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Abstract. The palpable computing paradigm aims to support user control by 
composing and decomposing assemblies of devices and services, which communicate 
and exchange data. As a product of a research project, conducted by University of 
Siegen and Fraunhofer Institute of Applied Information System, we have developed a 
Context-Aware Adaptable System (CAAS) architecture. This architecture has both 
adaptive and adaptable nature. In this research paper, we would like to describe the 
addition of RFID technology in a prototype based on the CAAS architecture. Through 
the RFID technology users of the prototype will be able to define contexts of use by 
using small RFID tags. 
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1.   Introduction 

Context-awareness is the most important feature of ubiquitous and pervasive 
computing [1] [2]. It simplifies the interfaces we present to our mobile users, adapting 
them to the current situations [3]. Context-awareness is also the key characteristics of 
new smart information services. It includes all kinds of situational properties like 
spatial and temporal contexts, task context, collocation context, historical context etc. 
These systems also exploit their surrounding context to increase the suitability of a 
service or an application to the user’s needs. Context-aware systems support users in 
dealing with complex systems of technologies and devices. This is possible because 
they aim to understand the user’s current task, location and time contexts and provide 
situation adequate support. 
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Studying context-aware systems in a real life setting demonstrates that the contexts 
sensed by these systems are often ambiguous. Although some of these ambiguities 
may be resolved using automated problem-solving techniques, many cases still 
require the user’s involvement for the correct handling of the ambiguous context [4]. 
This leads to system approaches that have to have accurate and reliable adaptive 
services as well as adaptable concepts in order to allow users to intervene in a simple 
and transparent way whenever necessary. 

For the many decisive aspects of ambiguous contexts it is the end user as a domain 
expert that has been identified as the key role to adapt context-aware behaviors. End 
users are also the key people to adapt necessary data sources and constraints. Thus, 
the end users and the domain experts should be able to define the appropriate 
adaptable behavior for their application.  

Therefore new design challenges in context-aware systems are to interpret the 
context correctly not only to inform adaptive services, but also to empower the end 
users to understand and configure the behavior of the system [5]. 

The research field of End User Development (EUD) has empowered the end users 
to adapt their own computer systems [6] [7] [8]. Some of the concepts already have 
been transferred to the construction of context-aware systems, for example, 
Programming By Demonstration (PBD) [9] [10]. 

This research paper is part of a EUD research project started in 2004 to support 
ubiquitous services in the health/fitness area. In this project, we started with an 
ethnographical study of fitness and sports activities. This study leads to several 
application scenarios that should be addressed by a context-aware system [11].  

This research paper focuses on the technical aspects of a context-aware system that 
uses RFID technology. Such a context-aware system supports ubiquitous 
health/fitness services. We will describe how to incorporate RFID technology in a 
general Context-Aware Adaptable System (CAAS) architecture. By enabling the user 
to utilize RFID tags to mark contexts during usage, we try to adapt the idea of 
palpable computing in the architecture of our Context-Aware Adaptable System 
(CAAS). 

The research paper is organized in the following order: in the second section some 
current trends in palpable computing will be discussed. In the third section we will 
provide a detailed description of the architecture of our Context-Aware Adaptable 
System (CAAS), which is a component framework based on the OSGi component-
model. In the fourth section we will propose the integration of RFID technology in 
the CAAS architecture. 

   

2.   Current Trend in Palpable Computing 

Palpable systems shall support control and choice by people by supporting users in 
understanding what is going on at the level they choose [12]. Palpable computing 
grounds on the notion of ambient computing, which is focused on the design of 
distributed, pervasive and reactive systems that are able to communicate with the 
users and to continuously adapt to their expectations [13] [14]. The palpable 



computing paradigm addresses the way in which humans meaningfully interact with 
distributed computational systems at supporting users control by composing and 
decomposing assemblies of devices and services which communicate and exchange 
data [15]. 

Ambient computing is currently a field of strong development. It is about moving 
computer capabilities beyond the desktop and about constantly adapting configuration 
of technology to changing situations and needs. Key issues in ambient computing 
include [15]: invisibility, construction, heterogeneity, change, and scalability. 

3. Architecture of Context-Aware Adaptable System (CAAS) 
Framework 

In the following section we would like to describe the actual software architecture 
for CAAS that we have developed in the EUD project. The OSGi standard has been 
used as the basis for setting up the context-aware adaptation. The proposed software 
architecture for CAAS shows the three core concepts, i. e., context-awareness, End 
User Development (EUD) and OSGi Service Management.  

3.1 Context Manager 

The Context Manager provides the application with a rich context model and 
associated quality information. It is responsible for acquiring context information 
from various sources and through a variety of communication protocols. Such context 
sources only provide a subset of the variety of contextual information that is relevant 
to a specific application. A significant increase in the expressiveness, complexity, and 
quality of the represented context can be achieved by transforming the acquired 
context data in several ways. Common context transformation techniques are fusion, 
derivation, aggregation and interpretation. Mainly these techniques differ in the 
knowledge that is required for their application. Fusion refers to the consolidation of 
multiple pieces of information of the same type, in order to increase the quality. 
Information pieces of different types may be subject to aggregation, if one piece 
cannot provide the required information by itself. A semantic model forms the basis 
for an information interpretation process, in order to gain high-level information. 
Another mechanism for context augmentation is the derivation of context. Deriving 
context means that the acquired context data serves as a basis for inferences that may 
vary in complexity. The context manager merges the various aspects of the acquired 
information into a coherent whole, which is based on any information that can be 
used to characterize the situation of a person or a computing entity and to identify the 
need for adaptation. 

In addition, the Context Manager supports the determination, representation and 
supply of quality metrics characterizing information. The model of quality in sensed 
and interpreted data allows for a decision on the need for end-user involvement in the 
decision process with regard to the user preferences. Service developers are provided 
with a way to identify a loss of quality when it is present and to specify a relationship 



between data and the selection of the appropriate mediation technique. 
Correspondingly, the quality metrics offer support for selecting among potential 
mediation techniques and automatically instantiating them when low-quality data 
arrives in an application.  

A fully functional context manager for our CAAS framework is not implemented 
yet. At the time being, the framework needs a source for the actual context to identify 
context changes to trigger contextual behavior. To substitute the context manager a 
small web application was developed which generates output like the real context 
manager. This dummy context manager is not able to interpret sensor-data. It simply 
depends on the input from a person who uses this application.  

3.2 Composition Adaptation Manager 

The Composition Adaptation Manager realizes the component-based approach of 
the CAAS. It implements the runtime environment for dynamic software components 
and the dynamic management of the composition along the lifecycle of the OSGi 
component-model. This coarse grained part of the architecture is comparable with the 
principles of Programming in the large [16]. Some examples of those components are 
already implemented for testing purposes and can be downloaded and installed 
dynamically into an existing application. Because of the dynamic character and the 
self-descriptiveness of these available components, in the context of the research 
project, they are called service-components. 

3.3 Component Adaptation Manager 

Referring to the concept of Programming in the small [16] the Component 
Adaptation Management realizes the more fine grained approach of adaptation. This 
part in the architecture manages the inner adaptation of a service-component itself. 
These adaptations are also coupled to the current context by using the triggering 
mechanism. This part of the architecture is not implemented yet. 

3.4 Mediated Adaptation Manager 

Mediated adaptation describes an adaptation technique which separates the 
adaptation process from the operating software artifacts. The start of a mediated 
adaptation can be triggered by either the system or the end user. Therefore the 
Mediated Adaptation Manager realizes the shared initiative between system and user 
driven adaptation processes. The completion of a mediated adaptation results in an 
accomplished and retained adaptation of the system. A mediated adaptation may be 
accomplished automatically, or may be driven by the end user, or may be a sequence 
of both can occur in combination. Every adaptation service component lists its 
required mediator in its own descriptor. For more specific mediators, it is also 
possible for service components to contribute component specific mediators in the 
mediated adaptation manager. 



4. Next Steps: RFID Based Real Life Tagging 

Currently the Context-Manager is implemented as an interface and the core 
functionality is substituted by a third person, who observes the user of the system and 
triggers changes in the user’s context. This solution was chosen to test the 
implemented system in the early state. In the next step of the project we will replace 
this through the integration of RFID reader units into the mobile device and connect 
them with the software interface of the Context Manager. The idea is to utilize the 
readers to detect RFID tags in the surrounding environment. Therefore those tags can 
be used to mark certain places which will be identified as contexts of use by the user 
himself.  

 In mobile settings RFID seems to be a good option to detect certain contexts in 
mobile applications to enable context-awareness. This is because RFID tags are 
cheap, small and easy to handle. In addition they provide a definite possibility to 
identify contexts of use by the end user. After the integration of the RFID reader into 
the implementation of the CAAS (as an implementation of the Context Manager), this 
idea will be evaluated in real life settings within a fitness studio scenario with service-
components related to the fitness domain. Nevertheless the framework defined 
through the described architecture is open for other scenarios and applications. The 
target is the creation of a multi purpose framework to realize context-awareness and 
adaptability for mobile applications where the definition of usage contexts is 
apprehensible, transparent, easy to use and finally palpable. 
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