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1 Publishable executive summary 

1.1 Summary description of project objectives 

The aim of ATRACO project is to contribute to the realization of trusted ambient ecologies. 
Interactive appliances, collaborative devices, and context aware artefacts, as well as models, 
services, software components are parts of ambient ecologies. A context-aware artefact, appliance 
or device uses sensors to perceive its context of operation and applies an ontology to interpret this 
context. It also uses internal trust models and fuzzy decision making mechanisms to adapt its 
operation to changing context. Finally, it employs adaptive dialogue models to communicate its 
state and interact with people.  

1.2 Consortium 

 
Ulm University (UULM) http://www.uni-ulm.de/ 

 
University of Essex (UESSEX) http://www.essex.ac.uk/ 

 

Research Academic Computer 
Technology Institute (RACTI) 

http://www.cti.gr/ 

 

Centre National de la Recherche 
Scientifique – Computer Sciences 
Laboratory for Mechanics and 
Engineering Sciences (CNRS) 

http://www.limsi.fr/ 

 
inAccess Networks (IAN) http://www.inaccessnetworks.com/
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1.3 Project Contact Details 

Contact Prof. Dr. Dr. Wolfgang Minker 

University of Ulm 
Institute of Information Technology 
Albert-Einstein-Allee 43 
D-89081 Ulm 

Tel: +49 731 50-26254 
Fax: +49 731 50-26254 
Email: wolfgang.minker(at)uni-ulm.de 

Project Logo 

Fig. 1: Official project logo 

Project Website http://www.atraco.org/ 

1.4 Work Performed 

In this section, we describe the work performed since the beginning of the ATRACO project. 

1.4.1 WP2 – Architecture and Integration 

First Period 
The main task of WP2 during the first year was to complete the system specification and design and 
to validate concepts. For that reason a state of the art survey has been done, ATRACO service 
specifications has been modelled and the architecture and system specification has been defined. 

Second Period 
The main task of WP2 during the second year was to coordinate the development of the first 
integrated ATRACO system based on the combined technologies of agents, SOA and ontologies 
and to test the intermediate prototype based on the 2nd Year scenario. This prototype matches to a 
certain extent the multilevel adaptation and trust requirements of the ATRACO objectives and 
addresses the challenges outlined in the context of ATRACO architecture. The prototype is able to 
realize a number of user goals as Activity Spheres and was implemented and tested both in the 
environments of the iSpace at the University of Essex (in the following: iSpace) and of the 
AmInOffice in Greece (in the following: AmInOffice). The current prototype features the 
following: 
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The Planning Agent is able to take an abstract plan and to find a concrete plan using Artificial 
Intelligence planning techniques. It semi- automatically provides the concrete plan as a workflow to 
the Sphere Manager. The Sphere Manager can read, parse and execute a workflow and bind 
dynamically devices to services by querying the Ontology Manager. An Activity Sphere can be 
established by the Sphere Manager that can start and coordinate all relevant components. 
Furthermore it can handle adaptation events that affect the configuration of the activity spheres with 
respect to a new person, a new resource (service/device), the changing location of the user, and the 
unavailability of a Resource. The Sphere Manager can control devices, provided that such devices 
are registered as UPnP and the corresponding device ontology has been defined. 
The Ontology Manager can create the Sphere Ontology and answer queries posed by other 
components, by aligning resource ontologies (these include Upper Level Ontology, Device 
Ontologies, User Profile Ontologies, IA ontology, and Privacy Policy Ontology). The Fuzzy Task 
Agent can learn light preferences and can control lights and handle partial failures. The Interaction 
Agent can provide interfaces of various kinds depending on context such as user location. The 
Privacy Manager can support privacy protection to the user’s personal information as well as to the 
user’s personal space (when binding devices to services or when the “new person” adaptation event 
is produced). 
The current prototype furthermore integrates UPnP device controllers and specific ontology 
instances. In addition we have updated the general ATRACO system design in terms of the 
constituent components to reflect the functionality integrated in the component platform. 

1.4.2 WP3 – Ontology development 

First Period 
The main task of WP4 is to analyse the technical requirements and implement a set of basic 
components which complement the core research targeted components. An overall technical 
requirements analysis has been done and several basic components were derived. The 
implementation of those basic components supported the formation of the first year prototype which 
is the initial platform for the main prototype that will be developed in the next two years.  

Second Period 
During the second year, work in WP3 focused on engineering the complete set of ontologies 
required for the ATRACO research on alignment and for the system prototype as well as on the 
evaluation of alignment algorithms and the definition of the ontology management framework. 
More specifically, the set of engineered domain ontologies includes User Profile Ontology, Privacy 
Policy Ontology, Device Ontology, UPnP Device Ontology, Interaction Ontology and ATRACO 
Upper Level Ontology1. Several instances of these ontologies were also created, to represent the 
devices in the iSpace and AmInOffice (the two project testbeds), other devices that can be found in 
a smart space, various users, etc. The Ontology Manager was developed to manage the system 
ontologies. In addition, an extensive survey of ontology mismatch issues and alignment algorithms 
was done, which resulted in the selection of a few existing alignment engines and APIs. These have 
been tested with the ontology instances (which were intentionally engineered to exhibit varying 
degrees of heterogeneity) and proven inadequate to support semantic alignment, which is a 
prerequisite for semantic adaptation of Activity Spheres. Nevertheless, the Alignment API is used 
                                                 
1  All these ontologies are available at http://daisy.cti.gr/svn/ontologies/AtracoProject 
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in the first place, in order to support structural adaptation. The ontology management framework 
was designed, which includes (a) the ATRACO domain ontologies, (b) the Ontology Manager and 
(c) the Alignment API. Our proposal is to use a “trusted third party” to evaluate the semantic 
soundness of produced alignments; this can be an external knowledge repository, a human or an 
agent. 

1.4.3 WP4 – Basic platform components 

First Period 
The main task of WP4 is to analyse the technical requirements and implement a set of basic 
components which complement the core research targeted components. An overall technical 
requirements analysis has been done and several basic components were derived. The 
implementation of those basic components supported the formation of the first year prototype which 
is the initial platform for the main prototype that will be developed in the next two years.  

Second Period 
WP4 has been concluded after the first period. 

1.4.4 WP5 – Adaptation and evolution components 

First Period 
For the first project year the main task of WP5 consisted of collecting research results on adaptation 
and evolution of adaptive and trusted ambient ecologies. Exploring the suitability of existing 
evolving mechanisms for the adaptation of the ambient ecology, reporting on the research results, 
provision of specifications and driving the development of the corresponding components for the 
next project years were also lying within the focus. 

Second Period 
WP5 has been progressing according to the timeline of ATRACO where the research on adaptation 
and evolution has been working to the plan as clarified in the following paragraphs where D13 has 
been updated with the ongoing research in adaptation and evolution within ATRACO.  
We have conducted an in-depth research into short/long term adaptation of artefact behaviour. As 
part of this research, we have described the concepts of Artefact Adaptation (AA). We have 
specified the requirements of AA within ATRACO and have delivered a fully working AA 
component as described in D14. We have evaluated the AA module via a series of real world (using 
real devices) experiments conducted in the kitchen area of the iSpace.   
In parallel we have conducted an in-depth research into short/long term adaptation of user(s) 
behaviour model where we specified the requirements of User Behaviour model Adaptation (UBA) 
within ATRACO. The specified requirements have subsequently been taken forward to create a 
design for UBA within ATRACO. We have established the reasoning for the application of rule 
based systems and in particular, fuzzy logic rule based systems, stressing their ability for 
generalization (essential for learning) and uncertainty handling as well as their well accepted 
interpretability. Experiments designed to expose the individual stages of UBA in the context of a 
real world deployment of UBA in the iSpace have been conducted and presented in D15.  
Regarding Interaction Adaptation we have decided to extend the WWHT model in order to provide 
adaptive interaction capabilities. Our first work thus consisted of adapting the model so that it does 
not only output information, but so that it is able to provide real two ways communication. We 
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decided to switch to an ontology based modelling of the interaction context. A prototype of the 
interaction agent is able to do allocation and simple evolution.  
The functionalities of Activity Sphere formation, adaptation and evolution were achieved with the 
combined implementation of Sphere Manager and Ontology Manager that can support at the 
moment structural adaptation (while semantic adaptation is planned for the third year) at the sphere 
level. An experimental prototype has been developed in the AmInOffice testbed to test activity 
sphere structural adaptation. We use supervisory control mechanisms, which use the semantic 
descriptions in the sphere ontology to dynamically control the behaviour of the sphere. This 
approach supports the specification of multiple asynchronous control flows, each of which can 
potentially cause a state transition of the activity sphere under consideration. To the best of our 
knowledge, this work is the first to introduce the concept of discrete-event supervisory control in 
ubiquitous computing systems.  
Regarding Network Adaptation we have introduced UPnP in the network adaptation component as 
a suitable technology for device and service adaptation. We have proposed an UPnP device model 
and provided detailed descriptions of several device UPnP wrappers that have been included in the 
second year trial of the project. Device adaptation was also implemented along the reverse path 
through wrapping UPnP services as devices in the OSGi framework. Thus, various external UPnP 
services tracked by the OSGi UPnP base driver can be registered with the OSGi framework. 
Furthermore, we revised some details of the OSGi platform base and the development framework. 
UPnP wrappers were also developed for certain web services participating in the second year trial, 
such as clock and weather services, as dictated in the specification of the network adaptation 
component. An alternative distributed protocol design approach was also analyzed and included in 
the specification of the network adaptation component. Under this approach, R-OSGi was evaluated 
as an alternative for UPnP. Hence, the Network adaptation component has been finalised as 
reported in D18. 

1.4.5 WP6 – User interaction and privacy policy management components 

First Period 
Research on multimodal user interaction design and specification has been done in the first year. 
For that purpose a reusable Wizard of Oz platform has been developed and an evaluation with real 
users has been done. 

Second Period 
During the second year, six tasks were conducted: three of them were ending while three others 
were starting. The three tasks that were completed during this second year are T6.2 “Multimodal 
User Interaction Design, Specification and Tools”, T6.4 “Intelligent Planning” and T6.6”Privacy 
components”. Task 6.2 and 6.6 led to the design and development of the Interaction Agent and its 
software tools as well as the privacy components that were both integrated within the second year 
ATRACO prototype. Concerning Task 6.4 it was decided during this second year, in coordination 
with the other ATRACO partners, to use the concept of workflows to represent the control of the 
Ambient Intelligence environment. This required the development of an appropriate language for 
this purpose. The specification of this language, called ATRACO-BPEL, is still under development. 
For that reason, the integration of the Planning Agent (PA) into the ATRACO was done using a 
semi-automatic generation of workflows. 
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The three other tasks that started during this second year are T6.3 "Development of Simulation 
Tools", T6.5 "Adaptive Spoken Dialogue Modelling" and T6.7 "Trust Models and Trust 
Management". The first steps of T6.3 concerned the analysis of the simulation tool that we have 
already developed in the framework of the WWHT model in order to identify the new 
functionalities we must introduce in the new simulation tool and the old functionalities we should 
modify to stay pertinent in regard to the ATRACO approach. Concerning T6.5, the work done in 
this task lead us to the design and implementation of our own ontology-based adaptive spoken 
dialogue manager. Furthermore three kinds of spoken dialogue adaptation have been identified: 
Device Adaptation, Event Adaptation, and Task Adaptation. A significant result is the design of the 
Spoken Dialog Ontology2. Finally, the work conducted within T6.7 aims at establishing a reliable 
and adaptable trust model. Different levels of trust have been identified. At each level specific 
approaches need to be applied. For instance, the ground trust level may use a certificate based 
approach with a public key infrastructure. To develop a higher trust level more sophisticated 
approaches based on observation of social interactions and user decisions need to be applied. 

1.4.6 WP7 – Evaluation and Testing 

First Period 
Definition of several visionary scenarios and their mapping to the five dimensions of adaptation has 
been done. A basic scenario that guides the development of the first year prototype combined with 
detailed task descriptions form the second part of WP7 during the first year. 

Second Period 
The second year objectives for Task 7.2, have been partially completed. The D27 deliverable details 
the outcomes of a concept validation study in accordance with Annex I – Description of Work 
(2007: 24), based on the on the second year ATRACO prototype and a scenario illustrating a future 
vision of ATRACO. The document will be updated with results for the evaluation of the prototype 
by the mid 2010, representing the completion of task 7.2.  The study took stock of current 
development efforts and highlighted areas in which the social relevance of the work can be 
enhanced in terms of the direction of future development and in the way the work is discussed and 
presented.   
Outcomes suggest that participants were generally positive about the notion of living with 
ATRACO and were particularly enthusiastic about the adaptation of the music player interface so 
that it always appeared on the device closest to them as they moved around the space.  However, 
they were concerned about maintaining control over their environment, the changeable nature of 
human moods in relation to an electronic presence, the erosion of every day life skills and domestic 
cultural norms and rituals, and the risk of data loss and unauthorized access to the system.  
Participants suggested a key motivation for acquiring ATRACO would be energy saving and carbon 
reduction. The report recommends that in relation to the final year prototype, the ATRACO 
partners:  

 Consider how to balance perceptions of user control with symbiotic delivery of services. 
 Consider how to provide support for the changeable nature of human moods  

                                                 
2 Available at http://it.e-technik.uni-ulm.de/~heinroth/OwlSpeak_Dinner4Friends/OwlSpeak_Dinner4Friends.owl 
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 Consider how to balance the minimization of human effort with the development of life 
skills and positive support for existing socio-cultural rituals.  

 Consider how to minimize the risk of data loss and unauthorized access. 
 Consider focusing development on energy saving and cost reduction 

 

1.4.7 WP8 – Dissemination, Collaboration and Exploitation 

First Period 
This WP incorporates the development and execution of the project dissemination plan and the 
production of the project’s promotion material. During the first year, the objective was to 
successfully position the ATRACO project in the European & International RTD arena. 

Second Period 
During the second year, the project team intensified efforts to increase the project impact to the 
scientific community. Numerous project publications were produced in 2009, demonstrating a 
significant increase of 450% over 2008. It is worth mentioning that by PM24 the project has 
published 45 scientific papers. The dissemination, collaboration and exploitation plan was revised 
with new action items. Besides the long list of project publications, further dissemination activities 
included press releases, participation in international events and committees, organization of 
international events, as well as participation in Panorama cluster initiatives. Collaboration within 
the project was significantly improved with the  introduction of new tools (e.g. orderly meetings, 
focus groups, strict review procedures etc.) contributing to a sound project technical progress 
leading to a working second year prototype hosted in the iSpace in Essex demonstrating a “feeling 
comfortable with guests” scenario for concept validation and prototype evaluation. Furthermore, a 
project video was produced with the evaluation sessions that took place in the iSpace that will be 
enhanced with slides and animations in order to produce a project video. 

1.5 Main Results of the Project 

First Period 
Five dimensions of adaptation have been identified to be necessary to form an ATRACO system: 
Artefact Adaptation (AA), User Behaviour Model Adaptation (UBA), User Interaction Adaptation 
(UIA), Sphere Adaptation (SA) and Network Adaptation (NA). The research done so far to comply 
with those dimensions is described in detail in D13 “Research Results on adaptation & evolution”. 
Another main result of the first year was the development of the basic concept and the fundamental 
system design of a working 1st Year Prototype, which uses the iSpace at the University of Essex as 
deployment platform. The identification and collection of both technical and user requirements was 
essential to guide the development process. The definition and engineering of ontologies and the 
first network adaptation component together with user interaction adaptation studies perfect the 
outcome of ATRACO. 

Second Period 
The five  dimensions of adaptation mentioned above have been implemented to form an ATRACO 
system. Several components have been developed to realize all the dimensions: Artefact Adaptation 



Project ATRACO    

16   Report 

Component for AA, User Behaviour model Adaption Component for UBA, Interaction Agent for 
UIA, Sphere Manager, Ontology Manager, and Planning Agent for SA, and a final version of the 
Network Adaptation Component for NA. An update of the research done so far is described in 
detail within the public deliverable D13 “Research Results on adaptation & evolution”. 
Another main result of the second year was the development of the Privacy Components and the 
final versions of ATRACO Upper Level Ontology, Generic Device and Service Ontology, UPnP 
Device Ontology, User Profile Ontology, and the Privacy Policy Ontology. The development and 
the integration of the second year prototype in the iSpace and the AmInOffice are major milestones 
that have been fulfilled. Results of the social evaluation provided insights into the way users 
perceive pervasive systems such as ATRACO and into the broader concepts of ATRACO. 

1.6 Expected Results & Impact 

The potential impact of the ATRACO project is very considerable in the following key areas: 

 ATRACO will provide an integrated approach to resolve the adaptation requirements of 
intelligent environments in terms of artefact operation, user behaviour, sphere composition, 
network selection and man-machine interaction with respect to user context and behaviour 

 ATRACO will implement privacy management components which enable consistent 
privacy assurance in intelligent environments by introducing “content-sensitive” and 
“process-sensitive” privacy policies, which can be used to integrate different platform 
components in a trustable manner. 

 ATRACO will integrate a combined adaptation strategy, with a sophisticated user 
interaction and privacy enforcement policy and measures the technology capability as well 
as the user acceptance through a number of prototypes that will be tested and evaluated in 
iSpace testbed. 

This project will form a very important step towards the realisation of full ambient intelligent 
pervasive environments which are occupied by multiple users. The project will address many of the 
social, theoretical and practical research issues that will enable the creation of adaptable 
environments that can evolve in a life long learning mode to satisfy the user objectives. A wide 
range of application domains may benefit from research in this project including Health, Managed 
Public Environments, and Practice Skills Training. 


