit from Software Product Lines (SPLs) engineering, since 
it is specifically focused on variability modelling. We propose to use FamiWare, a 
family of context-aware middleware built using SPL. Both complex contexts acquired 
by heterogeneous devices and the communication of context information among those 
devices of the AmI system are handled by FamiWare in a transparent way. 

We also propose to use models to specify the context information for WSNs by 
using the UML language, based on the ContextUML metamodel, an UML-based 
modeling language which provides a flexible design of model-driven context-aware 
services. It separates the modeling of context and context-awareness from service 
components by making easier both development and maintenance of these services. 

Then, we present a model-driven process to build context-aware applications 
based on FamiWare (Figure 1). The main contributions of our work are the following:  
• We take advantage of separating the modeling of context and context-awareness to: 

(i) specify contexts in ContextUML; and (ii) make a mapping to FamiWare. 
• We define a common architecture easy to reuse for the monitoring and the context-

awareness services of FamiWare, implemented for different devices. 
• We design a model-driven configuration process that automatically add new 

contexts to FamiWare and generate context-aware versions of middleware for apps. 
• We generate automatically the code of customized versions of context-aware 

FamiWare for the three different platforms previously mentioned. 
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Fig. 1. Overview of our approach 


