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Abstract 

I 

Abstract 
 

We are now living in a world where we are continuously interacting with various service 

systems in our daily lives, ranging from ordering a pizza online to filing a tax form. 

Businesses, hospitals, education systems, cities and even a nation could be considered as 

instances of service system. Service innovation is earnestly required to improve the 

current service systems by combining innovations in technology, business models, social 

organizations and users' demand. 

 

This thesis discusses service innovation in the domain of Ambient Assisted Living. The 

population of elderly people is increasing rapidly in the last decades, which becomes a 

predominant aspect of our societies. As such, both efficacious and cost-effective 

solutions need to be sought to provide services required by an ever increasing number of 

users. The European Union launched the Ambient Assisted Living Joint Programme in 

2008, which aims to find out an efficient solution to help elderly people living 

independently. Many research projects are supported by the AAL programme; meanwhile, 

many similar projects are also carried out in the rest of the world. 

 

Living assistance systems and assistive devices are thus developed to facilitate the daily 

lives of the elderly people. These technologies show promise in helping elderly people to 

live independently and in comfort. However, most of the research on AAL is focused on 

assisting the elderly people with technologies, such as assistive devices. In order to utilize 

all the resources and build up efficient and cost effective systems to help the elderly 

people independently living, it is important to take a deeper perspective of such systems 

with the view of service system.  

 

This thesis proposes to build up a mutual assistance community where services from 

informal care-givers (e.g. families, friends, etc.) are also included in addition to those 

from assistive devices. Besides passively receiving services as service requesters, the 

mutual assistance community also provides user with the possibility to join group 

activities as peer participants. Such group activities may contribute to greatly save the 

social resources, at the same time also helping the elderly people live in an active way.  

 

A simplified mutual assistance community simulation model was built up for simulating 

community behaviours of such a system. An adaptive framework was built by combining 

Service Oriented Architecture (SOA) and Aspect Oriented Programming (AOP). This 

framework could be used to monitor environment changes and orchestrate service 
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adaptations in the mutual assistance community. Semantic service matching is 

investigated, and applying semantic service matching in the mutual assistance community 

is also carried out in this thesis. The scope of this thesis is to prove the feasibility of the 

mutual assisted community concept by means of a few contributions and simulations. 

Constructing and validating such a community is a huge task, which is not implemented 

in this thesis due to resource limitation. 
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Chapter 1. Introduction 

 
Mobile digital devices such as mobile phones, PDAs, wireless sensors, etc. are now 

available with very low prices, and are widely used. Smart phones, which provide 

powerful computational ability, have also gained wide-spread popularity. These devices 

will increasingly be networked together to share information and provide better users‟ 

experience. In order to better share and process information between different digital 

devices, the concept of pervasive computing [Satyanarayanan, 2001] was proposed to 

build up environments where many computational devices or systems are simultaneously 

engaged in, communicating with each other in an unobtrusive way. The purpose is to 

provide the user with comfortable environments without the feeling of intrusion, thus 

improving the quality of our working and daily lives. 

 

Progresses that we human beings have achieved in the past century are not limited 

computer technology, but also e.g. the medical sector. The advances in medical sectors 

help people live a longer life: the proportion of the elderly people keeps increasing in the 

past decades and life expectation is also rising continuously [EUROSTAT, 2004]. 

Prolong our lives is a great achievement, however, the increasing number of the elderly 

people also calls for huge amounts of resources and services to help them live in a decent 

way despite the increasing inconvenience that come with aging. Such requirements pose 

great challenges to our society‟s welfare system. Hence, solutions both efficacious and 

cost-effective need to be sought to provide the elderly people with the services they need. 

 

Ambient intelligence, which proposes to connect smart devices together to build up a 

safety environment around the assisted people with the concept of pervasive computing, 

is considered as a promising approach to meet the challenge of the increasing number of 

the elderly people. Much research is being carried out with this approach, which is 

bringing encouraging results in assisting elderly people living safely and independently. 

 

This thesis discusses the challenges of providing efficient and effective assistive services 

to the elderly people. This thesis also emphasizes the importance to integrate computer 
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services with the services from human side so as to build a community with all the 

available resources, and share these resources in an effective way.  

 

The concept and design of a hybrid Service-oriented Community, where devices and 

human beings with different capabilities, background, and information could be optimally 

orchestrated to devise intelligent responses to different situations, are introduced in this 

thesis. Such a community could be configured to fit for different purposes of applications, 

however, in this thesis, I focus on its application on building an assistance community for 

helping the elderly people. 

 

1.1 Rationale  

 

1.1.1 The need for information management 

 

Digital devices are widely applied nowadays, which brings to new ways of expressing 

various contents in digital forms. Together with the increased usage of mobile devices, 

such digital information could be shared between connected users. Such sharing and 

exchanging of knowledge could assist people‟s work and daily lives; however, the 

massive use of these digital products brings an explosion of information/digital contents, 

which makes it hard for people to retrieve the right information they would want or need, 

when they do need it. Very often such information is lost or scattered among devices and 

human beings that neither know how to share it nor how to put it to use. This prevents to 

timely orchestrate intelligent response to societal needs. Lacking this intelligence, the 

costs that societies sustain to guarantee their services are becoming unsustainably large – 

especially since the growth in age and number of our populations. 

 

Service orientation architecture (SOA) permits to represent, publish, and look up 

different applications in heterogeneous service oriented structure. It builds up hybrid 

architectures of people and devices, each with their own capabilities and requirements; 

this can be used not only to intelligently manage the huge available information but also 

to provide people with easy access to manipulate these digital contents.  

 

In order to better utilize advanced digital devices and fully express their potential in our 

work and daily lives, it is important to dynamically configure resources from people, 

digital devices, and organizations, to share information and deliver value to the involved 
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people. Such dynamic configuration and organization of resources are the origin of the 

concept of Service System, proposed by IBM [IBM, 2008]. 

 

Inside a service system, innovative methods are required to best organize the resources. 

With the wide application of mobile devices, the resources inside a service system are 

often floating from here to there with high dynamicity. Adaptive policies are earnestly 

desired to cope with this dynamicity, which is to monitor the changing context, and take 

corresponding reactions.  

 

In general, we require adaptive service systems which could flexibly orchestrate the 

resources around us, coping with the frequently changing environment, and provide the 

needed services in time. This thesis covers the topic of how to build up adaptive service 

systems, especially in the ambient assisted living domain.  

 

1.1.2 Main thesis 

 

The population of elderly people is increasing continuously. Thus there is an increasing 

demand for help from our society to maintain the independent living of their elderly ones. 

Much research was carried out on building intelligent environments around people, which 

aimed at providing assistive services in pervasive environments, constructing better 

environments and designing the means to support independent living. However, many 

fundamental issues in assisting the elderly people living independently remain open.  

 

This thesis tries to address some fundamental problems of Ambient Assisted Living: 

contrarily to other approaches, which merely address the safety of the elderly ones, our 

focus also covers quality-of-life aspects (e.g. eInclusion, personalized services…). 

Moreover, it includes individual well-being as well as societal concerns. In real-life 

scenarios, the requests for and the availabilities of services are changing dynamically and 

abruptly together with changes of constraints and context environments. In order to 

match this very complex matter, we believe that (1) the flexibility of Service Oriented 

Architecture to carry out dynamic service orchestration and (2) the versatility of human 

tasks in providing personalized and economized services should be coupled into an 

adaptive hybrid socio-technical organization. We provide an example of such 

organization, which we call the Mutual Assistance Community, and we prove by 

simulation that such a system may indeed be able to match the above stated requirements.  

 

The deployment of assistive devices in the past decades has greatly helped the elderly 

people to maintain independent living by monitoring their health status, providing 
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assistive services, and in general building a safe environment around them. However, the 

ambient assisted living systems of the 21
st
 century must not only take care of the physical 

health of the elderly people, but also be aware of their psychological well-being. The 

usage of assistive devices helps to transfer the dependence from the human side to the 

machinery side, thus establishing some degree of independence. However, the 

dependence on the assistive devices unconsciously reduces the social connections of the 

assisted people. The human services could fill this gap and provide a means to strengthen 

the social connections between the assisted people thus helping to keep them 

psychologically healthy. 

 

Hybrid approaches integrating the human services and device applications could provide 

services to the elderly people in an optimized way by choosing the most appropriate 

service providers – human or otherwise. Our social resources could also be greatly saved 

with such an approach. Currently, medical services are mainly carried out by professional 

medical caregivers. These medical resources are under great pressure with the ever-

increasing population of the elderly people. Integrating human services with assistive 

devices could provide an economized solution: parts of the medical services could be 

accomplished by informal caregivers with assistive medical devices, thus the professional 

medical resources would be greatly saved. 

 

Building a hybrid system integrating the human services and device applications is a 

complex task considering the dynamic nature of human services and the continuously 

changing environment of the device application. We believe the flexibility of Service 

Oriented Architecture could help us to implement such integration to cope with the above 

mentioned dynamic changes. By combing the Service Oriented Architecture and Aspect 

Oriented Programming, we are able to adjust the services according to the context 

environment to deliver better performance; connecting the web service technology with 

semantic service representation and matching, we are able to find appropriate services for 

service requester from the web. 

 

This thesis presents the prototype of a mutual assistance community to integrate the 

human service and assistive devices. The prototype aims to construct a more effective 

ambient assisted living system for the elderly people. The system has not been 

implemented in real life yet due to its complexity and other constraints (a full-fledged 

implementation of such a community is a complex project which involves multi-

disciplinary research and participation of different parties). Nevertheless, it represents my 

efforts of advocating a new concept in ambient assisted living. This thesis is an attempt in 

using innovative service models and new technologies to provide cost effective solutions 

in ambient assisted living. The scope of this thesis is to prove the concept of mutual 



Chapter 1. Introduction 

5 
 

assisted community by means of a few contributions and simulations. Constructing and 

validating such a community is a huge task beyond this thesis. 

1.2 Contributions of this Thesis 

 

The contribution of this thesis is to introduce an effective architecture to provide prompt 

services to the ever increasing population of elderly people. My research during my PhD 

study contributed on two directions: 1) Building adaptive service systems to flexibly 

orchestrate resources and take quick responses to the changing context. 2) Bringing 

service innovation into Ambient Assisted Living, where a so called mutual assistance 

community is proposed to seamlessly integrate services from human side and 

applications from assistive devices, to provide timely help to the elderly people. 

 

This thesis presents the prototype of a mutual assistance community to integrate the 

human service and assistive devices to construct a more effective ambient assisted living 

system for the elderly people. The system is not yet implemented in real life due to its 

complexity and other constraints (a full fledged implementation of such a community is a 

complex project which involves multi-disciplinary research and participation of different 

parties). Nevertheless, it represents my efforts of advocating a new concept in ambient 

assisted living. Currently, our society is spending too much in providing care to the 

elderly people. As their population is increasing, governments are not able to continue 

providing services in conventional ways, and are required to adapt to cost effective 

solutions with new service modes. This thesis is an attempt in using innovative service 

mode and new technologies to provide cost effective solutions in ambient assisted living. 

The scope of this thesis is to prove the concept of mutual assisted community by means 

of a few contributions and simulations. Constructing and validating such a community is 

a huge task beyond this thesis. 

 

The results achieved in the above mentioned directions are as follows: 

 

A simplified mutual assistance community model was built up which could be used for 

the simulation of community behaviours of a mutual assistance community [Sun, 2006]. 

Based on such a model, I have proposed a concept named as “Participant”, to optimally 

help the elderly people join group activities as peer participants and reduce their 

dependence on social resources [Sun, 2007a]. In the view of software architecture, how to 

build up a mutual assistance community, the representation and processing of services are 

analyzed in [Gui and Sun, 2007].  
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In implementing the mutual assistance community, human service expression and 

matching in such a community is studied and implemented with the OWL-S Matcher 

[Tang, 2006] [Sun, 2007c]. Tentative ideas of building up the proposed mutual assistance 

community with serious games in the form of virtual reality are envisaged in [Sun, 

2008a], where inter-reality communication were imagined. 

 

In building adaptive system, an adaptation framework is implemented in this thesis [Sun, 

2007b] [Sun, 2009b]. Such a framework flexibly combines the process of monitoring the 

changes and taking corresponding reactions in service oriented approach. By using 

Aspect Oriented Programming (AOP) into SOA [Lippert, 2008], the adaptation 

framework implemented in this thesis can observe changes in monitored functions and 

take corresponding reactions by changing settings of certain services according to 

predefined rules. The adaptive framework could be applied in monitoring environment 

changes and orchestrate service adaptations in the mutual assistance community. 

 

Another contribution of this thesis is to raise the social awareness of the important role 

that human participation displayed in providing quality services in Ambient Assisted 

Living (AAL) systems [Sun, 2010a]. Social impact of such a mutual assistance 

community is illustrated in this thesis: it could help the elderly people to keep social 

connections and live in active ways [Sun, 2008b], which not only reduces their 

dependence on the social security system, but at the same time improves their 

psychological health.  

 

Finally, it is worth to remark how disseminating the concept of mutual assistance, 

signifying the importance of human participation in AAL system, raising the social 

awareness that the mutual assistance activities could not only save social resources, but 

also help the elderly people live in active ways are also the contribution of my work. I 

have presented the importance of human participation and the concept of mutual 

assistance community in my publications and public events in the past few years. More 

and more researchers are now aware of the importance of the social interaction in 

assisting the elderly people. Once completely overlooked, exploiting the possibilities to 

promote intergenerational activities and make use of the knowledge/experience of the 

elderly people is becoming now an invaluable asset, as explicitly stated in the second call 

for proposals of the AAL Joint Programme [AAL, 2009]. 

 

1.3 Thesis Outline 
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The remainder of this thesis is structured as follows. In Chapter 2, I provide more details 

on the revolution of service science, the requirement for dynamic service adaptation and 

context awareness, and how ambient intelligence is considered as an approach to meet 

such needs. I also introduce the societal problem of assisting the aging population, and 

the efforts from the society level.  

 

In Chapter 3, I introduce some of the related projects that focus on helping the elderly 

people living independently, and signify the importance to bring human participation into 

AAL systems. The mutual assistance community is introduced in this chapter. Its 

structure and organization is presented in a general way and some basic simulations of 

the community behaviours are presented. 

 

In Chapter 4, I introduce the service adaptation for mobile devices. A generic context 

aware global adaptation framework is presented in this chapter. By coupling OSGi and 

AOP, the framework can flexibly manage the monitoring and adaptations across 

networked devices.  

 

In Chapter 5, I introduce the service orchestration in the proposed mutual assistance 

community. Web service representation and service matching techniques are introduced, 

experiments are carried out. A scenario is also given to show how to organize group 

activities in such a mutual assistance community. 

 

Conclusions are given in Chapter 6, in which also my visions on the future of such a 

system are presented. 

 

 

1.4 Publications and Awards 

 

Publications 

 

Book Chapter 
 
Building Mutual Assistance Living Community for Elderly People  
H. Sun, V. De Florio, N. Gui & C. Blondia. in Jeffrey Soar, Ed., Intelligent Technologies 
for the Aged: The Grey Digital Divide, 2010(b). p207-219 
 
This book chapter summarizes my efforts on building mutual assistance community for 
elderly people, the content of this paper are contained in Chapter 3 and Chapter 5. 
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Journal 
 
A Generic Adaptation Framework for Mobile Communication 
H. Sun, V. De Florio, N. Gui & C. Blondia. In International journal of adaptive, resilient 
and autonomic systems, volume 2, issue 1, 2011 , p. 46-57 
 
This paper introduces a generic adaptation framework together with its application in 
mobile communication. The content of this paper is presented in this thesis in Chapter 4. 
 
Toward architecture-based context-aware deployment and adaptation 
N. Gui, V. De Florio, H. Sun & C. Blondia. In Journal of Systems and Software, 
Elsevier, Volume 84 Issue 2, 2011. P.185-197 
 
An Architecture-Based Adaptation Framework for Soft Real-Time Applications  
N. Gui, H. Sun, V. De Florio & C. Blondia. In International journal of adaptive, resilient 
and autonomic systems, 1:4(2010), p. 12-25 
 
The Missing Ones- Key Ingredients Towards Truly Effective Ambient Assisted Living 
Systems  
H. Sun, V. De Florio, N. Gui & C. Blondia. in the Journal of Ambient Intelligence and 
Smart Environments, volume2, number 2, 2010(a). p.109-120. 
 
This paper emphasized the importance of human participation in constructing effective 
Ambient Assisted Living. The content of this paper is presented in this thesis in Chapter 3 
and Chapter 5. 
 
Towards Longer, Better, and More Active Lives - Mutual Assisted Living Community 
for Elder People  
H. Sun, V. De Florio, N. Gui & C. Blondia. in Journal of the Institute of 
Telecommunications Professionals, 2:4(2008), p. 29-33.  (Published in the 47

th
 FITCE 

Congress firstly) 
 
This paper draws a vision of using mutual assistance to help the elderly people have 
longer, better, and more active lives. The content of this paper is presented in this thesis 
in Chapter 3. 
 

Conference Proceedings 
 
ACCADA: A Framework for Continuous Context-Aware Deployment and Adaptation, 
N. Gui, H. Sun, V. De Florio, & C. Blondia. in the Proceedings of the 11th International 
Symposium on Stabilization, Safety, and Security of Distributed Systems (SSS 2009), 
Lecture Notes in Computer Science, Springer, 2009.  
 
Adaptation Strategies for Performance Failure Avoidance  
H. Sun, V. De Florio, N. Gui & C. Blondia. in the Proceedings of the 3rd IEEE 
International Conference on Secure Software Integration and Reliability Improvement 
(SSIRI 2009), IEEE Computer Society, 2009(b).   
 
This paper introduces an user case of using the generic adaptation framework to avoid 
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Chapter 2. Background 
 

 
In this chapter, I extend the rationales introduced in the previous section. I firstly 

introduce the emerging of service science and service systems; then I introduce some of 

their application domains, especially in meeting the social challenges brought by the 

demographical changes.  

 

2.1 The Emerging of Service Science  

 

The computational power keeps increasing for decades; following this trend, the 

complexity of software system is also constantly expanding, which brings difficulties in 

maintaining software system. To tackle this problem, the common approach is to 

decompose the complexity by partitioning it into different system layers, hide and 

process information in each layer. However, with the wide application of mobile 

computation, software system nowadays is quite a dynamic system which is highly 

dependent on the environment. Thus new software architecture is required to allow 

sharing the hidden intelligence and open for adaptation. 

 

At the same time, due to globalization, business growth, technology developments and 

demographic changes; the scale, complexity and interdependence of today‟s organization 

bodies have be driven to an unprecedented level. Still, like the software systems, those 

organizations also used to break the complexity by dividing the organizations into sub-

systems. Innovation approaches are required to share the hidden knowledge among the 

different subsystems and coordinate the collaborations between different departments. 

 

Service science is an emerging discipline to cope with the above mentioned challenges to 

manage the knowledge, communication and resources inside a system. It is an 

interdisciplinary research domain that seeks to bring together knowledge from various 

areas to improve the operations, performance, and innovation either inside a software 
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system, or for an organization [Paulson, 2006]. Service science has its stakeholders from 

various domains, ranging from individuals depend on complex service systems to manage 

those applications; companies that want to improve their revenues by re-shaping their 

business processes; and non-profit organizations or different level governments that wish 

to deliver better services by more efficiently organizing their resources, etc.  

 

The work presented in this thesis focused on the application of service science in the 

domain of mobile computation and assisting the independent living of elderly people. As 

the dynamic nature of service oriented computing, which is easy to migrate between 

different systems, the architecture that developed in the mobile application scenario could 

also be applied in the later application to help manage the assistive devices. 

 

Due to the fast growth in computational power and increased connectivity, mobile 

services are now widely available around us, but how to effectively utilize these services 

is still a big challenge. The great variability of resources and conditions that mobile 

applications have to live with calls for service science methods which are able to express 

such availability, optimally organize such resources and select the most appropriate 

services/resources for users. Service science in this specific field focuses on connecting 

the mobile services, discovering and orchestrating available applications/resources, and 

creating interactions between mobile computers and human beings, thus turning the 

mobile devices into a connected service system, and share the information and resources 

inside such a system in an efficient way.  

 

The application of managing mobile computation is one example of applying service 

management in the digital regime, yet there are many applications on other fields. One of 

such application is restructuring the pervasive healthcare system in the social domain. 

The current healthcare system is actively providing the requested care services to the 

people in need; however, it is costly and consumes tremendous resources. With the 

growing number of elderly people, our healthcare system is under great pressure and is 

calling for an efficient solution to reorganize and save the social resources. Service 

science could help to reengineer the healthcare services from the service oriented 

perspective, which is to represent and orchestrate the resources as assets of a service 

system in a cost effective way. It could help to create innovative ways to deliver cost 

effective healthcare services, thus greatly save our social resources while still providing 

high quality services to people in need. 

 

In the followings of this section, I will first introduce service system engineering and 

service oriented computing, which is about organizing resources with the concept of 

services. Then I will move to introduce context aware services and ambient intelligence, 
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which are technologies dealing with discovery and utilization of services/resources in our 

surrounding environment. 

 

2.1.1 Service System Engineering and Service Oriented Computation 

 

2.1.1.1 Service System Engineering 

 

Service system is the essence of service science. In [Maglio, 2008], Maglio and Spohrer 

signified the service system as the essence of service science by stating: “Service is the 

study of service systems”. Service system engineering is about optimally organizing 

resources: “dynamic configurations of people, technologies, organizations and shared 

information that create and deliver value to customers, providers and other stakeholders” 

[IfM and IBM, 2008]. We are now living in a world where we are continuously 

interacting with various service systems in our daily lives, ranging from ordering a pizza 

online, to filing a tax form. Businesses, hospitals, education systems, cities and even a 

nation could be considered as instances of service system. Developing smart service 

system could help to optimize and efficiently save the resources inside the system 

meanwhile also improving service users‟ quality of experience. 

 

The study of service systems aims to create a body of knowledge that describes, explains, 

predicts, and improves the value co-creation between interacting entities. Such methods 

and standards could help to break down the complexity of a service system and provide 

us with a clear understanding of the organization of service system, hence they drive for 

service innovation. Service innovation aims at improving the current service system; it 

combines innovations in technology, business model, social organizational and demand. 

Service innovation aims to have a novel combination of existing service elements to build 

up a new system to meet certain goals (e.g. save cost, speed up reactions, improve users‟ 

quality of experiences).  

 

The study of service system is a new research field which involves research from 

multiple disciplines. The study of service system engineering could be generally 

considered as a combination of business strategy study and its implementations with 

software engineering. From the business perspective, there are studies on strategies for 

service innovation related on business re-engineering, supply chain, service quality, 

effectiveness, and change, etc.; while focusing on emerging technologies in software 

engineering, Web Services, Service Oriented Architecture (SOA), and Enterprise Service 

Bus (ESB) are the most used technologies in deploying and delivering services over the 

Web. 
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In this thesis, the proposed mutual assistance community is a blueprint of service 

innovation which targets on the current medical care service system for elderly people. 

The architecture of the system is to be implemented with service oriented approach and it 

aims to save the cost in providing services to the elderly people, meanwhile also improve 

the quality of the lives of the elderly people. 

 

2.1.1.2 Service Oriented Computing 

 

Service system needs to find out solutions in how to connect the different resources 

together and let them communicate with each other. Services are scattered around corners 

of the service system with various forms, e.g. applications from mobile devices, services 

from human beings, business processes, etc. This calls for a common language to express 

the services, and let them communicate with each other.  Service Oriented Computing is 

a new computing paradigm that uses services as fundamental elements for developing 

applications and provide support of interconnecting services into service systems. 

[Papazoglou, 2003]. 

 

 

 

Figure 2.1 The Service Triangle [Gadrey, 2002]  
 

Figure 2.1 categorizes the players inside a service system and summarizes the 

relationships between them. In Fig 2.1, a service is considered as an operation provided 

by A (Service Provider), transformed (or could be considered as published and 

customized) at C, and carried out by A to B (Customer) [Gadrey, 2002]. Gadrey pointed 
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out that the model in Fig 2.1 should clarify: firstly, how C could transform the service 

from A to meet the request of B; secondly, how A and B could interact or play a 

complementary role in carrying out the service and bringing out the final result. 

 

Service

Registry

Bind

Publish Find

Service

Provider

Service

Client
 

 

Figure 2.2 The basic service oriented architecture 

 

Service Oriented Architecture (SOA) is a logical way of designing software systems to 

enable flexible development of systems based on a collection of services. Figure 2.2 

shows the three basic components in service oriented architecture and their relationships. 

Service provider and service client are quite like their counterparts in Fig 2.1 while the 

service registry carries out the function as “service target”. A service provider publishes 

its service in the service registry; a service client looks up its needed service in the 

service registry too. Once the published service and requested service are matched, the 

service provider and service client will be bond together, and service will be delivered 

from provider to client. 

 

The fundamental components in SOA are services, which are well defined and self 

contained software entities with a discoverable and invocable interface to provide certain 

functions. Services in SOA are different from modules, objects, or components in other 

programming methods as they represent complete business function; they are also able to 

be assembled together to provide composite function. SOA aims to flexibly organize 

services which are distributed in different locations. To satisfy this goal, services in SOA 

are required to meet the following requirements: 

- Technology neutral: Services should be easily invocable through standardized, 

widely accepted communication protocols. 
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- Loosely coupled: Services should not require knowledge or any internal structures 

on the client side or server side. 

- Location transparent: Services should be published in repositories, from where 

clients can locate and invoke the services according to the service descriptions, 

irrespective of their location. 

 

2.1.2 Context Aware Services and Ambient Intelligence 

 

Key aspects in reengineering the mobile computing and restructuring the healthcare 

system is that they aware of the changing environment. It is important that the 

applications could be integrated in our daily lives in unobtrusive way and take 

adaptations autonomously to best meet the users‟ special requirements. 

 

In “The Computer for the 21
st
 Century” [Weiser, 1991], Weiser stated that “The most 

profound technologies are those that disappear. They weave themselves into the fabric of 

everyday life until they are indistinguishable from it.” Such concept is the origin of 

ubiquitous computing, which could be considered as a model of human computer 

interaction, in which information processing has been thoroughly integrated into 

everyday objects and activities. In my point of view, the essence of ubiquitous computing 

is not about particular computational devices, but rather focused on services – it is about 

delivering services through computational devices in our daily lives in a seamlessly way.  

 

Weiser noted three products as start up to build up the ubiquitous world, Tabs (“inch-

scale machines that approximate active Post-It notes”), Pads (“foot-scale ones that behave 

something like a sheet of paper (or a book or a magazine)”), and Boards (“yard-scale 

displays that are the equivalent of a blackboard or bulletin board”). After twenty years‟ 

development in technology, we have a wide range of available devices and advanced 

wireless communication: computational powers of mobile devices are greatly improved, 

the sizes of computers are largely reduced, and the communication technologies are also 

well developed which connect the computers together into a big network. The wide 

applications of mobile computational devices are bringing us close to the visions that 

Weiser had some twenty years ago, but only if we can solve the following challenges on 

interaction between human, application and environment: Firstly, how to adjust 

applications to fit their changing environments, to get better performance? Secondly, how 

to adjust the environment with the presence of people, meanwhile eliminating the sense 

of intrusion?   

 

2.1.2.1 Context Aware Services 
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Context Aware Computing is an answer towards the first question, “how to adjust 

services to fit the environment?” 

 

Mobile computing technology is developing rapidly: mobile devices are now more with 

powerful computation abilities and equipped with many sensors to detect the surrounding 

environment to deliver tailored services. Context-aware computing is a paradigm in 

which applications can discover and take advantage (take appropriate 

adaptations/reactions) of contextual information [Chen, 2000]. Context awareness refers 

to the ability to adapt operations or applications to the current context environment [Dey, 

2000a]. Such adaptations are expected to be carried out dynamically without explicit user 

intervention and thus aim at increasing the usability and effectiveness by taking account 

the environmental context [Baldauf, 2004].  

 

The word “Context” in general refers to the “whole situation, background or environment 

relevant to some happening or personality” (Webster‟s New Twentieth Century 

Dictionary, 1980). Such a definition is too general for the application of the context-

aware computing. To clarify the meaning of “context” for context-aware computing, Dey 

has made a highly referenced definition as follows:  

(Context is) “any information that can be used to characterize the situation of 

entities (i.e., whether a person, place, or object) that are considered relevant to the 

interaction between a user and an application, including the user and the application 

themselves. Context is typically the location, identity, and state of people, groups, 

and computational and physical objects.” 

 

This definition is more detailed compared with the definition in the Webster dictionary, 

however, it is still general because context awareness represents a generalized way of 

input, allowing many applications to be considered as context aware as they react to input. 

With the wide application of mobile computation, there is a trend, or rather say research 

effort, to coordinate the mobile devices collaboratively working together, e.g. social 

computing. This movement also posts a request of context awareness of social 

connections. In [Eugester, 2009], Eugster et.al proposed to divide the context information 

into two main categories: 

 

- Individual Context: which gathers all parameters representing information about its 

environment directly accessible to the object, without interactions with other peers. It 

contains knowledge such as: Where do I stand? (location) What is my profile? 

(resources) 

- Social Context: which represents awareness of the existence of other peers and 

context of social interactions. It contains knowledge such as: Who is around? How 

close are they? 
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There are many middleware platforms developed for the application of context aware 

computing. ContextToolkit [Dey, 2000b] uses an object-oriented approach and supports 

the awareness of locations of the application and its peers. CARISMA [Capra, 2003] is a 

context-aware reflective middleware system which focuses on detecting the system 

resources and remove conflicts in adaptation. SOCAM [Gu, 2004] uses service oriented 

approach and process context information as ontologies – it mainly focuses on processing 

individual contexts such as location and device resources.  

 

2.1.2.2 Ambient Intelligence 

 

Ambient Intelligence is an answer towards the second question, “how to make 

environment adjust to the presence of people?” 

 

Ambient Intelligence (AmI) is a new paradigm that stems from pervasive and context 

aware computing, where technologies are deployed to make computers disappears in the 

background while moving the human users to the foreground in complete control of the 

augmented environment [Remagnino, 2005]. In other words, AmI refers to electronic 

systems that are sensitive and responsive to the presence of people, and are unobtrusively 

integrated into our daily environment [Aarts, 2001]. In an AmI system, distributed 

devices are massively embedded in the environment, which delivers information and 

intelligence in the interconnection network in seamless, trustworthy and natural manner. 

 

In 2001, the European Commission launched the AmI challenge with the report of 

“ISTAG Scenarios for Ambient Intelligence in 2010” [ISTG, 2001], which aims to 

describe that living with „Ambient Intelligence‟ might be likely for ordinaries people in 

2010. It is stated that “The emphasis of AmI is on greater user-friendliness, more efficient 

services support, user-empowerment, and support for human interactions.”  Ambient 

Intelligence technologies are now widely applied in office environment to assist people 

finding right information [Dey, 2009], and home domain to construct smart home 

environment [Friedewald, 2005]. The latter application is also often accompanied with 

services for monitoring people‟s safety, and other assistance services to help the elderly 

people living independently [Aware Home, 2008] [I-living, 2007].  

  

Technologies of Context Aware Computing and Ambient Intelligence could improve the 

interactions between the human beings and environment, thus building up a better 

environment to improve their quality of life. Such technologies could also be applied to 

building a safety environment around the user, thus are considered as solutions to tackle 
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social problems of helping the increasing number of elderly people living independently 

and safe. In the remainder of this chapter, we will discuss the challenge brought by the 

ever increasing population of elderly people, and with introductions of how Context 

Aware and Ambient Intelligence, together with other approaches could make their 

contributions to meet such a challenge. 

2.2 Societal Problem (Social Challenge in this Modern Society) 

 

The population of elderly people is increasing rapidly, which becomes a predominant 

aspect of our society. As such, both efficacious and cost-effective solutions need to be 

sought to provide the services required by an ever increasing number of users.  

 

2.2.1Societal Crisis: Elderly People Need Assistance 

 

A well known trend and a predominant aspect of our society is the rapid increase of the 

elderly population. Several statistical reports revealed that the proportion of elderly 

people has kept increasing since the end of last century, e.g. EUROSTAT (EUROSTAT, 

2004) indicated that “the share of the total European population (EU 15) older than 65 is 

set to increase from 16.3% in 2000 to 22% by 2025 and 27.5% by 2050.”  

 

 
 

Figure 2.3 Percentage of people hampered in daily activities, by age 
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Independent living is indeed regarded as a key request from the elderly people. Studies of 

Counsel and Care in the UK found out that elderly people would prefer to live in their 

own homes rather than in nursing homes; thus they need support to remain independent 

in their home [Counsel and Care, 2005]. Figure 2.3 shows how people‟s daily lives are 

hampered by aging [EUROSTAT, 2004]. In order to improve the quality of the life for 

the elderly and disabled people, it is important to guarantee that assistance to those 

people should be timely arranged in case of need. 

 

Research has also shown that remote clinical therapy at home will not bring negative 

effects to the therapy process [Deutsch, 2007]. However, one significant characteristic for 

the elderly and disabled people is the reduction of their mobility and social contact. The 

reduction of mobility also makes simple tasks, like feeding a pet or mowing the lawn, 

more difficult. In order to improve the quality of life for the elderly people, it is important 

to guarantee that timely assistance to those people is arranged when they are in request. 

 

2.2.2 Solution: Ambient Assisted Living 

 

The European overview report of Ambient Assisted Living (AAL) investigated the trend 

of increasing population of elderly and aims to find out an efficient solution to help these 

elderly people independently living [Steg et al., 2006]. Several research programmes that 

focus on AAL have been started, such as the Ambient Assisted Living Joint Programme 

launched by the European Union in 2008, which aims to find out an efficient solution to 

help elderly people living independently. 

 

AAL aims at extending the time that elderly people can live in their home environment 

by increasing their autonomy and assisting them in carrying out daily life activities 

through the use of intelligent products and the provision of remote services including care 

services. As mentioned in the previous section, Ambient Intelligence put people in the 

center and embedded devices in the background environment to obtrusively provide 

services; such feature is very welcomed in building safety and responsive environment 

around the elderly people. In the existing projects of assisting the elderly people 

independent living, most efforts towards building ambient assisted living systems for the 

elderly people are based on developing pervasive devices and using Ambient Intelligence 

to integrate these devices to construct a safe environment.  

 

Living assistance systems and assistive devices are thus developed to facilitate the daily 

lives of the elderly people. These technologies show promise in helping elderly people to 

live independently and in comfort. However, most of the research on AAL is focused on 
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assisting the elderly people with technologies, such as assistive devices. In order to utilize 

all the resources and build up efficient and cost effective systems to help the elderly 

people independently living, it is important to take a deeper perspective of such systems 

with the view of service system. A service system is not only consists with technologies 

and devices, but also lives with the existence of human participation and those 

interactions and knowledge sharing between the involved parties. Similarly, a good AAL 

system should not only reply on the technologies and assistive devices, but also need to 

effectively express the power of human beings and establish good social connections and 

activities. Constructing the AAL system could help to better utilize the available 

resources bring in more services from human side and enhance the social connections of 

the assisted people. The rests of this thesis will present my research of building a service 

oriented community, which integrate applications from ambient devices and services 

from human beings, to effectively provide services to the people in request, and help the 

elderly people actively living. 
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Chapter 3. Mutual 

Assistance Community for 

Ambient Assisted Living 
 

 
The last chapter introduced the emerging of service science and service system as 

solutions to orchestrate resources. It was also suggested to apply the concept of service 

system in developing the ambient assisted living system to help the ever increasing 

elderly people living independently. 

 

In this chapter, I first introduce the promises and challenges in the current approaches in 

building ambient assisted living system. Then I introduce the general structure of a 

Mutual Assistance Community for ambient assisted living together with some simulation 

results. Finally I present a “participant model” for organizing group activities. The 

implementation of the mutual assistance community is the topics of the following 

chapters. 

 

3.1 Related Work in Ambient Assisted Living 

  

Much research has been carried out on building intelligent environments around people 

with assistive devices, such as Aware Home [Aware Home 2007], I-Living [I-Living 

2007], etc. These studies built up “smart houses” with ambient intelligence, which 

improved the independence of elderly people, and reduced manual work in assisting them. 

Devices such as RFID (Radio Frequency Identification) and motion detectors were used 

to monitor the status of the elderly people and the surrounding environment, detect 

dangerous situations, and assist elderly people in different activities of daily living. The 

Aware Home project included a living laboratory where user acceptance of technology 
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was tested, and a framework for universal device interoperability in pervasive systems 

was built. The project also assessed devices for pervasive computing environments, 

medical monitoring, and human computer interaction interfaces. The mission of I-Living 

is similar to that of Aware Home: developing an assisted-living, supportive software 

infrastructure that allows disparate technologies, software components, and assistive 

devices to work together. Tasks provided in I-Living included activity-reminding, health 

monitoring, and location detection. 

 

Applications developed in those projects are promising in providing assistive services in 

pervasive technology environments. They offer people better lives by assisting them with 

daily activities and keeping them safe by monitoring aspects of their health status and 

taking corresponding reactions. However, in the early days of the research in this field, 

the services included in those assistive environments were simple and limited; there were 

few communications between the involved devices/services. In such circumstance, 

scenarios presented in the projects at those early stages are not concrete enough to meet 

elderly people‟s needs in their daily lives and help them maintain satisfactory 

independent lives.  

 

In a later stage, research efforts were made to connect different services together and 

coordinate them by some intelligent gateway in the smart environment to provide better 

services. Take Aware Home and I-Living as an example, applications reported by these 

two projects in the early days are rather simple, e.g. using RFID to localize personal 

belongings, remind patients to take medicine, etc. In the later reports made by these 

projects, research efforts are made in building interoperable framework to orchestrate 

different devices. Another project, Amigo [Amigo, 2007], though not specifically 

designed for assisting elderly people, investigated ambient intelligence for the networked 

home environment to provide attractive services and improve end-user usability. 

Pervasive devices were largely deployed in the Amigo project, being managed in an 

adaptive, context-aware and autonomous way. The scenarios of this project are 

sophisticated and demonstrate that it is possible to provide users with customized services 

by combing different smart devices together. The applications in the Amigo project are 

not restricted to home environment but extend to connecting work environment through 

mobile devices, meanwhile also connecting family members. 

 

The Amigo project is a huge step towards general introduction of the networked home 

and towards Ambient Intelligence achieved by increasing the usability of a networked 

home system. The achievements made in the Amigo project could be applied in Ambient 

Assisted Living for the elderly to provide services through advanced ICT (Information 

and Communications Technology).  However, as the purpose of the Amigo project is to 
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deliver the Ambient Intelligence for the networked home environment, although the 

project provides a scenario in assisting the elderly people living home, there are still 

challenges to be met in order to fully express the potential of adopting those technologies 

to assist the elderly people living independently and safely in their houses. One of such 

issues is to increase human participation in the process of providing assistance to the 

elderly people.   

 

 

 

Figure 3.1 Side Effect of Over-Using Assistive Devices [Karlsson, 1996] 

 

Human participation is essential in building effective ambient assisted living systems. 

The AAL country report of Finland remarked that “the (assistive) devices are not useful if 

not combined with services and formal or informal support and help” [Fin, 2005]. I share 

this view and deem informal care from relatives, friends and neighbouring people 

indispensable when constructing timely and cost-effective services in addition to formal 

care support arrangements [Sun, 2009a] [Sun, 2010a]. The use of assistive devices helps 

transfer dependence from the human side to the mechanical side and enhances the degree 

of independence. However, dependence on assistive devices can potentially reduce social 

connections and can mean that people are merely surviving safely, but not actively living. 

Figure 3.1 shows a humorous depiction of the possible side-effect of over-using 

technology. Although the effect is exaggerated, the picture reminds us that we should be 

cautious of over-reliance on assistive devices, and that we should never overlook human 

and social aspects. 
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Luckily, many researchers are now realizing the importance to include social intelligence 

and social connection [Aarts, 2009]. There are efforts towards building social links 

between the elderly people and their families or neighbours to address their needs and 

increase their social connections. In the scenario of Amigo project, as well as some other 

projects on Ambient Assisted Living (i.e. I-Living, Aware Home), there are 

communication channels established between the elderly people and their family (or 

neighbours in some projects). In case of emergency situation affecting the elderly people, 

signals will be sent to corresponding person, so that certain aids could be delivered. In 

some other scenarios, entertainments among different generations of a family (e.g. online 

chess between a grandson and a grandpa) are carried out online, which helps to increase 

social connections of the assisted person. The restriction in these projects is that the 

connections among the assisted people and others are fixed, which lacks of dynamicity. 

 

There are research efforts carried out towards expanding the connections of the assisted 

person so as to provide more services. One of such projects is COPLINTHO 

[COPLINTHO 2008], which built an eHomeCare system to link the patient‟s family, 

friends and the overall care team. It aimed to make interaction possible (passive or active; 

images, sound and data) with all actors (home health care personnel, hospitals, the family 

practitioner, and if necessary an alarm centre) involved in the care process of the patient. 

This project focused on the recovery progress of a patient, thus on exchanging patient 

medical data rather than on more generalized application. This thesis further explores the 

possibility to expand the connections of the assisted person to allow them participate in 

more generalized activities. 

 

In conclusion, much research has been carried out in building ambient assisted living 

environment for the elderly people to live independently. These efforts demonstrate many 

examples of how to use the assistive devices to build up safety environments around the 

elderly people. Besides using advanced technology to assist the daily lives of the elderly 

people, research efforts in recent years have been paying more attention in introducing 

human services in ambient assisted living. Connections between the assisted person and 

the outside world are established, which help to carry out emergence services and certain 

social events or entertainment activities. 

 

In my opinion, such social connections in ambient assisted living should be enhanced to 

allow more flexible and broader social connections. In so doing, more human services 

could be involved and more social activities could be carried out to the assisted person to 

help them living more actively. Effective and efficient solutions to meet the challenges in 

Ambient Assisted Living should combine the forces from both technology and society. 
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The application of the ICT technology and the involvement of human participation are 

not contradictory with each other, in fact, they are mutually beneficial: 

 

o On one hand, the involvement of human beings could help to fully express the 

potential power of smart devices, and maintain the social awareness of the elderly 

people.  

o On the other hand, the usage of advanced ICT technology could better connect the 

elderly people together, e.g. organizing community activities.  

 

In the following section, I propose a possible approach to construct a system to integrate 

the ICT technology and human services – the mutual assistance community. Such a 

system could help to extend the application domain of ambient assisted living from home 

to a broader community, to orchestrate the resources with community level computation. 

The overall structure of such a system will be introduced and some simulations will be 

presented. 

 

3.2 Overall Structure of Mutual Assistance Community 

 

Community level computation, which refers to the orchestration of community resources, 

has emerged since the modern communication technologies are connecting people more 

closely than ever before. It aims to model the behavior of our surrounding world, take the 

perspective of the world at the community level, and make it smart in information sharing. 

The digital city of Kyoto [Ishida, 2002], the proposed mutual assistance community in 

this thesis, and the later efforts from IBM‟s Smarter Planet plan [Smart Planet, 2009] are 

all efforts to set social information infrastructure for our everyday lives.  

 

The community level computation interconnects people, technologies, organizations, and 

promotes the resource sharing amongst them. Service orchestration at this level focuses 

on dynamic reconfiguration of the available resources to meet the requirements from 

different bodies. It meets the satisfaction of a single entity, meanwhile also takes 

consideration of the welfare of the overall community.  

 

Current solutions for ambient assisted living are costly. Introducing more human 

participation and orchestrating the resources at the community level could help to save 

the cost in assisting the elderly people independently living. In this thesis, I propose to 

build a mutual assistance community where dwellers may help each other when they are 
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able to, supported by assistive devices which also contribute to a smart environment. 

Participants are able to make different contributions to the welfare of the community. The 

technological and social forces are more seamlessly combined, providing better services 

to people.  

 

 

 

Figure 3.2  Organization of a Mutual Assistance Community 

 

The architecture of the proposed community is shown in Fig 3.2. This combines assistive 

devices and ICT technologies, and provides social interactions. The main actors playing 

in the proposed mutual assistance community are as follows: 

a) Professional Caregiver 

Professional caregivers refer to those who are able to provide professional medical care, 

such as medical doctors, nurses, etc. Services provided by professional caregivers are 

more stable and reliable; however, the available professional caregivers inside a 

community are normally limited, so that they should be provided to the people who need 

them most. 

 

b) Informal Caregiver 

Informal caregivers refer to those who are willing to provide help to other peers through 

their own competences, normally as volunteers. Informal caregivers are normally acted 
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by the families, friends, or neighbours of the people who need assistance. Services 

provided by informal caregivers are normally non-medical ones, e.g. helping with family 

work. In certain emergency situations, informal caregivers could also provide first aid 

services to the people in need. The main characteristic of informal caregivers is that 

services from their side are highly dynamic, i.e. their availabilities are constantly 

changing over time, which requires the proposed mutual assistance community with 

certain ability to tolerate such dynamicity. 

 

c) Commercial Vender 

Commercial venders refer to those who are providing commercial products or services 

for profit, such as commercial housing cleaning services, or shops selling certain products. 

The participation of commercial venders helps to diversify the service type and brings 

convenience to the user, at the same time laying the foundation for economical 

exploitation and self-sustainability. The services from commercial venders are normally 

abundant and much more availability compared with those from informal caregivers. 

 

d) Service Requester 

Service requester refers to those who are in need of services. The requested services 

could e.g. be medical services from the elderly people, which require medical treatments 

from professional caregivers. There are also requests for non-medical services, such as 

cleaning the garden or some social activities such as chatting, or taking a walk in a park 

with companions, etc. Service requests are not only restricted to elderly people – the 

younger generation may also post their requests for help or assistance on problems 

regarding e.g. their studies, work, or daily lives. 

 

e) Assistive Devices 

Assistive devices refer to those devices installed around the elderly people to guarantee 

their safety, such as cameras, motion detectors around the living environment and body 

sensors (e.g. ECG (electrocardiogram), etc.) around the body of the elderly people. These 

devices are to be managed by a local gateway in a flexible way (see point f). 

 

f) Local Gateway 

In the proposed mutual assistance community, local gateway is set up in the home 

domain managing the assistive devices, gathering and taking the preprocessing actions 

before sending out the information collected from those assistive devices. Abnormal 
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situations, which normally refer to a danger situation of the assisted person, could be 

detected by the assistive devices, deduced at the local gateway, and sent out to the outside 

world. Other service requests from the elderly people may also be published through the 

local gateway in customized way. Details of the adaptation among the loosely coupled 

devices are introduced in the Chapter 4. 

 

g) Service Coordination Center 

The service coordination center is working as the “brain” of the proposed mutual 

assistance community. All the availabilities and locations of services will be published in 

the service coordination center and stored in the database. The database will 

correspondingly update the available services based on the appearance and disappearance 

of the service providers. The requests for services will also be sent to the service 

coordination center. The matching process between the available and requested services 

will be carried out in the service coordination center by a service matching engine in 

automatic way. Details of such processes will be introduced in the following chapters.  

 

As mentioned already, human participation plays an important role in assisting the 

elderly people living well, thus the proposed mutual assistance community allows 

bringing in human participation from all corners of the community. The proposed 

community also allows disparate technologies and people to work together to help people 

who are experiencing the inconveniences from aging or disabilities. People located inside 

the community are connected together via different means of communication media, such 

as fixed lines, mobile phones, the internet, etc. For the elder people who are not familiar 

with new technology, they may access the community through advanced human 

computer interface (HCI) [Kleinberger, 2007]. For the younger generation, they may 

connect to the system by their smart phone or PDA. People who are able to provide 

services are encouraged to do so and assist the requesting people as informal caregivers. 

Professional caregivers and commercial vendors are also included, which helps to 

diversify the service categories. 

 

In the proposed community, elderly people are also encouraged to participate in group 

activities, which not only help to maintain their physical and psychological health but 

also reduce the requests of professional medical resources. When people grow older, their 

mobility can be reduced, and they may become physically weaker. However, the elder 

people have accumulated valuable experiences and knowledge during their lives, and 

they may use such knowledge to assist other people in need. Inter-generational activities 

could also be carried out in this way. For example, the younger generation could act as 
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informal caregivers by helping the elderly people with physical strength-demanding tasks. 

In turn, the elderly people with their accumulated life experience and knowledge could 

use their knowledge to assist the younger generation in solving their problems e.g. at 

work and during their studies. Through this process, not only would the younger 

generation get needed information, but the elder generation could also find a means to 

further contribute to society.  

 

Our society may also benefit from these mutual assistance activities. Less assistance 

would be required for helping elderly people as many requests would be completed by 

the informal caregivers. The engagement of the informal caregivers together with those 

group activities help to increase the social connections of the elderly people, which may 

benefit their psychological health. In addition, the knowledge and experience of the elder 

generation may also pass along to the younger ones, which would be not only beneficial 

for their studies and work, but also provide the elderly people with the chance to live 

creatively and with greater self-esteem. The result is that the social resources are utilized 

in a more efficient and effective way. 

 

Figure 3.2 shows the general structure for the implementation of the mutual assistance 

community. Applications from assistive devices and services from human side are both 

described as web services; they are both registered and processed in the service 

coordination center. Details of managing the assistive devices in an adaptive way will be 

presented in Chapter 4, information of linking the human services and requests will be 

stated in Chapter 5.  

 

3.3 Simulation of Human Participation 

 

3.3.1 The Simulation Model 

 

In order to evaluate the effectiveness of mutual assistance community with the 

participation of informal caregivers, I have set up a simple cell grid model to simulate the 

community behavior. The characteristic of a mutual assistance community is that services 

from informal caregivers are highly dynamic, i.e. the availability of services is 

continuously changing. My simulation model reflects such dynamicity by constructing an 

nn cell grid; each cell in this grid represents an individual, and the whole grid represents 

a community.  
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The simulation model is a simple model which mimics some basic behaviours from our 

living world into the mutual assistance community. Participants of the community are 

divided into three types, and differentiation of service types are not taken into account.  

 

The individuals in this community are divided into three types – client, provider, and 

neutral. Client cells represent people who request help in the community. Their states will 

turn to neutral after the service is completed. Provider cells represent people who are 

providing help in the community. After one service completed, their states will either turn 

to neutral or stay as provider, depending on different help policies. Neutral cells represent 

those people who neither ask for help, nor provide help – they will not take any actions. 

Such an abstraction is in purpose to simplify the simulation model, more types of cells 

(individuals) are modeled in Section 3.4.  

 

The above mentioned community dwellers are represented as cells with different colours 

in my simulation model in Fig 3.3. In order to simplify the simulation model, a cell in the 

community may only look up its four adjacent neighbouring cells, and once it establishes 

a connection with its neighbour to provide or receive service, such a connection will be 

established, and it will last certain steps for the service delivery.  

 

 

 

Figure 3.3 Simulation model of mutual assistance community 
 



Chapter 3. Mutual Assistance Community for Ambient Assisted Living 

37 
 

Fig 3.3 shows the initializing stage of the graphic interface of the simulation model [Sun, 

2006]. This figure depicts the initialization of a 3030 cell grid. The cells in blue are 

neutral cells; the red cells are client cells and the cells in white are the cells providing 

help. The rates of these three types of cells can be manually set. In Fig 3.3, the client cells 

account for 30.56%; the provider cells account for 34.11% and the neutral cells account 

for 35.33%. The satisfaction is 0 because there is no service provided in the initial stage. 

 

The simulations of this mutual assistance living system are organized as follows: After 

the initialization, a small portion of the cells will be randomly chosen and change their 

states according to predefined probabilities. This investigation targets on investigating the 

performance of the system with these dynamic changes, whether the community could 

maintain a balance and provide service continuously and stably.  

 

3.3.2Simulation Results 

 

During the simulation, the community shown in Fig 3.3 changes in discrete time steps. 

Each activity (e.g. receives/provides service) requires a certain number of steps to finish. 

The needed steps to complete an activity depend on the workload of the requested service, 

which is a randomly generated number ranging from 5 to 25. On every step, cells who are 

receiving services will decrease their workload value by 1. Once their workload value 

becomes 0, it indicates the activity is finished: those who have received their services will 

be set as neutral cell, and those who have provided their services become available again. 

Every step, those cells that are inactive (cells not connected with other cells on service 

activities) will change their role with a certain probability.  

 

The simulation firstly investigates the impact of the initial state. Figure 3.4 simulates a 

community organized as a 30 by 30 cell grid. The coordinate x shows the rate of the 

client cells in the initial state, and the coordinate y shows how many cells are still 

requiring help (did not receive service). After initialization, the community will develop 

step by step. During every step, there will be one cell randomly chosen to change its state. 

In this run the chance it changes to a neutral cell is 50%, while the chance it turns to be a 

client cell or provider cell is both 25%. The system lets the community develop 5000 

steps to reach a stable state. After that, the system records periodically the number of 

cells still asking for help (every 50 steps). This is done for 100 cycles. The average values 

of the calling for help are shown in the coordinate y. Fig 3.4 shows that the initial state of 

the community does not take any impact on the community: after the community reaches 

a stable state, the rate of the cells asking for help is around 5%. 
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Figure.3.4 Impact of Initial State 
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Figure 3.5 Real-time satisfaction 

 

Fig 3.5 shows how the dynamic change of roles within the community does influence the 

overall satisfaction of the community. Clearly this dynamicity reflects the way a real 

community behaves, with its members changing their willingness to be neutral or provide 
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help, or their need for help. Curves with different colours represent different sizes of the 

cell grid. The coordinate x (initial req rate) indicates the probability that a changing cell 

becomes a requestor of help. The probability to become neutral is both 50% in the two 

figures, hence that of becoming a provider is 50%-x. Every step, one cell will be 

randomly chosen to change its state. The coordinate y shows the rate of the cells that are 

asking for help. 

 

It is shown in Fig 3.5 that the change probabilities of the cells are crucial to the 

satisfaction of the community: When the probability to become a client cell equals the 

one to become a provider, the satisfaction is around 94%, i.e. only 6% cells are not served 

within the community. In this simulation, „satisfaction‟ only refers to whether services 

are delivered; whether they „satisfied‟ the user is not taken into account in this simulation. 

When the chance to become client cell is lower than 10%, the satisfaction of the 

community gets over 99%.  

 

The simulations also demonstrate that satisfactions of the people who are requesting 

services are largely depending on the dwellers‟ willingness to provide help or participate 

to group activities. There are some other features observed in other simulations carried 

out in [Sun, 2006], e.g. the size of the community does not bring direct effect on the 

users‟ satisfaction, however expanding the contact that a user may reach with the other 

users may help to increase users‟ satisfaction rate. The results also suggest that a stable 

community with fewer changes on people‟s roles may create higher satisfaction. 

 

In conclusion, the simulations in this thesis showed that it is possible to provide the 

elderly and disabled with non-medical help by their neighbours promptly. The 

involvement of informal caregivers could reduce the dependence on professional medical 

caregivers significantly, thus greatly save the social resources on providing assistance to 

the elderly people for their independent living. 

 

3.4 Participant Model for Group Activities 

 

3.4.1 The Concept of Participant 

 

The concept of participant carries on the concept of informal caregiver. It is envisaged 

that some activities which the elderly people want to engage in may need more than one 

person to participate, such as walking in the park with someone else, playing chess, etc. 
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The conventional approach to fulfill these requests would be, e.g. to send a nurse to the 

requester. With the assistance of an informal caregiver, before requesting the nurse 

service, informal caregivers would be sought and, if successfully identified, would be 

asked to provide help. The introduction of the informal caregiver could save the 

professional medical resources. But the elder people are always passively receiving help 

and losing their independence in both situations.  

 

In addition to bringing in the informal caregivers, the concept of participant provides 

another solution to meet these requirements of the elderly people [Sun, 2007a]. When 

elderly people want to initiate or join a group activity, they will send a request to 

participate in this activity. The request will be parsed by the Service Coordination Center 

as shown in Fig 3.2. If such a participation event is ongoing, the requester could join this 

activity directly; otherwise, based on the time constraint of the requester, the system will 

either initiate a new joint activity or try to find service from informal or professional 

care-givers to fulfill the user‟s requirement. 
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Figure 3.6 Comparison between traditional model and participant model 

 

Figure 3.6 compares the participant model with the traditional one. A and B represent 

elderly people, N1 and N2 represent care-givers. When A and B want to participate a 

same event, the service center will try to establish a link between them in the participant 

model rather than requesting for help in the tradition model. This not only decreases 

social costs, but also encourages social contacts and produces self-esteem. 
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3.4.2 A model for Simulation 
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Figure 3.7 Process to parse a request 

Figure 3.7 shows the process to parse a requirement in my proposed mutual assistance 

community. The requirement from a requester is divided into three categories: alarm 

signal, non-urgent request and activity participation request. The alarm signal may be 

triggered by the user or assistive devices – it has the highest priority. The participant 

signal represents the people‟s willingness to participate an activity, and has the second 

highest priority. The non-urgent request for care is left with the lowest priority. 

 

The requirement of an elder person could be fulfilled by the following three players: 

Professional Caregiver, Informal Caregiver and Participant. The professional caregivers 

and informal caregivers are as defined in the previous section, and the “participants” refer 

to those who are willing to join certain activities, such as chatting with someone else 

together or taking a walk in a park with other companions. In such situation, they either 

join an established group activity, or initiate one. People who are joining a participant 
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activity are neither givers, nor receivers, but peer-level players. They neither get reward 

nor need to pay, but interactively “play” with other people in the engaged participant 

activity. 

 

The process of parsing a user‟s request with the “participant” approach is as follows: 

    1. Once a requirement signal is received, check whether it is an alarm, if yes, turn to 

professional caregivers for help, otherwise, turn to step 2. 

    2. Check whether the requirement signal is a participant signal, if no, resort to helps 

from professional or informal caregivers, otherwise, turn to group activities. 

        2.1 Check whether there is ongoing participation activity as required; if so, join this 

activity, otherwise, initiate one. 

        2.2 A new participation activity is initialized as the user required. 

        2.3 Check whether the time constraint is met; if so, turn to help from caregivers, else, 

keep “wait”.  

    3. The requirement will be treated as a non-urgent request.  

    4. The service center looks for a caregiver for the requester based on the requester‟s 

preference. This can either be a professional caregiver or an informal caregiver.  

    5. The requester prefers informal care. If an informal caregiver is found, the requester 

receives help from that informal caregiver, otherwise, choose professional caregivers. 

    6. The requester prefers professional care. Professional care is assumed to be available 

and able to fulfill any kind of request. 
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3.4.3 Simulation 

 

Figure 3.8 Simulation model of mutual assistance community – participant model 

The system proposed in this thesis was again modeled by a 25 by 25 cell grid. Each cell 

in this grid represents an individual, and the whole grid represents a community. All the 

cells in the simulation are constructed homogenously with a same prototype. According 

to the predefined rates, every cell is randomly assigned to different states in the 

initialization stage. The community changes in discrete time steps, and each activity (e.g. 

receives/provides service) takes a certain number of steps to finish. The steps needed to 

complete an activity depend on the workload of the requested service, which is a 

randomly generated number ranging from 5 to 25 (Tickers for those activities requesting 

for “participant” group activities are all set as the same value, which allows both parties 

involved to finish at the same time step.). On every step, cells who are receiving services 

will decrease their workload value by 1. Once their workload value becomes 0, it 

indicates the activity is finished: those who have received their services will be set as 

neutral cell, and those who have provided their services become available again. Neutral 

cells will randomly change their states after initialization according to predefined 

probabilities. The simulation was to investigate how the system behaves with different 

rates of different cells. 
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The simulation model simplifies the categories of the requested services and available 

services, though the categories are complex compared with those categories shown in Fig 

3.3. The community dwellers are divided into the following categories:  

a) Professional Caregiver (PC): those who are able to provide professional medical 

care. 

b) Informal Caregiver (IC): those who are willing to provide help on non-medical 

services. 

c) Neutral (Ne): those who neither need service, nor provide it. 

d) Service Requester (SR): those who need services, they are further divided into three 

sub categories: 

1) Alarm (A): requests need to be served by professional caregiver. 

2) Normal Request (R): requests could be served by either informal or professional 

caregiver. 

3) Participant (P): requests to join group activities as peer participant. 

 

In the simulation, with every specified setting, the system is run for 10000 steps after 

initialization. The status of the grid is recorded every 10 steps, thus 1000 results are 

produced for every setting. The average of these 1000 results will be used to reflect the 

system performance under different settings. 

 

                                 

        Figure 3.9 Screenshot of one setting                    Figure 3.10 Corresponding result 

 

Figure 3.9 shows the screenshot of one simulation setting. The setting shown in Fig 3.9 is 

a very stringent situation: In the beginning, the rate of Professional Caregiver, Informal 

Caregiver, Service Requester, and Neutral are 10%, 25%, 25%, and 40% respectively. 
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Among the Service Requester, alarm requests (A) count for 15%, participant (P) requests 

count for 35%, and non-urgent requests (R) count for 50%. After initialization, there will 

be 5 cells randomly picked to randomly change their cell types (the selection excludes the 

Professional Caregiver and cells who are actively interacting). The selected cell will have 

5% probability to be an Informal Caregiver, 5% to be Neutral, and 90% to be a Requester. 

Clearly this is a challenging situation as the probability to be a requester is rather high. 

When the cell is selected to be a Requester, the probability to have an alarm request is 

15%, that of a participating request is 15%, and that of a non-urgent request is 70%. 

 

Figure 3.10 shows the corresponding status of the community, based on averaged values, 

at the end of the simulation run. The indexes labeled with “#” show the averaged number 

of Professional Caregiver, Informal Caregiver, etc. In each field, the first number 

indicates the average number of people, while the second one means the number of cells 

which are not active. For example, after a simulation run on the average the community 

hosts 47.764 informal caregivers, 42.673 of which are providing help while 5.091 are not 

interacting (that is, they are available). The number of failures indicates the total number 

of aborted requests accumulated in 1000 results; this is not an averaged value. Field 

“latency” indicates the averaged steps that all the requester cells had to wait in every step. 
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Figure 3.11 Experienced failures 
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Figure 3.12 Experienced delays 

 

The amount of failures and delays experienced is shown in Fig 3.11 and Fig 3.12 

respectively. The setting of the system follows the values in Fig 3.9 except for the 

participant rate and R rate change. The participant rate here indicates the probability to 

send a participating request if a cell is selected to change its type into a requester, and the 

R rate represents the probability to send a non-urgent request. 

 

The main conclusion of the simulations is that both the failure numbers and the latency 

decrease with the increase of participant rate. When the participant rate is 15%, there are 

309 failures, and the average latency is 23.3 time steps. When the participant rate 

increases to 25%, the failures drop to just 99, and the averaged latency drops to 7.0. 

When the participant rate reaches 60%, the failures further drop to 5 and the averaged 

latency drops to 2.0.  

 

These two figures indicate that when the elderly people are actively participating is group 

activities, the dependence on social resources are further reduced, both the failures and 

service latency (i.e., the time difference between service requests and their response, if 

any) go down considerably. When the participant rate is low, its impact is very significant: 

a tiny increase on the participant rate will bring great improvement. What was not shown 

in the above figures is that when keeping the other settings but decreasing the participant 
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rate to 10%, failures increase to 987, and the latency will reach 4864.8, which means the 

community becomes unstable and chaotic.  

 

3.5 Threat to Validity 

In this section, I identify factors that may affect the simulation results in section 3.3 and 

Section 3.4. Some actions to alleviate the risk associated with those factorsare also 

presented. Following the guidelines from [Runeson, 2009] and [Yin, 2002], I examine the 

threats to validity as expressed by the following four aspects: 

 

Construct validity – to what extent the experiments represent what the researcher intend 

to investigate? 

The experiments in Section 3.3 and 3.4 intend to mimic the general behavior of a mutual 

assistance community where informal caregivers and participants are involved in. For this 

purpose, a cell grid model is set up to imitate the behavior of a mutual assistance 

community. However, the modeling process largely simplified the dynamicity of the 

roles that a human could play as well as various types of services involved in typical 

daily lives. Such simplification may jeopardize the precision of the experiments. 

However, as the experiment is not intended to model the behaviors of a complex mutual 

assistance community; instead, it focuses on assessing the impaction of introducing 

informal caregivers and group activities. Standing on this premise, the simplification of 

the complexity behaviors in a mutual assistance is acceptable. 

 

Internal validity – are there unknown factors which might affect the outcome of the 

experiment? 

The matching algorithm between service requester and service provider may influence 

the outcome of the experiment. It is difficult to select one player from the pool of service 

providers to a service requester. In real application, such a service matching process 

should be conducted based on evaluations of many factors, e.g. exact service categories, 

location between service providers and service requesters, .etc. However, it is not the 

purpose of this simulation to take all these considerations into account. This is because 

semantically matching the provided and requested services is already a very complex 

challenging task; it is difficult to introduce such a complex matching in every step for 

each player in the simulated community. In this simulation, service matching is 

simplified by assigning a randomly generated matching value to each player (e.g. service 

requester, service provider) when it is initialized. During each step, those free (not bound) 

service providers are sorted based on their matching value. Meanwhile, similar action is 

carried out for the service requesters. The service provider with highest matching value is 
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matched with a service requester who also with highest matching value, and so forth.  A 

more complex service matching algorithm based on semantic matching algorithm is also 

studied and is presented in Section 5.3.  

 

External validity – to what extent it is possible to generalize the finding? 

Users‟ willingness to offer/look for services through such a system would affect the 

simulation results. Although the important role that informal caregivers could play in 

Ambient Assisted Living is now widely recognized [Broek, 2011], the availability of 

informal caregivers might be still very limited due to several factors – e.g. occupation on 

other businesses. Moreover, the willingness and ability of elderly people to use this 

community to look for their needed services might also be low especially in the initial 

stage of deployment of such a community. In order to cope with this uncertainty, the 

simulation covered a wide range of possible engagement rates of the players. In addition, 

Fig. 3.11 and Fig. 3.12 summarized the performance achieved when setting different 

relative rates for the willingness of requesting a service and participating a group activity. 

The main lesson learned is that the involvement of group activities may greatly improve 

the performance. 

 

Reliability – to what extent the data and analysis are dependent on the specific 

researcher? 

The simulation model is built with Eclipse development environment in Java. However, 

the simulation and analysis is general and not dependent on any specific software. The 

manual setting of service matching algorithm is highly dependent on the researcher who 

is carrying out this experiment, so it is likely that other researchers will conduct different 

observations. In real life application, the diversity of the provided and requested services 

is tremendous, it is difficult to provide complex matching algorithm in the simulation 

model. Cases where service requester could not find appropriate service provider would 

arise in real application, and improving service matching by introducing semantic service 

matching is discussed in this thesis in Section 5.3.  

 

3.6 Conclusions 

 

This chapter presents the concept of building mutual assistance community to help the 

elderly people living independently. The importance of human participation is noticed 

and emphasized in such a community. The general structure of such a mutual assistance 

community is presented. The simulations testing the function of informal caregivers are 

carried out, which confirms their effectiveness. This chapter also presented a participant 
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model which aims at promoting the participation of the elderly people to the group 

activities. Simulations also demonstrate such activities could further reduce the 

dependence on social resources.  

 

In the following chapters, I will present more technical details on adaptively managing 

the assistive devices, the publication and searching of available human services, and the 

proposed approach of integrating the applications from devices and the services from 

human side. 
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Chapter 4. Service Adaptation 

for Mobile Devices 
 

 
As introduced in the last chapter, digital mobile devices are widely applied nowadays; 

there is a trend to connect these devices together as a network to provide better services 

to the end users. However, due to the diversity of devices, connection methods, and the 

changing surrounding environment, architects are less able to anticipate and design 

interactions between the components and configure them correctly at design time, leaving 

such issues to be dealt with at runtime [Kephart, 2003].  

 

Many research efforts are made aiming to improve the adaptability of systems and 

devices, which help them to take the right configurations that match context changes. 

Approaches such as autonomic computation are developed to construct self-governing 

computing systems that can manage themselves given high-level objectives from 

administrators [Kephart, 2003]. Other similar techniques such as context aware 

computing and ambient intelligence have been  also attracting much research interest in 

the past decade as they could help to build systems which are aware of the changes of the 

application environment and either adapt the devices or change the surrounding 

environments to improve users‟ quality of experience (QoE). 

 

In this chapter, I propose an adaptation model to flexibly organize the monitoring process 

of system resources with the combination of Service Oriented Architecture (SOA) and 

Aspect Oriented Programming (AOP), which provide an easy access for the users to 

specify their preferences. Adaptation logics are separated from applications and 

controlled by the system, while the reactions are still carried out on applications. Such a 

framework could flexibly implement, modify, and execute adaptation policies base on 

users‟ preferences, thus helping avoid e.g. performance failures and increase the users‟ 

quality of experience. 
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The rest of this chapter is organized as follows: I first discuss some of the related 

techniques in developing adaptation schemes for distributed mobile devices. I also 

present my studies of service adaptation in OSGi (Open Service Gateway initiative) 

environment, which includes a generic adaptation framework, its application in taking 

adaptations over mobile communication applications. 

 

4.1 Related Issues 

 

4.1.1 Current Limitations 

 

With the development of technologies, the functions of the mobile terminals are 

becoming more and more powerful; accesses to pervasive services become available in 

many areas. Users with powerful mobile terminals are granted with the ability to access 

information and multimedia services from almost anywhere at anytime.  

 

However, there are still some restrictions degrading the user‟s quality of experience (QoE) 

due to the limitation of the available resources: examples include a high CPU usage 

impacting the system‟s ability to support burst computation requirements; or an 

environment that is changing when the user is roaming, thus affecting the available 

bandwidth, etc. In order to increase the user‟s QoE and avoid performance failures (also 

known as late timing failures [Cristian , 1991]), the mobile terminal should intelligently 

detect the changes of environment (battery capacity, bandwidth usage, CPU usage, etc.), 

and take proper adaptations. 

 

Many adaptation strategies are already developed in different domains, such as switching 

transcoding methods, or adjusting the tasks‟ priorities. However, adaptations are highly 

application-specific or domain-specific, which may bring conflicts between different 

application domains. For instance, in the power consumption domain, reducing the power 

could prolong the battery life, while in the communication domain, increasing the power 

may guarantee a better communication quality. Another feature of these application-

specific adaptations is that they are normally hard bound with the application code and 

lack of flexibility to make reconfigurations in different environments.  

 

Rather than scattering the adaptation logics in different applications and represent them 

as low-level binary code, architecture-based adaptation uses external models and 

mechanisms in a closed-loop control fashion to achieve various goals by monitoring and 
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adapting system behavior across application domains. A well-accepted design principle 

in architecture-based management consists in using a component-based technology to 

develop management system and application structure [Kon, 2002] [Sylvian,2008] [Costa, 

2007]. However, in most of the above mentioned approaches, the configurations of 

applications and components are generally carried out before runtime; these systems still 

need to improve their ability to take runtime reconfigurations according to the change of 

system status. 

 

The adaptation framework presented in this thesis addresses the above mentioned 

limitations. By combining the Open Service Gateway Initiative (OSGi) and Aspect 

Oriented Programming, the framework is able to provide a flexible way to manage the 

devices and applications, and carry out the adaptations during the runtime. In the 

following, I will introduce the techniques of OSGi framework and Aspect Oriented 

Programming (AOP), together with the benefits to integrate these two techniques. 

 

4.1.2 OSGi Framework 

 

OSGi is a light-weight standardized service management platform, it allows for dynamic 

service provision from multiple providers. The OSGi platform support 

for Java programming language and implements a complete and dynamic component 

model. Applications or components can be remotely installed, started, stopped, updated 

and uninstalled without requiring a reboot.  

 

 

Figure 4.1 Typical Structure of OSGi Gateway for Smart Home 
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The initial plan of OSGi is to work as home gateways to connect and manage the 

household devices. Figure 4.1 shows an example of such implementation [Hall, 2004], 

where the home gateway acts as a mediator between the end user of the devices and the 

service providers who want to provide the services to the devices. Many applications are 

developed with OSGi gateways to provide secured living environments [Gu, 2004]. 

 

The OSGi framework has moved beyond the original focus of service gateway, it is now 

expanded to include any networked environment, such as mobile multimedia application 

[Eikerling, 2002], automotive telematics [Zhang, 2004], etc. 

 

The adaptation framework in this thesis combines the OSGi framework with AOP to 

further improve its adaptability. There are many OSGi frameworks existing, e.g. 

Knopflerfish, Equinox, Apache Felix, etc., the framework used in this thesis is Equinox. 

 

In the OSGi framework, modularized units, e.g. services and applications, are defined as 

services and represented as bundles. A bundle is comprised of Java classes and other 

resources, which together can provide functions to end users. In the OSGi framework, a 

bundle is built as a JAR file that contains the resources necessary to provide some 

functionality together with a manifest file describing the contents of the JAR file and 

providing information about the bundle [OSGi, 2007]. 

 

 
Figure 4.2 Life-cycle of OSGi Bundle 
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Figure 4.2 shows the states that a bundle might experience in its life-cycle, together with 

the transitions between these different states. Once a bundle is installed, it must be 

resolved before it can he used in any way. The framework resolves a bundle by checking 

its deployment manifest for dependencies on external Java packages. If the bundle has 

dependency on other bundles or packages, the framework will check whether the required 

ones exist. Once a bundle is resolved, it can be activated or stopped afterwards. 

 

Adopting the OSGi framework allows the applications to be organized following the 

service oriented approach (they are built as OSGi bundles); the framework is able to 

flexibly manage the components/application in loosely coupled way. In the adaptation 

framework to be presented in the following sections, I will also use the OSGi framework 

to wrap and organize the applications as OSGi bundles. 

 

4.1.3 Aspect Oriented Programming (AOP) 

 

As well known, Object Oriented Programming (OOP) improved the modularity of 

programming; it addresses common concerns in the code: those attributes and behaviours 

that are common on related entities are captured and built as properties of a class or 

interfaces. However, on the other hand, OOP also has its limitation in localizing concerns 

(properties of areas of interest) involving global constraints which refers to concerns that 

might be included by different classes, which may tangled into other structural elements 

and become a mess [Elrad, 2001].  

 

 

 

Figure 4.3 AOP – Express Cross-cutting Concerns 

 

Aspect Oriented Programming (AOP) is a technique to design and address the cross-

cutting concerns [Kiczales, 2007] [Kiselev, 2002]. AOP attempts to realize scattered 

concerns as elements of a separated Aspect class, and eject them horizontally from the 
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object structure. Figure 4.3 shows the logic that AOP separates cross-cutting concerns. In 

the traditional methods of OOP, the concern X would be coded and processed as sub-

programs in Class A, B and C respectively. They would be scattered and tangled, and 

there might be conflicts between each operation. AOP helps to better express the cross-

cutting concerns in a horizontal way: the concern X in those three classes is addressed 

together in the AspectX class, which avoids the tangling concerns. 

 

The AOP technique has been implemented in many programming languages, e.g. C and 

C++, Java, Delphi, Python and .etc. The programming language used in this thesis is 

mainly Java; AspectJ is an open-source tool that implemented AOP in Java [Kiczales, 

2001] [Kiselev, 2002], there is also a related Eclipse project AspectJ Development Tools 

(AJDT) project that provides tool support for Aspect Oriented Software Development 

(AOSD) with AspectJ in the Eclipse platform [http://www.eclipse.org/ajdt/].  

 

The AOP technique could well support the adaptations by monitoring and processing the 

cross-cutting concerns. Sensitive (or interested) attributes scattered around the system 

could be gathered together and get processed. Changes of these attributes could be 

monitored by the AOP constructs and corresponding adaptations could also be carried out 

by the Aspect class. 

 

Listing 4.1 A Simple Example of Monitor and Adaptation 

1

2

3

4

5

6

7

8

9
 

 

Listing 4.1 shows an example of how to carry out adaptations in AspectJ. Line 1-3 is the 

pointcut session; it defines the interest of the concern. In line 1, the pointcut is defined 

with the name as CPUMonitor. In line 2, it indicates the action of calling function 

DisplayCPU will trigger the corresponding reactions, which are indicated in the advice 

region. In line 3, it indicates that the variable value will be retrieved and passed to the 

advice session. The segment from line 5 is the advice session. In line 5, it indicates this 

advice implements the reactions corresponding to the pointcut CPUMonitor. In this 

example, detailed adaptation policies could be written in this session to guide the 

adaptations according to the value of CPU, whenever the function of DisplayCPU is 

http://www.eclipse.org/ajdt/
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called. By periodically calling the DisplayCPU function, the system could monitor the 

CPU value and take necessary adaptation – if necessary. 

 

4.1.4 Binding AOP with OSGi 

 

The systems around us, both the digital systems and the service systems, are becoming 

more and more powerful. Meanwhile, the complexity of the systems also keeps 

increasing, which may result in a tangled system. The above mentioned problem could be 

addressed by improving the separation of system concerns and the modularity of the 

system [Parnas, 1972]. Both AOP and SOA aim to improve the separation of concern and 

modularity, however, these two approaches seem to be orthogonal to each other: SOA 

provides means to develop applications in terms of loosely coupled services, thus 

improving the modularity of the system; while AOP is designed to modularize 

crosscutting concerns across the whole system. 
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Figure 4.4 Improving Separation of Concerns and Modularity with AOP and SOA 

 

Figure 4.4 shows that SOA helps to separate the different applications into services in the 

horizontal way, e.g. media service, communication service, .etc.; while AOP helps to 

separate different system concerns in the vertical way, e.g. CPU usage, Network 

Condition, etc. The former one modularizes the functional concerns while the latter one 

separates the non-functional concerns. Their combination could provide a powerful 
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solution to build systems which clearly separate both functional and non-functional 

concerns thus well addressing the tangling issues. 

 

In the adaptation framework presented in this thesis, the OSGi framework is used to 

modularize the applications as services, thus the integration with OSGi should be solved 

before the AOP could be used to guide the adaptation. In Fig 4.3, the classes having the 

concern X (classes A, B, and C), and the aspect class all reside in the same classpath, 

however, in the OSGi platform, those classes could be wrapped into different bundles, 

separated in different bundle-classpaths. In this case, techniques to weave the aspect 

between different bundles are required. 

 

 
 

Figure 4.5 Aspect Weaving for OSGi [Lippert, 2008] 
 

There are many research efforts carried out in integrating the AOP with OSGi, such as 

the AJEER [Lippert, 2004] and AOSGi, which were merged as Equinox Aspect project 

[Equinox Aspect, 2008]. They integrated the AspectJ into the OSGi platform (Equinox); 

using a load-time weaving extension it is able to add AspectJ aspects to the bundle-based 

system just by putting them into general OSGi bundles. Figure 4.5 shows the aspect 

weaving for OSGi. Applications shown in Fig 4.3 are now encapsulated in different 

OSGi bundles; the aspects also reside in a separated aspect bundle (Bundle C). Although 

located in different bundles (Bundle A and B), the concern X could still be woven by the 

Bundle C. There are also other approaches to realize the integration, such as Jadabs [Frei, 

2005], which uses dynamic proxies to implement the aspects into the OSGi platform; and 

some other effort is carried out in integrating the JBoss AOP into the OSGi platform 

[Irmert, 2007]. This thesis uses Equinox Aspect in constructing the adaptation framework. 
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4.2 A Generic Service Adaptation Framework 

 

This section will introduce the construction of a generic service adaptation framework. 

 

4.2.1 Scales of Adaptation Systems 

 

The scales of the adaptation systems evolved from simple devices to complex systems. In 

Fig 4.6, I have summarized the hierarchy of the adaptation systems, which may also be 

considered as the trend of the development of adaptation systems, as the following three 

levels: 

1) Device Level 

The origin focus of adaptations is aimed to improve the performance on single 

devices. By changing the settings of certain parameters during the runtime, the 

device could greatly improve its performance. Adaptations on this level normally 

focus on certain goals or features such as energy saving adaptation for battery 

[Flinn, 2004], wireless network rate adaptation [Lacage, 2004], etc. 

 

2) Network Level 

With the wide application of network technology, especially the massive 

application of wireless communication techniques, devices are more and more 

connected together as a network and communicate with each other, such as Ad 

Hoc networks [Wu, 2004]. Applications are always focused on certain domains 

such as smart home [I-living, 2007] or intelligent office [Hall, 2001], etc. Devices 

with adaptation abilities are important components of the networked system. 

Based on the changes, corresponding adaptations could be carried out on the right 

devices. Adaptation concerns are not only restricted on a single device, but also 

take care of the overall performance of the connected devices.  

 

3) Community Level 

The next stop of system evolvement, after the networked level, is the evolution 

towards the scale of community. Systems on this level are focused on 

characterizing the behaviours of the related communities; they work as social 

information infrastructure for our everyday lives. Networked devices are acting in 

different specific domains, together with different participants, to consist the 

community as whole. Instances of the communities in this domain could be e.g. 

digital cities [Ishida, 2002], mutual assistance community (as shown in this thesis) 

[Sun, 2010], etc. Adaptations on the community level are the interactions between 
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different entities inside the community, especially satisfying the requests from 

different participants by providing appropriate services in prompt way. Systems 

on the community level are aiming to improve the welfare of the whole 

community. 
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Figure 4.6 The Evolvement of Adaptation Systems 
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4.2.2 Design Issues 

 

Many design issues need to be considered in developing adaptation framework for mobile 

systems, among which, we deem the following aspects to be the most important ones: 

 

When to take the adaptations: 

 

Choices here include deploying the adaptation policies in the installation phase, or at 

execution time [Houssos, 2003]. Both of these two solutions have their advantages and 

disadvantages.  

 

If the adaptation schemes are solely deployed in the setup time, they would lack 

flexibility, while if there are too many operations in the runtime, this will also introduce 

extra costs such as extra time to switch the policies, and make the system too complex to 

design. In the design of the adaptation framework in this thesis, I set the adaptation 

policies in the deployment time, however, still providing the users with access to switch 

adaptation policies and modify adaptation parameters during the runtime. Such runtime 

modifications can be implemented in a simple way and without introducing an excessive 

amount of design complexity.  

 

Where to carry out the adaptation: 

 

Three models are widely used to take adaptations: centralized, application-transparent 

adaptation; decentralized, application-specific adaptation; and an integrated model 

[Edmonds, 2001]. The centralized model performs adaptation at operating system level, 

which avoids the competition between applications, makes decisions concerning the best 

adaptation strategy on system level and aids efficiency in resource usage. However, the 

drawback is that lacking the knowledge from specific applications, adaptation actions are 

not efficient in such a model. The decentralized model performs adaptation solely within 

the application. Monitoring and adaptations are glued together in certain applications 

without any support from the system. Such a solution is effective to solve a particular 

adaptation facet, however, it is scarcely efficient system wide, and there might be 

conflicts between different decentralized adaptations. The integrated adaptation model 

takes the advantage of the two above mentioned approaches: it combines the system 

management of resources with the application specific knowledge of exactly what is 

required and how to execute the adaptations. The integrated approach is much more 



Chapter 4. Service Adaptation for Mobile Devices 

63 
 

difficult to implement compared with the other two approaches: it requires especially 

tight cooperation between the applications and the operating system, and existing 

applications need to be modified to run effectively under such model. This thesis uses the 

integrated approach to design the adaptation framework. Monitoring and applications are 

scattered in the system, however, the monitoring results, adaptation analysis and 

adaptation instructions are processed in a centralized way.  

 

How to carry out the adaptation: 

 

There are many ways to take adaptations; however, here I generally categorize them as 

three levels based on granularity: the highest level is switching adaptation policies 

according to different locations, targets, etc.; the second one is adaptation of services, e.g. 

switching the coding method of a video encoder, etc; the last one is setting key 

parameters, e.g. resetting the frame dropping rate of a mobile video player, etc. In my 

previous research [Sun, 2007], I have investigated on building an adaptation framework 

combining adaptations on both services and parameters. However, the drawback here is 

that these two adaptations are carried out separately through SOA and Reflective and 

Refractive variables [De Florio, 2007] – a low-level application-layer reflective structure. 

In this chapter, I will combine the Aspect Oriented Programming and SOA to integrate 

the above mentioned approaches together. 

 

4.2.3 Global Adaptation Framework 

 

In my previous work [Sun, 2007], I have proposed to use a so-called global adaptation 

framework to realize the adaptation. In order to make the correct adaptation in the mobile 

application, there is a stringent requirement for the system to be aware of the 

environmental changes. The proposed adaptation strategies are thus constructed as an 

event-condition-action model [Etter, 2006] [De Florio, 2007], which is similar to what 

proposed in autonomic computing [Kephart, 2003]. The system is context aware, and 

adaptations are taken when the context changes. The event module detects the changes of 

the surrounding environment. The detected events trigger the reasoning of the rule engine; 

depending on the conditions, specific adaptation rules will be fired and the adaptations 

will be held in the action module. 
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Figure 4.7 Architecture of Global Adaptation Framework [Sun, 2007] 

 

In Fig 4.7, the event module is designed to monitor the environment around the mobile 

terminal, availability of applications and the system status of the mobile terminal. 

Services and reflective variables are used to separate different kinds of information. 

Services are developed as OSGi bundles, and changes of the services are detected by the 

service listener. In order to better indicate the system status, so-called “reflective 

variables” [De Florio, 2007] are used to represent some of the key system state 

parameters. Adaptation decisions are made in the condition module, where certain rule 

engines can be implemented, and adaptation decisions are to be deduced based on 

predefined rules. The action module in the framework executes the adaptations when 

certain adaptation rules are fired in the condition module. Adaptations in the action 

module are executed as adjustments on service, such as start/stop/update OSGi bundles; 

or by setting some system parameters, which is done through so-called “refractive 

variables” [De Florio, 2007]. 

 

The above mentioned solution provides an agile way to detect the change of context by 

the combination of service change detection and the reflective/refractive variables. It also 

provides fine grained adaptation by the combination of changing services and resetting 

the refractive variables. The drawback is that firstly, the monitoring and adaptations of 

services and variables are processed separately by SOA and Reflective and Refractive 

variables, which increases system complexity and reduces efficiency; and secondly, the 

adaptation policies are all stored as predefined rules in deployment, which lacks of 

flexibility to carry out runtime changes.  
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In the next section, I will introduce a generic context aware adaptation framework, which 

addresses the above mentioned drawbacks. Experiments based on such a framework will 

also be given. 

 

4.2.4 Generic Context Aware Global Adaptation Framework 

 

The last section discussed the architecture of an adaptation framework, the purpose is to 

manipulate monitoring and adaptations in a different granularity, however, separating the 

monitoring and adaptations in different approaches, i.e. services and key variables, also 

increased the system complexity. This section will demonstrate how to process the 

changes on different levels homogeneously in a generic adaptation framework. 
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Figure 4.8 Unifying the Adaptation Models 

 

Figure 4.8 shows that the changes of variables or services could be universally addressed 

by wrapping the variables as services. In Fig 4.7, the events of monitoring and acting are 

based on either services or some important variables; while in the adaptation framework 

shown in Fig 4.8, all the actions are carried out as services. Those changes carried out as 

services in Fig 4.7 remain, while those changes carried out as parameters are wrapped in 

read/write functions, and bundled in services. The actions of those read/write functions 

could be manipulated by adaptation policies specified with AOP, and adaptations are thus 

carried out.   
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Figure 4.9 Building Resource Monitor in Bundle 

 

Figure 4.9 shows the outline of the bundle sysinfo, which monitors the value of CPU 

usage and Memory usage. Functions to retrieve these two parameters are implemented in 

the linuxSystemTool package, and this package is imported in the sysinfo package. The 

value of CPU and Memory usages are retrieved in the activator body by calling the 

functions in the linuxSystemTool package. The functions DisplayCPU() and 

DisplayMem() return respectively the values of CPU and Memory usage. These two 

functions would be monitored by an aspect bundle once they are called, the return value 

(which refers to CPU usage and memory usage respectively) would be retrieved by the 

aspect bundle and corresponding reactions could be attached. A thread is created in the 

sysinfo bundle, which periodically calls the DisplayCPU() and DisplayMem() functions. 

By doing so, the adaptation framework periodically retrieves the values reflecting the 

system status, and it could take the reactions correspondingly.  
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Figure 4.10 Generic Context Aware Global Adaptation Framework 

 

Figure 4.10 shows the generic context aware adaptation framework, which is evolved 

from the adaptation framework shown in Fig 4.8. The framework in Fig 4.8 [Sun, 2009] 

is divided into three layers. In the service layer, applications are wrapped as services to 

provide approaches to manage the system in a modularized way. Applications could be of 

various categories, ranging from applications such as media players, or different types of 

monitors (e.g. CPU monitor, bandwidth monitor, etc.).  

 

In the adaptation layer, the event monitor module collects the detected changes from 

different monitor bundles. Information of the interested resources are collected system-

widely: for instance, the value of CPU usage and bandwidth usage are reported by the 

CPU monitor and bandwidth monitor separately; however, contrarily to the application-

specific approach, these monitored values will be collected together by the event monitor 

module to analyze and trigger the adaptations.  

 

The relationship between the monitor modules and adaptation modules are generally 

expressed as aspect weavings in Equinox Aspect [Equinox Aspect], which is shown in 
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Fig 4.5 [Lippert, 2008]. Concerns in different bundles, e.g. CPU usage, are monitored by 

a separate aspect bundle. Adaptation policies are also resident in the same aspect bundle 

written with AspectJ language in the advice area. An independent GUI is also attached to 

this adaptation bundle. 

 

Adaptation decisions are deduced in the adaptation management module, based on the 

adaptation policies and the system resources. The relationship between monitoring and 

adaptation in AOP is generally expressed as shown in List 5.1. In real-life applications, 

the expression of adaptation logics could be very complex, and such adaptations will be 

executed by the adaptation actuator module. Those actions are actually carried out on the 

applications in the service layer, such as the applications of media-player, etc. 

 

In order to address the user‟s quality of experience (QoE), a user layer is added to the 

adaptation framework, which hosts a graphical user interface. Such GUI is built in a 

separated QoEGUI bundle, and is connected to the adaptation management module in the 

adaptation layer.  

 

 
Figure 4.11 Structure of GUI Bundle 

 

Figure 4.11 shows the structure of the QoEGUI bundle. Three packages are contained in 

this bundle. The guitest package implements the graphic interface; the CPUCom package 

contains function to artificially increase the CPU usage, for testing purpose; the qoegui 

package contains the activator for the bundle. 
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Figure 4.12 Activator of the GUI Bundle 

 

Figure 4.12 shows codes of the activator for the QoEGUI bundle. The activator 

implements a function GUIObj(), which is called when the bundle is started. The function 

initializes the GUI interface, and returns the GUI object. Such an object is then retrieved 

by the aspect bundle, and the changes in the GUI is then received in the aspect bundle 

and guide the adaptations in the runtime.   

 

 

Figure 4.13 Retrieving GUI Object in Aspect Bundle 

 



4.3 Experiments 

70 
 

Figure 4.13 shows the code of retrieving the GUI object in the aspect bundle. By 

manipulating the GUI object, the system information received by the monitor module is 

then displayed on the GUI. Most importantly, the GUI provides the users with an access 

to switching between the predefined adaptation policies, or resetting some key parameters, 

such as applications priorities, during the runtime. An instance of the GUI will be shown 

in the following experiments sections. 

 

4.3 Experiments 

 

The following application was developed as an experiment to validate how the proposed 

adaptation framework could monitor the system information and guide the adaptations on 

video playing. 
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Figure 4.14 Experiment Structure 

 

The structure of the experiment is shown in Fig 4.14. A videoclip is played by the 

Mplayer (an open source media player) in the client side as an application. The sources of 

the displayed videos are stored in the server side, and the server provides the videos with 

three different resolutions upon decisions from the client side. The monitor module in the 

client side monitors the information of CPU usage, bandwidth, and memory exchange 

rate; such information is displayed in the GUI in Fig 4.15. The adaptor bundle retrieves 

the system information from the monitor bundle; meanwhile, it also retrieves MPlayer 

objects, which describe and control the video that is being played by the MPlayer. 

According to the system status, the adaptor bundle takes corresponding adaptations on 
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the Mplayer objects, and selects the appropriate resolutions. When the system is meeting 

restrictions on resources, such as low CPU, or limited bandwidth, it is still possible to 

avoid performance failures by trading off quality of service that least affects QoE. In this 

case performance failures are avoided by reducing the resolution of the videos. 

 

 
Figure 4.15 Graphic User Interface 

 

The thresholds defined here to take the adaptations are shown in Fig 4.16. There is no 

particular reason to choose these numbers, which are to be considered here merely a 

proof of concept for our adaptation framework. There are two adaptation policies in the 

experiment: either considering the combined value of CPU and Bandwidth usage, or 

considering the combined value of CPU and Memory usage. Users have to choose one of 

these policies; it is also possible for user to change the adaptation policies during the 

runtime through the GUI (see the User settings buttons in Fig 4.15.). In the adaptation log 

in Fig 4.15, it is shown that the adaptations are initialy triggered by the change of the 

values on CPU and bandwidth, while later on we switched to adaptations based on the 

combination of CPU and memory usage. It is also possible to switch the priorities 

between different videos when more than one video is being displayed. 
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Figure 4.16 Adaptation Thresholds 

 

The results of the experiments proved that our proposed adaptation framework could 

flexibly organize the adaptations, while also being able to meet the user‟s requirements, 

and even change adaptation policies at runtime. The above experiment was presented as a 

demo at the final project event of IBBT project End-to-end Quality of Experience [QoE, 

2006].  In our demonstration, the video could be broadcast with minimal impact on 

quality of experience by reducing resolutions in stringent computation environments. 

 

The demo here is worked out as a proof of concept to show that the adaptation framework 

is able to switch adaptation policies at runtime and it is also capable to orchestrate 

adaptations on different applications. Thus the adaptation policies that we listed above 

only works as a simple scenario – finding efficient adaptation policies is out of the 

research scope of this thesis. 

 

4.4 Managing the Assistive Devices 

 

Assistive devices are important in building smart environments. Those devices are 

providing valuable information about the health status of the elderly people (e.g. ECG 

(Electrocardiogram), glucose monitors), as well as the situations of the surrounding 

environment (e.g. motion detectors, gas leakage detectors). However, mostly, such 
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information is provided by separated assistive devices in their own ways. Data provided 

by the assistive devices are hard to process for further analysis, and integrating 

information from different assistive devices also appears to be difficult. 

 

Advanced, smart assistive devices are developed recently to provide easier expression of 

information and allow better post processing of the information [Braecklein, 2005]. For 

instance, Avetana is a Personal Health Record system which provides Health Telematic 

Services [Avetana, 2010]. The system supports the automatic uploading of relevant vital 

signals (weight, blood pressure, glucose level and ECG) from medical devices via 

wireless channels. In the application, a chest strap is worn by high risk patients, which 

permanently monitors the ECG signal and analyzes the signal with an intelligent ECG 

sensor. If the analysis identifies an acute, life-threatening event or other heart problems, 

the system will trigger an alarm and ECG data around the event will be sent to the data 

centre. In addition, information about a patient‟s weight, blood pressure etc. is stored in 

the data centre as an Electronic Health Record (as shown in Fig. 4.17) which is able to 

reflect the patient‟s health status in the long term. 

 

 

Figure 4.17. Sample Electronic Health Record of a Patient‟s health status 

 

Applications such as Avetana greatly improved the usability of the data from the assistive 

devices. However, in constructing ambient assisted living environments in the real world, 

there are many assistive devices to be installed, which are provided by various 

manufactures. Integrating data from these different assistive devices could best explore 
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the potential of these devices to construct a safe and intelligent environment. However, as 

these devices are using different techniques and protocols to detect, process and send data, 

communication between these assistive devices is difficult and exchanging data among 

them is a big challenge.  

 

The service adaptation system based on SOA could be a good candidate to meet the 

above mentioned challenge. By wrapping the assistive devices into service components, 

those devices could be loosely coupled together, and they may easily communicate with 

the system and exchange their data. 

 

Nevertheless, wrapping various assistive devices into services in the SOA architecture is 

no easy task. Several standards exist in processing sensor data in a formal way, e.g.  

Sensor Model Language [SensorML, 2010],  IEEE 1451. There are also research efforts 

with this specific target of developing different sensor devices into SOA architecture: An 

example is SODA (Service Oriented Device Architecture), an Alliance carried out 

between IBM and University of Florida. SODA [Chen, 2009] [SODA, 2010] aims to let 

programmers deal with devices such as sensors and actuators as services in Service 

Oriented Architectures. With its own Device Description Language, SODA converts 

hardware devices to software services with well defined interfaces. Such process is 

independent of the programming language and the computing platforms to which they are 

connected. 

 

After wrapping the assistive devices into SOA services, the context aware adaptation 

framework introduced earlier in this chapter could be extended to integrate the assistive 

devices together to set up smart environments around the elderly people. Figure 4.18 

demonstrates how to build context aware environments to link assistive devices. In the 

Assistive Device layer, different assistive devices, such as ECG, motion detectors, etc., 

are wrapped as services. In the Local Coordinator layer, data from different assistive 

devices are monitored. In case abnormal situations are detected, which could be a 

combination of data from more than one device, corresponding reactions would be 

triggered. Reactions could be either triggering the actuators in the assistive devices layer 

(e.g. turn off the heater when the temperature is high) or sending service requests to the 

Service Coordination layer (e.g. looking for emergence service when the ECG signal is 

abnormal). With such a framework, different assistive devices could be integrated within 

one ambient assisted living system. Data from different devices could be collected and 

the adaptation policy could use data from all the devices. By combing data from different 

devices and analyzing with adaptation rules, the system is able to detect and analyze and 

deduce more situations which were impossible with single assistive device. The system 

also allows more reactions when events are detected.  
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Figure 4.18 Managing Assistive devices 

4.5 Conclusions 

 

This chapter discusses the issues of carrying out service adaptations on mobile devices. 

The complexity of mobile devices and the mobile network ever increases, which makes it 

difficult to manage such systems, and carry out appropriate adaptations to improve their 

performance. Modularization could be considered as an effective approach to cope with 

the increasing complexity of the mobile devices. This chapter discusses two approaches 

for modularization: the OSGi and AOP. Though they seem to be orthogonal to each other, 

the combination of these two techniques could provide a full fledged solution to build up 

a modularized and adaptive system. 
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A generic context aware adaptation framework is presented in this chapter, which 

combines OSGi and AOP and allows to process adaptations on different granularities in a 

generic way. The adaptation framework presented in this chapter also includes a GUI to 

allow the users to change their preferences during the runtime.  

 

Experiments based on such an adaptation framework are also presented. A demo is built 

as a proof of concept. More complex applications could be built up upon the above 

mentioned adaptation framework. In such situations, more bundles would be involved, 

the adaptation policies would be more complex and rule bases might be required to 

switch between different adaptation policies.  

 

The integration of different assistive devices in ambient assisted living is also discussed. 

Through wrapping the assistive devices as services in the SOA architecture, the assistive 

devices could be managed with context aware adaptation frameworks. Data from 

different assistive devices could be aggregated together for decision making, which helps 

to better utilize the assistive devices to build up smarter ambient assisted living 

environments. 
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Chapter 5. Service 

Adaptation in Healthcare 

Community 

 
In Chapter 4, I presented a general view of the adaptation system, and showed how the 

adaptation concerns are evolving from the performance of a single device to the 

communications of the networked devices and finally moving towards the social scale 

level e.g. the welfare of a community. The last chapter introduced the service adaptations 

for connected mobile devices. In this chapter, I introduce the service adaptation in the 

community level, specifically, for the healthcare community. The mutual assistance 

community introduced in Chapter 3 is used as the target community to carry out the 

service orchestration. Service orchestration discussed in this chapter mainly focuses on 

organizing human services. A service discovery architecture for such a community and 

the semantic web service e matching techniques are discussed. Experiments together with 

a scenario are also given to show that the service activities discussed in Chapter 3, e.g. 

group activities as “participant model”, could be carried out in a real-life application.  

 

5.1 The Evolvement of Healthcare System 

 

As well known, the proportion of elderly people keeps increasing since the end of last 

century. Much effort is made which aims to build up efficient and effective healthcare 

systems to assist the elderly people living independently. As discussed in the previous 

chapters, an adaptation system for autonomous computing could be simplified as a 

system which monitors the events, analyzes the condition, and takes the corresponding 

reactions. In this view, a healthcare system could also be considered as an application of 

the adaptation system, as the function of a healthcare system is to detect changes or 
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requests (i.e. dangerous situations, etc.), and take corresponding reactions to meet the 

requirements of the users. 

 

Figure 5.1 shows the evolvement of the healthcare system, which quite follows the track 

of the evolvement of adaptation systems. Similar with the three stages of the adaptation 

systems introduced in chapter 3, the development of the healthcare system could be 

summarized as three levels/stages: 

1) The first stage is assistive device level: There is much work carried in developing 

assistive devices to assist the people in need on certain target, e.g. glucose monitoring, 

reminder services, etc. Services in this level are generally quite simple, reside in 

separated devices and are provided by different assistive devices separately.  

2) The second stage is the smart network level, where much effort is made in 

combining the assistive devices together to set up a smart environment. Services provided 

at this level are e.g. localization services, accident detection, etc.; they are provided by 

the assistive devices and mostly based on the communications between these assistive 

devices. Healthcare system at this level is more sophisticated than the previous one, and it 

is possible to provide complex services. 

3) The third stage is the community level, where different forces scattered around our 

society are integrated together to provide services to the people in need. The healthcare 

system in this level is much more complex compared with the previous two, and the 

services in the community are provided from different bodies, ranging from devices to 

human beings. The healthcare system at community level is still at its infancy stage, 

current research is mostly on connecting the assisted people with limited social 

connections, e.g. relatives, neighbours [Amigo, 2007] [Aware Home, 2008] 

[COPLINTHO, 2008]. The mutual assistance community presented in Chapter 3 is a 

blueprint in extending the healthcare system to the community level.   
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Figure 5.1 The Evolvement of Healthcare System
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The adaptations on the first two levels could be implemented with the adaptation 

approaches proposed in the last chapter by wrapping those assistive devices into service 

bundles, and coupling with the Aspect Oriented Programming, it could well take the 

corresponding reactions regarding the changes detected, thus organizing a smart adaptive 

environment. 

 

Adaptations of the healthcare systems at the community level exhibits a broader view, 

which is more focused on orchestrating the available resources to meet the requirements 

of the people who need assistance. Such a system aims to deliver services to the people in 

need in a prompt way, meanwhile also taking the perspective of the welfare of the whole 

community. In the following sections of this chapter, I will introduce the service 

orchestration of the mutual assistance community, which could be considered as a 

healthcare system at community level. 

 

5.2 Challenges of bringing human participation in Ambient 

Assisted Living systems 

 

The service orchestration at the community level aims at orchestrating all the available 

resources across the community, and provide the required service to the people in need. 

As stated in Chapter 3, the human participation is indispensible in providing efficient and 

cost effective services to the assisted people. However, there are still many challenges 

towards the implementation of such an environment. In this section, I first discuss those I 

deem to be the main challenges, the necessary steps, and then present some preliminary 

experiments in effectively delivering services which exploit human participation in 

Ambient Assisted Living. 

 

5.2.1  Dynamicity of service availability 

 

Although informal caregivers may help to reduce the needed social resources, and 

increase the social connections, they are also very difficult to be utilized, due to their 

inherently dynamic nature: the availabilities of these services are continuously changing. 

How to manage this dynamicity becomes a big challenge. 

 

Service Oriented Architecture (SOA) could be an effective approach to cope with the 

above mentioned dynamicity. SOA is a flexible, standardized architecture that supports 

the connection of various services, and as such it appears to be an ideal tool to tackle the 
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dynamicity problem. The application of SOA, such as the OSGi platform [OSGi], can 

also help to establish a framework such that various smart devices could be integrated 

together and could be automatically discovered, called, started and stopped.  The unified 

service format will also help the process of service matching. Research efforts of using 

OSGi to build safety home environment are also reported in [Aiello, 2008]. 

 

Another attractive feature of SOA can be found in recent research towards integrating 

people activities into service frameworks, which culminated in two specifications 

launched in the summer of 2007: Web Services Human Task (WS-HumanTask) [WS-

HumanTask] and WS-BPEL Extension for People (BPEL4People) [BPEL4People]. WS-

HumanTask targets on the integration of human beings in service oriented applications. It 

provides a notation, state diagram and API for human tasks, as well as a coordination 

protocol that allows interaction with human tasks in a service-oriented fashion and at the 

same time controls tasks‟ autonomy. A people activity could be described as human tasks 

in the WS-HumanTask specification. The BPEL4People specification supports a broad 

range of scenarios that involve people within business processes, using human tasks 

defined in the WS-HumanTask specification. These two specifications could help to meet 

the challenges of integrating human services in AAL systems. 

 

5.2.2  Service Mapping 

 

How to let the computer automatically map the available/requested services is a big 

challenge towards constructing effective AAL systems. 

 

The foundation for service mapping is a service description. A Semantic Knowledge 

Base is required to precisely describe the advertised services: certain ontology libraries 

describing the domain knowledge of the home-care environment should be developed 

with the interdisciplinary collaboration of the researchers in this domain. With such 

domain knowledge, conceptual models for semantic service matching could be applied. 

OWL-S [OWL-S] is currently the most used technology in this domain; it is able to 

provide a framework for semantically describing web services from several perspectives, 

e.g., service inquiry, invocation, and composition. 

 

There are several service matching tools developed for matching OWL-S services, such 

as OWL-S Matcher [Tang, 2006] OWL-S UDDI/Matchmaker [Srinivasan, 2004], and 

OWLS-MX Matchmaker [Klusch, 2005]. These tools serve as good starting points to 

investigate AAL web service matching, while more elegant and efficient matching 
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engines should be developed. Some preliminary tests of service matching in AAl domain 

will be presented later this chapter. 

5.2.3  Raising User Acceptance 

 

In [Aarts, 2007] [Aarts, 2009], the persuasiveness of ambient intelligence is discussed: in 

order to achieve human participation, AAL system should provide both trust persuasion 

and enough motivation to get people‟s acceptance. As people enter old age, they need to 

contend with the likelihood of physical and cognitive decline. In addition there may be 

psychological issues. They may become passive consumers of societal services rather 

than active creators. In so doing, their self-esteem may suffer. There is a risk that some 

AAL systems for elderly people may consider their users as people who are weak and 

need to be passively assisted by others. The technology needs to be designed and 

implemented to recognize that elderly can still make their contributions to society and 

have a wealth of valuable experience to share. The proposed mutual assistance 

community could help encourage elderly people to participate actively in group activities 

as peer participants, and possibly even to use their experiences to help the younger 

generations solve issues, for example, work and school problems [Sun et al., 2008b]. 

Such activities provide elderly people with the chance to live creatively and with greater 

self-esteem.  

 

Overcoming technical barriers 

 

Elderly people may have more difficulties getting accustomed to the application of new 

technology than younger people. In order to help them get used to the ambient assistive 

devices and “bridge the grey digital divide,” we must construct user friendly interfaces, 

and also provide appropriate training for users. Developing adaptive, straightforward, and 

multimodal human computer interfaces is a challenge in terms of the design of user 

interfaces to assisted living technologies [Kleinberger, 2007]. The issue of improving the 

ICT knowledge of the elderly people so as to include them in the information society is 

receiving more and more attention from governments, and appropriate courses are 

provided to the elderly people in many countries. It is proposed that people should be 

involved in training on how to use assistive devices before they really need it [Floeck, 

2007]. 

 

Technical barriers can be bridged when people have a strong drive to do so. Social 

connectivity is one such drive. Andreessen, former CEO of Netscape, recalled how 

people broke the technical barrier to surf online when Netscape first came to the public:  
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There was no shortage of skeptics at the time, who said that none of this would 

work because it was all too complicated. „You had to go out and get a PC and a 

dial-up modem. The skeptics all said, 'It takes people a long time to change 

their habits and learn a new technology.' [But] people did it very quickly, and 

ten years later there were eight hundred million people on the Internet. People 

will change their habits quickly when they have a strong reason to do so, and 

people have an innate urge to connect with other people. [Friedman, 2005, pp. 

62-63] 

 

In a mutual assistance community, elderly people not only benefit from keeping 

connected with other people, but also are provided with chances to make contributions to 

society, to feel that they are still useful, and to live in an active way with increased self-

esteem. Such benefits could provide our elderly people with further stimuli to break the 

grey digital divide. 

5.3 Service Orchestration in Mutual Assistance Community 

 

 

Figure 5.2 Organization of a Mutual Assistance Community 

 

In Chapter 3, I have presented the structure of a mutual assistance community, which 

aims to orchestrate the medical resources at the community level. In this chapter, I 

discuss the issues of connecting the different dwellers in this community together; the 
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techniques of publishing their request or availability of services; and the approaches of 

matching service provider and service requester.  

 

5.3.1 Integrating different services 

 

The ambition of the service orchestration of a mutual assistance community is to set up 

the software backbone, where services from human side and machine applications could 

be seamlessly integrated in the community framework. Both services from the assistive 

devices and the human services are published in a common format and automatically 

processed. 
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Figure 5.3 Structure of service integration 

Figure 5.3 shows one possible approach to realize such ambition. In the framework 

shown in Fig 5.3, services from assistive devices and human tasks are processed 

separately and later integrated together. Services from assistive devices are built as OSGi 

bundles (in OSGi, a bundle could be treated as an application or component), and 

coordinated by the OSGi gateway. Part of these services will be published directly as web 

services in the gateway, while the others will be firstly merged together into composite 

indicators to abstract higher level information and then published as web services. Such 

services are named as “virtual sensors.” 

 

On the human side, service processing is more straightforward. Human services are 

published as web services. Specifications such as WS-HumanTask [WS-HumanTask] and 

BPEL4People [BPEL4People] are efforts towards the integration of human activities into 

the service oriented application; they could help to facilitate process of publishing human 
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services. The availability to provide services, e.g. as informal caregivers, is registered in 

the service coordination center while the request from the elderly people is also posted as 

service requests. A user could be registered as a service consumer and a service provider 

at the same time, based on the type of services. For instance, an elderly person could 

request physical challenging services, while providing knowledge or experience-based 

advisory services. 

 

In the real-life implementation, there are many restrictions hindering the implementation 

of the above mentioned targets. These limitations will be presented in the following 

sections. In this thesis, I present my implementation of a simple example of service 

matching, which is based on the matching the parameter of service type and service 

provider in OWL-S [OWL-S]. The binding process after the service matching is not 

discussed in this thesis; this is because the invocation of human services normally 

requires manual confirmation, which is different with the automatical invocation the 

remote web services from computer servers. 

 

5.3.2 Architectures of Service Discovery 

 

In order to best utilize the available resources in the mutual assistance community, it is 

important to have a common way to present the available resources together with 

effective ways to discover the resources. In the Web Service Architecture technical report 

by the W3C, three leading viewpoints for web service discovery are discussed: as a 

centralized registry, as an index, and as a peer-to-peer system. 
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Figure 5.4 Centralized Architecture for Service Discovery 

 

In the registry architecture, a central authoritative registry stores and controls service 

descriptions, which are explicitly submitted by the service providers. UDDI [UDDI] is 

often seen as an example of such a service repository, though it may also be applied in 

the index architecture. Figure 5.4 shows the structure of the centralized architecture for 

service discovery. When a service requester needs services, query of services is submitted 

to the service registry. The server processes this request by matching the requirements 

with the description of the advertised service. If the server finds matched service(s), the 

matched result(s) will be returned to the service requester, so that it could invoke the 

service from the service provider. 
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Figure 5.5 The process of engaging a web service  [http://www.w3.org/TR/ws-arch/] 

 

To better illustrate the process of service discovery, and interconnection, Fig 5.5 shows 

an example of engaging a web service: 

1. The service requester and service provider "become known to each other": 

a. The provider publishes both the Web service description ("WSD") and an 

associated functional description ("FD") to discovery service (service 

registry). 

b. The requester entity supplies criteria to the discovery service to select a 

Web service description based on its associated functional description, 

capabilities and potentially other characteristics.  

c. The discovery service returns one or more Web service descriptions (or 

references to them) that meet the specified criteria.  

2. The requester and provider entities agree on the semantics of the desired 

interaction.  

3. The service description and semantics are input to, or embodied in, both the 

requester agent and the provider agent, as appropriate.  

4. The requester agent and provider agent exchange SOAP messages on behalf of 

their owners. 
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The index approach is quite similar to the registry approach; the major difference is that 

in the index approach, the service publication is carried out in a passive way: unlike the 

service providers advertising their services in the service registry, in the index approach, 

service providers do not submit their services to the service registry, instead, a server will 

automatically collect all the available services from the web to create an index of 

available services. Google is often cited as an example of the index approach.  

 

The peer-to-peer approach is an alternative that does not rely on centralized registry. It 

allows web services to discover each other dynamically. In such an architecture, a web 

service is a node in a network of peers. When a service requester needs services, the 

query of services is submitted to the service discovery. The service discovery will contact 

their neighbouring peers to find proper service: if any one of the other peers could match 

the service and replies to the service discovery, the service address of the matched peer 

will be returned to the service requester, and the searching process will be stopped. 

Otherwise, each node queries its own neighbouring peers and the query propagates 

through the network until the requested service is found or other termination criteria are 

met. In addition, in the P2P architecture, each node may contain its own indexing of the 

existing web services which are known to it. 
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Figure 5.6 Peer-to-peer Architecture for Service Discovery 

 

In the past research in ambient assisted living, most of the approaches connect the 

neighbours or relatives to constitute a small, statically defined network around the 

assisted people [AwareHome, 2008] [Amigo, 2007] [Persona, 2009]. Architectures for 

service discovery for a large community are not discussed in those projects. Healthcare 

community, e.g. the proposed mutual assistance community, has its own characteristics – 

the community size could be large and many services are provided by human beings, 

which are hard to program and manipulate in automatic way. None of the architecture 

mentioned above could well fit such a community alone for the following reasons: 
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In the application of the proposed mutual assistance community, the index approach is 

not appropriate as the service availability of the mutual assistance community is highly 

dynamic, especially when the services from the human side are included. Passively 

collecting the available service could not guarantee the service provider could actually 

provide the desired service when it is invoked. 

 

The other two approaches, the centralized and Peer-to-Peer (P2P) architecture, both have 

their advantages and disadvantages. The advantage of the centralized approach is that 

such structure is simple and efficient in execution; however, the disadvantage is the threat 

of single point of failure at the service registry. On the other hand, for the P2P 

architecture, the advantage is that there is no single point of failure, meanwhile, it also 

guarantees the available service is up to date; however, the disadvantage of the P2P 

architecture comes with performance costs and lack of guarantees of predicting the path 

of propagation. The size of the proposed mutual assistance community could be rather 

large, querying services in such a large community in P2P may generate too many 

enquires, and it is also time consuming in discovering a service in a large community. 

Especially in the healthcare community such as the mutual assistance community, many 

services are provided by human beings, enquiring service availability to a peer (in this 

circumstance, a person) also indicates interrupting that person to check for availability, 

which means unnecessary interruption. 
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Figure 5.7 Hybrid Architecture for Service Discovery 
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With respect to the characteristics of the mutual assistance community, a hybrid 

architecture shown in Figure 5.7 could be adopted to combine the advantage of both P2P 

architecture and the centralized registry. In the hybrid architecture, a small size network 

would be built around each dweller of the community, consisting of the frequent contacts 

of that person, e.g. relatives, neighbours, family doctors, etc. Up to date availabilities 

inside such a network could be guaranteed by querying the small network, while querying 

availabilities throughout the whole community would be carried out in the centralized 

service registry. The organization of service discovery in the small network is similar 

with those carried out in the peer-to-peer architecture, except for the queries to the 

service providers are directly sent to the service providers from the service discovery 

service sequentially.  

 

Once a dweller in the mutual assistance community submits a request, a local service 

discovery service tries to discover the services from the small network. Once a node in 

the network is committed to provide the needed service, the service discovery process is 

stopped, and such a service is subsequently carried out. In case no response is found in 

the small network, the request is then sent to the centralized service registry to check for 

availabilities from other community dwellers.  

 

For the implementation of the service discovery architecture in the mutual assistance 

community, though not carried out yet, the service registry will be implemented in the 

service coordination center while the service discovery will reside in the local gateway.  

In the real application, the sequence of checking the small network and the centralized 

service registry could be configured based on users‟ preference. 

 

5.3.3 Semantic Service Matching 

 

The previous section discusses the architectures for service publication and discovery; 

however, getting access to the service description is not enough in finding out which 

advertised service could provide the requested service. Semantic descriptions are required 

in describing the functions of the published and requested services; and semantic 

matching tools are required to compare the advertised and requested services.  

 

Industry efforts to standardize web service description, discovery and invocation have 

come to standards such as WSDL [WSDL] and UDDI [UDDI]. However, these standards, 

in their current form, suffer from the lack of semantic representation. The notion of 

Semantic Web services [Berners-Lee, 2001] [Li, 2003] takes us one step closer to 

interoperability of autonomously developed and deployed Web services, where a 
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software agent or application can dynamically find and bind services without having a 

priori hard-wired knowledge about how to discover and invoke them. 

 

The Ontology Web Language for Services (OWL-S) is one of the most widely used 

approaches in bringing rich semantics to web services [OWL-S] [Martin, 2004], which 

provides a framework for semantically describing Web services from several perspectives, 

for instance, service inquiry, invocation, composition. OWL-S is built upon OWL [OWL], 

which is a language for defining and instantiating Web ontologies. The OWL defines the 

classes, properties, and their instances in a hierarchical view, thus the data represented 

with OWL could be processed with semantic reasoning. The semantic reasoning of 

OWL-S is based on the assumption that the definitions of the semantic concepts/data in 

the OWL-S service, which contained in a common ontology library, are already presented 

by the OWL and is available for the reasoning tools. 

 

 

Figure 5.8 The Top Level Organization of OWL-S Service 

 

The properties contained in the description of OWL-S service are shown in Fig 5.8 

[OWL-S]. An OWL-S service is described by three main parts, service profile, service 

grounding and service model. The service profile describes the function of a service, i.e. 

what does the service provide for perspective clients, or what service is needed from the 

service requester. The other two properties define how to use the advertised service: the 

service model tells a client how to use the service. It describes how to ask for the service 

and what happens when the service is carried out. The service grounding answers how to 

interact with the service; it specifies the details of how an agent can access a service. 
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Figure 5.9  A Sample of Service Profile Attributes 

 

The service profile contains much information of a service ranging from the service 

categories, service parameters, etc. Fig 5.9 [OWL-S] shows an example of the attributes 

that are included in the service.  However, in the algorithms for semantic service 

matching, the matching result between the advertised and requested services are based on 

the comparison of the inputs and outputs (as marked in the red box in Fig 5.9) in each 

service [Paolucci, 2002]. 

 

 

Figure 5.10 Algorithm for output matching  
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Figure 5.10 shows the algorithm for output matching, and the input matching are carried 

out in the similar approach [Paolucci, 2002]. Both output and input are represented by the 

ontology predefined in the OWL library, so that semantic reasoning could be carried out. 

 

The comparison of the inputs and outputs in the advertised and requested services are 

carried out by the semantic reasoning tools, which may obtain a match degree between 

the compared concepts. In such a process, Description Logic (DL) reasoners are used to 

match the relationships of two concepts. Various DL reasoners are developed, e.g. 

RACER [RACER], Pellet [Pellet], OWLJessKB [OWLJessKB]. Those reasoner tools 

firstly parse the ontology library to create a knowledge base and classify the knowledge 

base to compute the inferred hierarchy of the ontologies listed in the ontology library, and 

then reason over the knowledge base to extract the relationships between the two 

concepts being compared. 

 

The Description Logic reasoners are the core of semantic web service matching tools. 

The general process for semantic service matching is as follows: 

1) Extract the service profile from the web service description of advertised and 

requested services. Extract the inputs and outputs used in the profile. 

2) Match the inputs and outputs between the advertised and requested services using 

Description Logic reasoner. 

3) Get the matching relation between the advertised and requested services in inputs 

and outputs respectively. Compare the received results with the requirement, and 

return the final result of the matching process. 

 

There are some service matching tools developed for matching OWL-S services, such as 

OWL-S Matcher [Tang, 2006], OWL-S UDDI/Matchmaker [Srinivasan, 2004], and 

OWLS-MX Matchmaker [Klusch, 2005]. A review of these semantic service matching 

tools is summarized in [Georgantas, 2006]; the main drawback of these tools is that the 

matching process takes a large amount of time, which restricts the application of these 

tools in matching requested service from a large number of advertised services.  

 

Although more elegant and efficient matching engines should be developed in solving the 

above mentioned challenges, in the current stage, these tools serve as good starting points 

to investigate web service matching. In the remainders of this chapter, OWL-S Matcher is 
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used to build up a proof-of-concept application of the semantic service matching in the 

proposed mutual assistance community. 

 

5.3.4 OWL-S Matcher 

 

OWL-S Matcher [Tang, 2006] is a JAVA implementation of a matching algorithm for 

matching requested and advertised OWL-S services by comparing service descriptions. 

The OWLJessKB reasoner is embedded in the OWL-S Matcher to execute the matching 

process. After manually loading the advertised and requested services, the user sets their 

minimum requirements for the matching degree on the inputs and outputs respectively. 

The inputs and outputs from these two are reasoned by the OWLJessKB reasoner, and the 

matching results are compared with the user‟s requirement. A final result is then 

produced after such comparison. 

 

The matching degree is an essential part in the OWL-S Matcher [Jaeger, 2004]; it 

represents a similarity degree between requested and advertised services. By providing 

the matching degree of the assigned ontology, the relationship between the requested and 

advertised services can be obtained. Let A and B denote two concepts of ontology in the 

requested and advertised services. The matching degree, in other words, the relationship 

between A and B could be defined as in Table 6.1: 

 

Table 6.1. Matching Degree 

Rank Degree of
match

Explanation

Fail

Unclassified

Type_invert

Type_subsu
mes

Match

The requested and advertised

class do not match.

At least one of the classes

is unclassified.

The class in the advertised

service is a sub-class of the

one in the requested service.

The class in the requested

service is the sub-class of the

one in the advertised service.

The requested and

advertised class match.

0

2

3

4

1
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The OWL-S Matcher allows users to set their own requirements of the matching degree 

between the advertised and requested services. Even the advertised and requested 

concepts are not exact match, if the user accepts the difference degree, the final results of 

the two services can still be considered as match. Such options can help to remove the 

expression difference on service description and increase the chance of finding 

appropriate services for the service requester. For example, a service request for a 

“laptop” may be fulfilled by a “Macbook”. In the following Experiments Section, I will 

give a more detailed example of how to carry out semantic service matching in the 

mutual assistance community with the OWL-S Matcher tool. 

 

5.4 Experiments 

 

The experiment is carried out as an example to show the semantic service matching 

among the proposed mutual assistance community [Sun, 2007c]. One major characteristic 

of the services in the proposed mutual assistance community is that all the dwellers of the 

community are encouraged to provide their services when they are able to, which brings 

various categories of service providers. The service matching process is aware of such 

characteristic, and focuses on the comparison of the Service Type (indicating the function 

of a service) and Service Provider (indicating the service organization). 

  

In the experiments, some primitive hierarchical ontology is constructed to represent 

different service types and different service providers. Web services are also constructed 

representing requested and advertised services respectively. The mapping process 

between the requested and advertised services is executed to test how the different 

degrees of mapping could be obtained. 
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Figure 5.11 Hierarchical Classes in Protégé 

 

Figure 5.11 illustrates some primitive hierarchical concepts that were built in Protégé 

[Horridge, 2004], which work as the ontology library for the service matching experiment. 

The concepts described in the ontology library are made up by two main classes: Service 

Type and Service Provider. The Service Type concepts define a series of services in 

people‟s daily lives, such as educational, healthcare, etc. The services displayed in Fig 

5.11. are defined in a brief way which are only used for the demonstration purpose; a 

much larger and more detailed ontology library should be developed when carrying out 

the application into a real community. Services are categorized as different type of 

services in the Service Type concepts, those concepts are built with hierarchical view, 

which could help to find alternative services when exact match is not available. For 

example, Garden Service is a subclass of the Home Service, if a requester for Garden 

Service can not find an exact match, the Service Provider who provides Home Service 

may also be considered as match, if the user so allows. 
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The Service Provider concepts indicate the provider of service, e.g. formal provider, 

informal provider, etc. The concepts of Service Provider also implicitly reflects the 

format of how a service is organized. As introduced in Chapter 3, dwellers in the mutual 

assistance community are encouraged to make contributions as informal service providers, 

e.g. volunteers; a “participant model” is also introduced in encouraging people to 

participate group activities as peer participants. In the semantic service matching process, 

service providers or requesters may specify how the service activities are organized by 

specifying appropriate service providers. E.g. choosing a Service Provider as Informal 

Provider indicates the service will be provided by informal service provider, while 

specifying it as Participant means that the service will be organized as group activity. 

 

 

Figure 5.12  Excerpts from the Advertised Service in OWL-S 

 

After the definition of the hierarchical classes, the advertised and requested services are 

written in OWL-S using the classes in Fig 5.11. Both services are very simple and only 

specify the Service Provider and Service Type. In the requested service, the requester is 

asking the informal provider to provide some indoor entertainment service. In the 

advertised service, the service provider is indicated as informal provider, and the 

available service is indicated as entertainment service. 
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Figure 5.12 shows a fragment of the advertised service in OWL-S. The #Informal 

Provider and #Entertainment ontologies are declared in the my_ontology.owl file, which 

defines the ontology in Fig 5.11. The service provider and service type are specified as 

inputs and outputs of the service. The service matching process will be carried out by 

comparing the service provider and service type of the compared services.  

 

Setting Matching

Requirements

 
Figure 5.13 OWL-S Matcher Interface and Matching Result 

 

Figure 5.13 shows the experiment running with the OWL-S Matcher. Firstly, the 

advertised and requested services are loaded respectively, and then the user‟s 

requirements on the matching results are specified. In the case shown in Fig 5.13., the 

acceptance degree for the input (Service Provider) is selected as „Match‟; while for the 

output (Service Type), the acceptance degree is „Type_subsumes‟. 

 

The matching result is shown in the central right window in Fig 5.13. It indicates that for 

the input (Service Provider), the matching result is “Match”. That is because in both 

advertised and requested services, the input is exactly the same (in this case, they are set 

as Informal Provider). This result meets the minimal expected degree. Meanwhile, the 
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matching result of the output (Service Type) also meets the expectation, thus the final 

result for this matching process is “Match”.  

 

 

Figure 5.14 Matching Result II 

 

Figure 5.14 shows the matching results after the selection of the minimal expected 

degrees. It can be seen that the input matching result “Match” still meets the expect 

degree “Type_subsumes”; while for the output, the result “Type_subsumes” can not meet 

the expected degree “Match”, so that the final result for the output matching is “Fail”. 

 

The experiments shows that through the OWL-S Matcher, the matching process between 

the advertised and requested services could be effectively executed. Relationships 

between the requested service and those advertised could be achieved in the matching 

process. Service requesters could set different expected matching degrees for the required 

service. By separating the service function (Service Type) and service organization 

(Service Provider), the requester could specify different acceptance degrees on function 

and organization, which not only increases the flexibility in the matching process, but 

also help to find alternative  services when exact match is not able to achieve.  

 

By listing the Service Provider as a key target of the service matching process, service 

activities could be carried out with various forms proposed in the mutual assistance 
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community, e.g. providing the service as informal caregivers as well as organizing group 

activities where the elderly people could join as peer participants. 

 

5.5 Scenario 

 

To better illustrate the functions of our proposed mutual assistance community, I will use 

a scenario to explain how the community organizes group activities [Sun, 2007]. 

 

Scenario: Participation in Group Activities 

 

Mary is 70 years old and lives alone in Antwerp. In the afternoon of a sunny day, Mary 

wants to take a walk in Middelheim Park, which is close to her home. She wants to have 

somebody accompanying her during her walk. Mary decides to use the mutual assistance 

community to find someone who also wants to walk in the park. She switches on the TV, 

which is the graphical interface of the mutual assistance community. She navigates the 

service menu, which is built as an ontology tree, and selects the “Group Activity”. A few 

photos will be presented to her, representing group activities such as chatting, exercising 

together, etc. Mary chooses the symbol for walking and types in the location where she 

wants to hold this event as “Middelheim Park”. For the service organization, Mary 

chooses to receive service from peer “participants”, specifies the deadline as “today, 

8pm”. 

 

After these inputs, the service matching engine starts searching for the appropriate 

services. The service matching engine is located in the service matching center. Available 

services are advertised in the service matching center which then produces a list of 

available services, and ranks them by their relevance to the users‟ requirements. The 

settings for the search, translated from the requirements of Mary are as follows: 

Required Service: Walk with someone. 

Location: Middelheim Park, Antwerp. 

Deadline: 8pm, 1
st
, August, 2007.  

Service Form: Participant of Group Activities. 
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Figure 5.15 A Scenario of Organizing a “Participant Activity” 

 

Unfortunately, the service matching engine could not find a matched or similar service 

for Mary, so it will notify Mary that no matched services/requests are found. 

Nevertheless, the request from Mary is still kept in the service center until the deadline 

arrives. 

 

Luckily, some minutes later, Kate submits a similar request, which is also displayed in 

Fig 5.15. This time the system finds that Kate‟s request is similar to the one from Mary. 

The degrees of match on different criteria are shown in Table 6.2. 

 

Table 6.2 Service Matching 
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The screen in Mary‟s interactive TV will notify her that it is now possible to meet her 

request: “Kate initiated a walking activity in some park (includes Middelheim Park) by 

7pm today; if you agree to take this group activity with Kate, press the confirm button 

and we will forward Kate your contact information.”  

 

Mary agrees to join this activity and presses “confirm”, while Kate also confirms the 

participation of Mary, agreeing on Middelheim Park as an acceptable venue. Their 

contact information is then displayed on their TV screens respectively, they call each 

other to confirm the time and place to meet, and later have an enjoyable time walking in 

the park together. 

 

In this scenario, Mary and Kate take the group activity – walking in the park – together. 

No additional help is required to meet their requests, so that social resources are 

effectively saved, and they also avoid the possible frustration of having to be taken care 

of by others. Figure 5.15 illustrates the actions taken in this scenario; the numbers 

displayed indicate the steps of the indicated action, the indicator “NA” means “not 

available”.  

 

The above mentioned scenario is not yet implemented in the real-world application: in 

order to implement the mutual assistance community and bring such a scenario into real-

life, advanced human computer interfaces need to be developed to facilitate the publish 

and request of web services. The elderly people should also be trained to use the ICT 

devices and reduce the so-called “gray digital divide” [Soar, 2011]. 

 

5.6 Conclusion 

 

This chapter introduces the service adaptations in a broad view – the perspective of 

community level. The healthcare system is evolving from the separated assistive devices 

to the networked environment, and finally moving towards the organized social 

community. The proposed mutual assistance community envisaged such evolvement, and 

this chapter discusses the service adaptation in the mutual assistance community. Service 

adaptation in such a community is mainly about orchestration the community resources, 
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discovering the available services and providing them to the requested people in prompt 

way.  

 

Semantic service description, discovery and matching techniques are introduced in this 

chapter, which help to discover and utilize services inside a community. A hybrid service 

discovery architecture, which combines the advantage of both service registry 

architecture and the peer-to-peer architecture for service discovery, is proposed for 

discovering services in the mutual assistance community. The general process of using 

OWL-S service for semantic service description and matching are also introduced in this 

chapter.  

 

Experiments on semantic service matching in the mutual assistance community are 

carried out using the OWL-S Matcher. The results demonstrate that the various service 

models in the mutual assistance community, e.g. informal caregiver services, “participant 

model”, could be carried out through semantic service matching. The experiments of 

service matching shown in this chapter are carried out by comparing the service provider 

and service type, other metrics e.g. the location of the service provider/requester, etc., 

should also be taken into account in the real-life implementation. A scenario is also 

presented which shows how complex service matching to organize group activities 

carried out by peer participants is possible in real-world application.  
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CHAPTER 6. Conclusion 

and Future Work 

 
This thesis discussed issues of service adaptation for networked devices and its 

application in Ambient Assisted Living environment. Digital mobile devices are widely 

applied nowadays, which are often connected together as a digital network. Meanwhile, 

the users of these mobile devices are also interconnected, constituting different social 

networks. Studies on service systems, which are about dynamic configuration of people, 

technology and shared information, exist everywhere in our daily lives. Such studies aim 

to deliver better services to the end users by developing new structures for service 

delivery. This thesis introduced one of such efforts in the Ambient Assisted Living 

Domain. It introduces the emerging service science and service system engineering in 

Chapter 2; the mutual assistance community – a service system for ambient assisted 

living to help the elderly people independently living is introduced in Chapter 3. Chapter 

4 and Chapter 5 introduce respectively service adaptations for the mobile application and 

the service orchestration in the mutual assistance community. 

 

This thesis presented much preliminary research towards building up a mutual assistance 

community for the ever increasing elderly population. The demographic change is 

happening within Europe and elsewhere, which poses great challenges to the 

governments in economical and social concerns. Much effort is carried out to tackle with 

these challenges. As an example, in Europe, the Ambient Assisted Living (AAL) Joint 

Program was launched to provide innovative ICT solutions to help the elderly people 

living independently.  

 

Much research is being carried out using assistive devices to build safety environment for 

assisting the elderly people. However, the importance of social interactions is not 

attracting much attention until very lately. The concept of mutual assistance community 

presented in this thesis uses the concept of service system to orchestrate the resources and 

services inside a community. In such a community, social interactions between the 
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assisted people and the outside world are much emphasized and play a central role. The 

elderly people are not simply treated as persons who are passively receiving help, rather 

than that, they are also able to provide help to the younger generation, e.g. with their 

knowledge. Such possibilities could help the elderly people living in active way. 

Meanwhile, their valuable knowledge is still an asset of the society.  

 

 

Figure 6.1 The Social Interaction Context of the elderly [AAL, 2009] 

 

The concept of improving social interaction of the elderly people presented in this thesis, 

which brought out since 2006 [Sun, 2006], was coincidently highlighted in the Ambient 

Assisted Living Joint Programme Call for Proposals 2009 [AAL, 2009]. The proposal 

focused with the topic of “ICT based solutions for Advancement of Social Interaction of 

Elderly People”. It considered that the elderly people want to live independently and 

meaningfully, meanwhile also respected them for their valuable experience. It was stated 

that “Elderly people want to perform meaningful activities, and many older people have 

valuable resources, and can significantly contribute to society. It was also suggested “the 

networks of a lifetime can be maintained or reestablshed through involvement in common 

interest groups, in conjunction with the use of technical services”.  

 

The experiments carried out in this thesis are my efforts towards the implementation of 

the mutual assistance community. Implementing the proposed mutual assistance 

community in real-life is a huge task which requires contributions from many related 

parties, e.g. user community, hospital, technical providers. The mutual assistance 

community proposed in this thesis is not yet implemented in real-life due to the 

restrictions of resources and certain constraints in technological aspects. Nevertheless, the 

preliminary simulation results validate its main concept and demonstrate the efficiency of 
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such a community. Preliminary scenario based on web service matching also shows that 

such a community is able to organize group activities and effectively save the social 

resources. According to the experiments carried out in this thesis, a context aware 

adaptation framework is mature to orchestrate the assistive devices to construct a smart 

environment, while the semantic matching service currently demonstrates a possibility, 

but still requires more work before its application in a real-life community. 

 

The contribution of this thesis is not focused on implementing an AAL system, rather, it 

is to raise the awareness of our society on the demographical challenges we are facing, 

propose innovative solutions to tackle this challenge, take preliminary validation of the 

proposed solution, and call for related parties to work together to meet the challenges.  

 

Future Work 

 

Implementing the proposed mutual assistance community in real-life requires close 

collaboration between all involved parties. Figure 6.2 portrays the technologies I 

envisaged to be necessary to build mutual assistance community or other effective 

Ambient Assisted Living systems.  
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Figure 6.2 Technologies to Construct Mutual Assistance Community 

 

Smart assistive devices are still important and are required to work as the essential blocks 

to build up safety environment around the assisted people. In order to best play their 
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functions, at least some of those devices should be connected to the web allowing the 

easy transmission of data. Such requirements could be met by manipulating the devices 

with service oriented computation. As presented in Chapter 4, coupling with the Aspect 

Oriented Programming (AOP), the Service Oriented Architecture (SOA) system can 

flexibly organize the devices, monitor the changes and take corresponding adaptations.  

 

Service Oriented Architecture is the approach to orchestrate the services inside the 

mutual assistance community; it is not only used to organize the assistive devices, but 

also for representing services from the human side. Specifications of human task 

computation (e.g. BPEL4People) could help to represent human services in SOA, and 

finally integrate them with services from device side.  

 

Semantic description and matching technologies are crucial in the service orchestration of 

the mutual assistance community. In Chapter 5 of this thesis, an example is presented in 

matching between a web service requester and a web service provider. However, such 

implementation still has a long way to go before it could effectively play its role in a 

living mutual assistance community. Constraints of service description and matching 

mainly come from two aspects:  

Firstly, certain constraints exist in representing services or requests in the mutual 

assistance community. Common ontology libraries for the AAL domain should be 

developed by the related parties, so that different parties could define their 

services/requests using same ontology. Ambient assisted living is a big domain; it is 

difficult to define a single common ontology library including all the needed ontology. 

This is because such a library would be extremely huge, thus it would be difficult to get it 

standardized and be used by different projects. Meanwhile, developing a huge monolithic 

ontology library will also be hard to maintain and extend. A feasible solution is to break 

down the AAL domain into a set of sub-domains, which allows users to flexibly deploy 

their requested libraries and reuse the existing ontology.  

Secondly, the efficiency of the semantic service matching tools require further 

improvement to enable such tools to reason upon large amount of advertised and 

requested services in a short time. The existing matching tools take rather long time for 

the process of service matching. In the application of community level, the service 

matching center needs to process a large quantity of service matching: not only need to 

process large quantity of services, but also need to compare each request to a large 

amount of available services. In this thesis, experiments have been carried out using 

OWL-S to represent human services and use OWL-S Matcher to match the required and 

advertised service. Such a method is not scalable in execution speed: a real life mutual 

assistance community would be comprised of tens of thousands of services, loading these 

services one by one and compare them to the required service would take extremely long 
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time. An option would be building up specific ontologies to describe the required and 

advertised services, store the related information (availability or request) in triple store or 

even relational database. SPARQL [SPARQL, 2008] query could be executed on the 

triple store to select a limited set of candidates. Complex semantic rules could thereafter 

be applied on the selected candidates to generate the final results. With such an approach, 

the time consumption could be significantly reduced. 

 

Some other technologies such as virtual reality and adaptive human computer interface 

are necessary in building up a user friendly interface for the elderly to access such a 

system. In [Sun, 2008a], possibilities of implementing the mutual assistance community 

in the form of virtual community and create inter-reality communication are discussed. 

Other studies of investigating and increasing the user‟s acceptance of such a community 

should also be carried out. 

 

In conclusion, the scale of adaptation systems are expanding, orchestrating system 

resources as services could help to efficiently utilize these resources. The mutual 

assistance community presented in this thesis shows a vision of service orchestration at 

the community level for the elderly people. Constructing the Ambient Assisted Living 

System with the perspective of community level could help to greatly save the social 

resources, at the same time, also helping the elderly people live in an active way. 

Although the proposed mutual assistance community in this thesis is not implemented as 

real life application, some original concepts proposed in this thesis are now appearing in 

other AAL projects, and more concepts in the proposed mutual assistance community 

would be implemented in near future. 
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