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Abstract
The era of mobile communications and mobile services has begun. The ongoing mobile revolution
has dramatically and fundamentally changed our daily lifestyles, and it will continue to do so in a
foreseeable future. For the next generation, mobile service end users have more demands for such
services. This thesis examines the challenging user perspectives in designing and developing high
value added mobile services. The aim of this research is to develop reference models and elicit user
requirements for 3G and beyond mobile services in order to improve the quality of mobile services.
This thesis first examines the existing architectures and models for high value added mobile
services, followed by the contributions of the thesis. In this thesis, a Cyberworld model, which is a
contribution to the WWRF reference modeling initiative and a specification of the WSI reference
model, was developed and it serves as a basis for 3G and beyond mobile services design and
development. A series of definitions of the Cyberworld model and a roadmap of the enabling
technologies were also built up. The emphasis of this part is on how to describe and model user
participation in mobile services. For this purpose, a model of the communication element to represent
the components of the wireless world was created. Both static and dynamic reference modeling steps
were established to better describe and understand user participation in mobile services. The
validation was achieved through the CyPhone navigation mobile service. In order to enhance mobile
service mobility, personalisation, and security, an ontology based model was developed to extend the
Cyberworld model functionalities. The innovative ontology based mobile system will greatly
increase service mobility, personalisation and security, thus improving the quality of mobile services.
The ontology based model was illustrated and validated using a healthcare mobile service.
A Quality Function Deployment (QFD) approach was adopted in this research in order to elicit,
weigh and prioritise actual user requirements and link them to technical design requirements of
mobile services. Traditionally QFD is employed in manufacturing industry. This approach is now
extended to the mobile service industry for the first time. In this thesis, a detailed step by step QFD
approach was proposed for designing high value added mobile services. As a result, the developed
mobile services will better meet users' wants and needs which also means that the quality of mobile
services will be significantly improved. The QFD approach was validated through a mobile elearning service and another dedicated healthcare service for senior citizens.
Through development of reference models and examination of user requirements for 3G and
beyond mobile services from user perspectives, this thesis contributes to the design and development
of high value added mobile services.

Keywords: 3G, mobile service, ontology, personalisation, quality, quality function
deployment, reference model, user requirement, value added

“Much learning does not teach understanding”, On the Universe.
Heraclitus, Greek philosopher (540 BC - 480 BC).
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Introduction

“With advanced mobile communications technology, people are able to keep in
touch no matter where they are, that means the bonds that keep our family
together remain strong, now and ever more!” (NTT DoCoMo 2002). These were
the concluding words of an NTT DoCoMo 2010 mobile service scenario. More
and more exciting mobile services will emerge in the next few years. According
to the Yankee Group, the number of mobile service users had reached 1.8 billion
by the end of 2006 and will exceed 2.4 billion by the end of 2009 according to the
current growth rate. Besides mobile telephony services, mobile data services will
also grow in most mobile carriers’ profit margins. In 2002, data services
accounted for only 8.5% of total operator revenue. In 2007, the Yankee Group
predicts that mobile data services would have grown to over 25%. In the AsiaPacific market, one third of all revenue is expected to be data-driven. (Yankee
Group 2006.)
However, in line with the fast growth rate of the mobile device industry, there
is a growing demand for mobile services which are more value added service than
simple mobile telephony service. Value added mobile services include, for
example, mobile blogging, mobile search, mobile positioning, mobile music,
mobile advertisements, mobile payment, mobile TV. It is therefore a major
challenge to design and develop the next generation mobile services, or beyond
third generation mobile services (B3G), or the fourth generation (4G) mobile
services, in order to maximally meet mobile users’ wants and needs. Looking into
user satisfaction in mobile services, to develop reference models for high value
added mobile services, and to improve the quality of mobile services, will be the
main themes of this thesis.
1.1

Terminology

Here I will offer the definitions of the key terms used in this thesis. These terms
are service, mobile service, 3G mobile services, quality, reference model,
architecture, quality function deployment, ontology, and personalisation.
–

Service: There is a large amount of definitions of what is a service. Ferguson
& Huston (1998) interpret the term service as used in general to describe
something that is offered to the users of any networked system. Lewis (1999)
defines a service as an abstraction over the enterprise network and as being
19

–

–

–
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composed of components. The reference model of Open Distributed
Processing (ODP) defines a service as a function provided by an object at a
computational interface (ISO 10746-2). In Intelligent Networks (ITU Q.1202),
services and service features are with units of service functionality which are
referred to as service independent building blocks. ITU-T Rec. Y.1241
defines a service in an IP environment (IP based service) as “a service
provided by the service plane to an end user (e.g., a host [end system] or a
network element) and which utilizes the IP transfer capabilities, and
associated control and management functions, for delivery of the user
information specified by the service level agreements.” Because this thesis
studies reference models and architectures of mobile services, a more
appropriate service definition is the Service-Oriented Architecture (SOA)
definition, which is “A service is a function that is well-defined, selfcontained, and does not depend on the context or state of other services.”
Mobile service: “A radio communication service between mobile and land
stations, or between mobile stations.” (NTIA definition). However, this
definition does not fully capture the unique characteristics of next generation
mobile services. In this thesis, a more appropriate definition would be: A
mobile service is a service that is available through mobile radio access at
anytime and anywhere, possibly through heterogeneous mobile devices. In
this definition the keywords anytime, anywhere and heterogeneous mobile
devices represent the demanding user requirements for next generation
mobile services.
3G mobile services: 3G mobile services refer to third generation mobile
services and they follow the first generation (1G) and second generation (2G)
mobile services. 1G services were analogue voice services with no data
services. 2G services were digital voice services with one-way data
transmissions only. IEEE defines 3G mobile services with a number of
features such as superior voice quality, enhanced multimedia and broadband
data services, up to 2Mb/s always on data, and enhanced roaming. 3G
mobile services care about not only high speed data rates, but also about
convenience and speed of access. In this thesis, the research emphasis is on
3G and beyond mobile services.
Quality: The meaning of the term quality is very broad. Quality means
different things to different people. Juran (1998) defines quality as “Quality is
fitness for use.” Crosby (1980) defines quality as “Quality means
conformance to requirements.” Gitlow et al. (1989) include expectations in

–

the definition for quality for products or services being delivered 1) meets
customer standards, 2) meets and fulfils customer needs, 3) meets customer
expectations, and 4) will meet unanticipated future needs and aspirations.
Hunt (1992) summarized quality definitions as 1) customer based definition:
fitness for use, meeting customer expectations, 2) manufacturing based
definition: conforming to design, specifications, or requirements. Having no
defects, 3) product based definition: the product has something that other
similar products do not that adds value, 4) value based definition: the product
is the best combination of price and features, and 5) transcendent based
definition: it is not clear what it is, but it is something good... All the above
definitions of quality are relevant to this thesis. However, in
telecommunications the term quality is commonly used in assessing whether
the service satisfies the user’s expectations (Gozdecki et al. 2003). Therefore
in this thesis a more relevant quality definition for mobile services would be
the definition from ISO 8402 which defines quality as “The totality of
characteristics of an entity that bear on its ability to satisfy stated and
implied needs.” This research contributes to the design and development of
next generation mobile services that will meet users’ stated and implied needs,
thus improving the quality of mobile services.
Reference model: “A reference model is an abstract framework for
understanding significant relationships among the entities of some
environment, and for the development of consistent standards or
specifications supporting that environment.” (OASIS definition.) A reference
model represents a general solution to a particular class of problems in a
specific domain, and usually follows a commonly agreed system architecture.
A reference model is based on a small number of unifying concepts, and may
be used as a basis for education and explaining standards to a non-specialist.
A reference model is not directly tied to any standards, technologies or other
concrete implementation details, but it does seek to provide common
semantics that can be used unambiguously across and between different
implementations. For mobile services, reference models are particularly
useful because they point to emerging common features and define common
terms for the wireless world with a focus on interoperability and
standardization. A reference model also specifies the logical structure of the
external interfaces to the other systems. This too is important for mobile
services because the interfaces and interactions between components and
21
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functionalities in the service are of vital importance for a successful mobile
service.
Architecture: According to Merriam-Webster dictionary the term architecture
has a number of meanings such as “1) the art or science of building;
specifically: the art or practice of designing and building structures and
especially habitable ones; 2) the manner in which the components of a
computer or computer system are organized and integrated.” In this thesis, the
term architecture is used to refer to structural elements of a mobile
communication system together with their internal and external properties
and relationships. In this thesis a number of architectures for mobile services
will be built up.
Quality function deployment (QFD): QFD can be credited to Professor
Mizuno, and it was introduced in the early 1970s to help design super-tankers
in Mitsubishi’s shipyards in Kobe, Japan. Its original Japanese designation
comes from hin shitsu ki no ten kai, a phrase coined by Dr Yoji Akao in the
1960s (Akao 1990). “QFD is an overall concept that provides a means of
translating customer requirements into the appropriate technical
requirements for each stage of product development and production.”
(Sullivan 1986.) QFD is also defined as a quality based method for increasing
customer satisfaction and value with products and services by translating the
Voice of Customer (VOC) into design specifications and implementation
instructions, ensuring that the organization will carry them out and give
customers what they will pay for. Its power lies in the fact that it lays bare an
organization’s processes and how these processes interact to create customer
satisfaction and profit (Raynor 1994.) QFD has been widely applied in the
products and manufacturing industries, for example, machine building,
consumer products, food and beverage, automobile and aerospace industries.
However, very few QFDs have been done so far on the service industry. In
this thesis, the QFD approach is extended to design and development of
mobile services for the first time. QFD includes typical modeling and
measurement practices. Detailed QFD case studies on mobile services are
presented in Chapters 4 and 5.
Ontology: An ontology is an explicit specification of a conceptualisation of a
knowledge domain. (Gruber 1993a.) The term is borrowed from philosophy,
where an ontology is a systematic account of Existence. In the context of the
information and knowledge world, ontologies are content theories about the
sorts of objects, properties of objects, and relations between objects that are

–

1.2

possible in a specified domain of knowledge. They provide potential terms
for describing our knowledge about the domain. (Chandrasekaran et al. 1999.)
An ontology based approach is a proven alternative for intelligent
information and knowledge management to exchange, share and reuse the
relevant information and knowledge. In this research an ontology based
model was developed where information is modelled and stored so that it can
be shared across application domain boundaries without the need to know to
whom, where or how the information is going to be used. The ontology based
model will greatly enhance service mobility, personalisation and security of
high value added mobile services. The ontology based model is presented in
Section 3.3.
Personalisation: Motorola defines personalisation as: “Personalization is
about providing unique and intuitive experiences with a user’s devices. It
requires understanding a user’s individual preferences while providing the
appropriate interaction modalities, applications, services and content.”
(Motorola 2006.) Personalisation requires technologies that are adaptive and
dynamic, so that day after day devices can learn what users like to do.
Motorola classifies personalisation into three groups: user interaction
personalisation, content personalisation, and applications and service
personalisation.
Research motivation and objective

In 2002, Japan’s largest mobile phone carrier NTT DoCoMo published a video
called vision 2010 which depicted a number of highly desirable mobile services
for the coming years. Since then I have been interested in research on the mobile
service industry. However, one challenging problem in the design and
development of 3G and beyond mobile services is how to meet end users’
requirements, i.e., how to attain customer satisfaction. In the telecommunications
world, customer satisfaction means quality. According to International Standards
Organization (ISO) 8402, quality is “the totality of characteristics of an entity that
bear on its ability to satisfy stated and implied needs”. As stipulated in ISO
9001:2000, the requirements for quality management systems are to consistently
provide a product or service that meets customer and applicable regulatory
requirements, which aim to enhance customer satisfaction. Therefore for a high
quality mobile service, it is crucial to fulfil customer satisfaction by identifying
customer requirements and built them into the service itself. The ISO 9001:2000
23

also requires documentation of customer requirement information collecting and
customer satisfaction measurement. The QFD approach is used for this purpose in
this thesis.
A question is why should we study customer satisfaction in mobile services?
There is a wide range of justifications for enhancing customer satisfaction. For
economic justification, satisfied customers exhibit longer and high lifetime value
because they serve as advocates winning over more customers. It is also cheaper
to keep customers satisfied than to replace them. Customers are also willing to
pay more for higher quality services. For quality justification, customer
satisfaction means quality. Customer satisfaction can be used to measure quality.
Customer satisfied mobile services mean high quality mobile services. Thus
enhancing customer satisfaction will significantly improve the quality of the
mobile services.
In order to enhance customer satisfaction in high value added mobile services,
it is important to follow a systematic approach from the very beginning, i.e., from
the initial design of mobile services. In fact, a good design can save money and
time down the road by avoiding expensive mistakes. A good design also means
quality improvement effort from the initial stage of design and development. The
motivation behind this research is to improve the quality of mobile services by
listening to the actual needs of mobile service users, and by examination of the
design issues of mobile services. As pointed out by Crisler et al. (2002), studying
the user is the only way to ensure that the future wireless/mobile world meets and
exceeds the expectation of people in the coming decades. There are a number of
EU research projects which include research from the human perspective in the
wireless world; for example, the Wireless World Research Initiative (WWRI)
project and Wireless Strategic Initiative (WSI) project. A major international
premier wireless research forum is the Wireless World Research Forum (WWRF)
(http://www.wireless-world-research.org.) A research group has been established
to investigate the wireless world from a human perspective, working group 1:
Human Perspective and Service Concepts. Based on an understanding of the
human perspective, the second working group examines the underlying mobile
service architectures and models and it is called the Service Architecture group. In
this thesis, the main part of the research was done in the WWRI and WSI projects,
and the author is involved in the research work of the WWRF working groups 1
and 2.

24

The objective of this research can be summarized as:
The main objective of this research is to improve quality or enhance user
satisfaction in high value added mobile services from the user perspective.
This is achieved by listening to the actual user needs and proposing a
systematic quality approach to build these user needs into mobile services, by
proposing novel reference models and reference modeling approaches to best
describe generic solutions to 3G and beyond mobile services, and by
developing novel architectures and personal data management approaches to
improve the mobility, personalisation and security levels of 3G and beyond
mobile services.
1.3

Research hypotheses and research questions

The initial research hypothesis is as follows:
It is possible to improve the quality of high value added mobile services from
the user perspective through a series of approaches and methodologies in the
design and development process.
In order to justify the initial hypothesis and carry out further detailed research the
initial hypothesis is further broken down into the following sub-hypotheses.
I

It is possible to improve quality of mobile services by listening to the users’
wants and needs, and to build these wants and needs into the mobile services.
In fact, quality is a very broad and subjective term. However, meeting end
users’ requirements for customer satisfaction is one of the most important
quality criteria. In the mobile service industry it is of crucial importance to
carefully consider user requirements as customer satisfaction is directly
related to the service quality and service market. The thesis examines both
generic user requirements for 3G and beyond mobile services, and specific
requirements for some selected mobile services. In order to build these
requirements into the services, QFD is proposed as a systematic approach for
weighing, prioritising, and translating the requirements. The QFD approach
was examined in two case studies and proved to be very efficient for
translating user requirements into technical design requirements of mobile
services. It is believed that the quality of mobile services will be significantly
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improved by listening to the voice of the customer, or the end user
requirements.
II

It is possible to improve the quality of mobile services by finding a general
solution (generic reference model) to a particular class of problems in high
value added mobile services.
In this thesis, the general solution refers to the reference models and reference
modeling approaches. A particular class of problems refers to the
identification, standardization and interoperability of common features in 3G
and beyond mobile services. In this thesis, a number of well defined reference
models were developed and applied which provide a common language and
structural relationship in mobile services, and they can be used for specifying
both user and technical requirements and performance benchmarks. Both
static and dynamic reference modeling approaches were established and
demonstrated by using case studies. The reference models and reference
modeling approaches are very useful in detailed development and
implementation of mobile service systems. It is believed the reference models
and reference modeling approaches will be of great use for improving the
quality of mobile services.

III It is possible to develop specifications/extensions to the generic reference
model to address important quality characteristics such as mobility,
personalisation and security of mobile services.
Mobility, personalisation, and security requirements are the important quality
issues in mobile services and they are highly desirable by users. For example,
quality is explained as personalisation and continuity in future mobile
services (Jorstad 2006). In this thesis, several novel models and architectures
were further developed as specifications and extensions to the generic
reference model to improve the quality issues of mobile services. The models
and architectures were validated by using detailed case studies. By improving
a number of quality issues the overall quality of mobile services can be
significantly improved. This is a more direct approach to improving the
quality of mobile services.
After explanation of the research hypotheses and the meaning of quality, a
number of research questions are proposed in order to further direction to the
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research and carry out practical research work. The main research questions are as
follows:
1.
2.
3.
4.
5.

What could be the underlying generic reference model of 3G and beyond
mobile services?
How does one model the complete mobile service system, functionality, and
interaction process in these high value added mobile services?
What are the generic user requirements for 3G and beyond mobile services
and specific user requirements for selected mobile services?
How does one identify, weigh, prioritise, and build user requirements into
these high value added mobile services?
How does one improve service mobility, personalisation and security levels
through novel mobile service architectures and personalisation approaches?

The above questions constitute the main research scope of this thesis. These five
questions focus on user experience and the user perspective in mobile services.
Answers to any of these research questions will help improve the quality of
mobile services. The research results were validated using a number of detailed
case studies. The research approaches are described in detail in the following
section.
1.4

Research approach

In this thesis two typical research methodologies are used, i.e., constructive
research methodology and case study research methodology. A brief description
of the two research methodologies is presented in the following sections.
1.4.1 Constructive research methodology
Research can be divided into two categories: basic research and applied research.
The purpose of basic research is to find out what is a part of reality. Basic
research includes traditional research in physical, biological, social, and
behavioural domains. Such research is aimed at understanding reality. Basic
research scientists develop sets of concepts, or specialized language, to
characterize phenomena. These are used in higher order constructions – laws,
models, and theories that make claims about the nature of reality. Theories – deep,
principled explanations of phenomena (Achinstein 1968) – are the crowning
achievements of basic research. For basic research we can use a number of
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research methods, for example, conceptual-analytical research, theory-testing
research, qualitative research (Järvinen 2001). Applied research attempts to create
things that serve human purposes. It is technology oriented. Its products are
assessed against criteria of value or utility – does it work, is it an improvement?
Design is a key activity in fields like architecture, engineering, information
technology and urban planning. In applied research, the results of basic research
are applied to a certain object in order to achieve the desired final state.
According to March and Smith (1995), design science or constructive research
products are of four types: constructs, models, methods, and instantiations.
Constructs or concepts form the vocabulary of a domain. A model is a set of
propositions or statements expressing relationships among constructs. A method is
a set of steps (an algorithm or guideline) used to perform a task. An instantiation
is the realization of an artefact in its environment.
In this research, constructive research methodology, often called design
science research methodology, is used. Constructive research is applied research.
Constructive research attempts to create things that serve human purposes.
Constructive research methodology is one of the most typical research
methodologies in information technology. Constructive research methodology can
be defined as the evaluation of construct which is developed analytically against
predefined criteria and it can also perform some tests with the prototype. Instead
of development of a final product, it is also possible to accept a prototype or even
a plan in constructive research. However the prototype or plan should be
described in enough detail to enable reasoning on how it could be implemented.
According to van Aken (2004), the mission of the constructive research is
described as follows:
“…the mission of a constructive research, or design science, is to develop
knowledge for the design and realization of, i.e., to solve construction
problems, or to be used in the improvement of the performance of existing
entities, i.e., to solve improvement problems.”
The elements of constructive research are described in Fig. 1.
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Fig. 1. Key elements of constructive research (Kasanen et al. 1993).

Kasanen et al. (1993) divide the constructive research process into six phases:
I
II
III
IV
V
VI

Find a relevant problem
Obtain comprehensive understanding of the topic
Construct a solution idea
Demonstrate that the solution works
Show the research contribution of the solution concept
Examine applicability

In this research, I follow the six phases. In the first phase, a relevant problem is
found, i.e., how to improve the quality of high value added mobile services? A
number of hypotheses and five research questions were proposed. (Section 1.3.)
In the second phase, I conduct a literature review of the related previous work.
This is introduced in Chapter 2.
In the third phase, a number of solution ideas are proposed related to quality
improvement for mobile services. These solution ideas are reference models and a
reference modeling process, user requirements identification and translation
through the QFD approach, and novel architectures and personalisation
approaches for mobility, personalisation and security purpose. These solution
ideas are described and explained in detail in Chapter 3, Chapter 4, and Chapter 5.
The fourth phase is about validation. Case study research methodology is
used for validation purposes in this research. An introduction to case study
research is explained in the following section. A number of case studies were
carried out to validate the solution ideas from the third phase. The detailed case
studies are presented in Sections 3.1.4, 3.2.2, 3.3.2, 4.3, and Chapter 5.
The fifth and six phases are related to the research contributions and
applicability examinations. This is carried out in Chapter 6, Conclusions. In this
research, six original articles were presented in refereed journals and at
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conferences. The research contributions and applicability are discussed and
concluded in Chapter 6, with an outline of future work related to this research in
Chapter 7.
1.4.2 Case study research methodology
In addition to the overall constructive research methodology used in this thesis,
case study research methodology as described by Yin (2002) was used for
validation purposes in this research. Case study research is a particular typical
validation method in constructive research. The quality of case study research can
be judged by four tests shown in Table 1. (Kitchenham et al. 1995, Yin 2002.)
The four tests in Table 1 were taken into account in the performance of case
studies for validation purposes. In order to increase the construct validity,
multiple resources were sought for data collection and for validation procedure.
For example, in identification of actual user requirements for mobile services both
general users and technical engineers were interviewed about the stated and
unspoken user requirements. A brainstorming method was used to identify
technical design requirements for mobile services and for the validation steps in
the case studies. In the case studies of reference modeling the validation steps are
explicit and detailed. In the QFD process, the validation process was also carried
out step by step in a logical way.
Table 1. Tests for the quality of empirical social research (Yin 2002).
Test
Construct validity

Purpose
Establishing correct operational measures for the
concepts being studied

Internal validity (for explanatory or causal studies

Establishing a causal relationship, where by certain

only, not for descriptive or exploratory studies)

conditions are shown to lead to other conditions, as

External validity

Establishing the domain to which a study’s findings

distinguished from spurious relationships
can be generalized
Reliability

Demonstration that the operations of the study can
be repeated with the same results

Internal validity is important in case study research. The case studies in this thesis
include both explanatory elements because observation, measurement and
calculation are needed for example in the calculation of the QFD matrix. Later
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conditions or steps are based on the previous conditions. This is particularly true
for the QFD process and for the reference modeling procedure.
External validity establishes a domain to which a study’s findings can be
generalized. This was also demonstrated in the research design, and in this
research all the findings and results are related to quality improvement for 3G and
beyond mobile services. The results from this thesis will help develop better
mobile services in the coming years.
Reliability requires that the operations of the study can be repeated with the
same results. The operation steps of reference modeling and the QFD process can
be repeated in this research. In fact, there is a strict logical sequence in the
process of these case studies. The reliability requirement is, therefore, assured by
the operation process itself.
In case study research, a common difficulty is to generalize results (Yin 2002).
One solution is to use analytical generalization in the same way as in case studies
in general (Yin 2002). In this thesis, I also followed the analytical generalization
for discussions and results from the case studies.
1.5

Thesis contributions

The main contributions of this thesis are:
–
–
–
–

–
–

–

The development of the Cyberworld reference model for the wireless world
The development of reference modeling approaches for modeling 3G and
beyond mobile services
A contribution to the WSI reference model and the validation of the reference
model in mobile navigation services
A contribution to novel architectures and personalisation approaches as an
extension of the generic WSI reference model for improving quality
characteristics such as mobility, personalisation and security in high value
added mobile services
The application of the QFD approach for the first time for mobile service
design and development
The identification and classification of generic user requirements for 3G and
beyond mobile services and specific user requirements for selected mobile
services
The example technological roadmap for the wireless world for the coming
years
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–
–

Detailed case studies for quality improvement validation for selected mobile
services
An overall contribution to quality improvement of high value added mobile
services from a user perspective by using reference models, user requirement
elicitation and translation, and novel architectures and personalisation
approaches.

The contribution of this thesis is outlined in Fig. 2. The work concentrates on
reference modeling of 3G and beyond mobile services. The WSI reference model
is first presented, and the author is a contributor to this model. As a specification
of the WSI model, the Cyberworld model was developed by the author in order to
fully capture and describe the essential requirements and functionalities at the
application and open service platform layers of the WSI model. An ontology
based approach is further used to specify and describe some concepts in mobile
services. User requirements of mobile services are on the top of the models and
they are one of the most important criteria in the evaluation of the quality of
mobile services. User requirements are best captured and translated by using the
QFD process. The QFD approach is traditionally used in the manufacturing
industry. To the best of my knowledge, QFD is used for the first time in mobile
service design in this research. User requirements are also represented and
modelled in the reference modeling process. The reference models and reference
modeling approach are also unique, and particularly useful for mobile service
research in the wireless world. Therefore the adoption of the reference modeling
and QFD approaches in mobile service research will significantly improve the
quality of mobile services. The thesis contributes to the design and development
of high quality 3G and beyond mobile services by focusing on user requirements
and by the using reference modeling and QFD approaches to enable a quality
design from the very beginning.
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Fig. 2. The thesis contribution framework.

1.6

Introduction to the articles

Six original articles are published from this research. These articles explore
quality issues of mobile services from different aspects from a user-centred
perspective. The contents of the articles are classified and summarized as follows:
Articles related to reference models, reference modeling, ontology based
models, and personalisation for high value added mobile services:
–
–
–

Article I: User-focused reference modeling for 3G and beyond mobile and
wireless applications
Article II: On the modeling of mobile virtual enterprise communication
Article III: An ontology based model for personal data management in
enterprise mobile services

Articles related to the QFD approach and user requirements of mobile services:
–
–
–

Article IV: Improving mobile services design: A QFD approach
Article V: Extending quality function deployment to enterprise mobile
services design and development
Article VI: Towards high quality mobile services for senior citizens in smart
living environments

In the six articles, user requirements were focused on throughout the whole
articles. All six of these articles reflect on quality improving effort for 3G and
beyond mobile services. A more detailed description of the individual articles is
as follows:
–

In article I a user-focused reference modeling approach was proposed. In the
wireless world, the user perspective plays an important role in understanding
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–

–

–
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and developing 3G and beyond mobile services. For this we need to develop
some reference models in order to best describe the common requirements in
developing and deploying future generation multimedia mobile services. In
this article, a user-focused reference model was developed and it was
followed with a detailed case study using the CyPhone navigation mobile
service. The reference modeling approach contributes to the creation and
quality improvement of 3G and beyond mobile services.
In article II, a Cyberworld reference model was developed which is a
specification of the WSI reference model for 3G and beyond mobile services
design and development. The emphasis of this article was on how to have a
better understanding of user requirements and provide future research
directions in this field with the aid of reference modeling for virtual mobile
communication. An introduction of the term Cyberworld was given, and a
series of definitions and technologies to support mobile virtual
communications were included. A roadmap of the technologies for the next
ten years in the mobile and wireless communication field was also developed.
Besides static modeling, dynamic modeling was proposed in this paper which
is supported by a vivid case study.
In article III, an ontology based model was developed for management of
personal data in high value added mobile services. In the proposed model, the
portable wireless information device (WID) concept is one of the main
contributions towards existing knowledge of information management. Full
mobility of the user is supported through WID, which is used as a carrier of
information. The proposed model, when properly implemented, will also
significantly improve information security since everyone will be able to
control the accessibility of his or her own information. Furthermore, updating
personal data will be much easier because the data will be stored in the
person’s own WID. By using the WID, the developed mobile services will
better meet the mobility, personalisation and security requirements from users.
Thus the quality of mobile services can be improved.
In article IV, the QFD approach was employed in designing high value added
mobile services. Traditionally the QFD approach is used in the manufacturing
industry. The QFD approach was now extended to mobile service industry for
the first time. A list of key requirements from both mobile service users and
technical engineers are identified in the article. A main question of this paper
was how to link user requirements and technical design requirements of
mobile services? This paper answers the question and a detailed step by step

–

–

1.7

QFD method was proposed for designing high value added mobile services.
As a result, the quality of mobile services can be improved before the full
implementation by listening to the voice of the customer.
In article V, a first trial was made in using QFD in mobile service design. A
detailed case study of mobile telepresence service design was presented using
the QFD approach. A number of key requirements of telepresence were
identified, weighed and prioritised in order to develop a better mobile
telepresence service.
Article VI presents a systematic approach to designing and developing
mobile services which meet the needs of senior citizens. The QFD approach
was adopted to translate user (quality) requirements for mobile services to
technical (design) requirements for design purpose. Two most important
design requirements were identified in the QFD process; they are the need for
emergency service and the need for good tele healthcare provider. An
architecture was then proposed to incorporate the two most important design
requirements. The concept of a Wireless Information Device (WID) was
integrated into the architecture to improve service mobility, personalisation
and security. This article contributes to the design and development of high
quality mobile services for senior citizens in smart living environments.
Thesis outline

There are seven (7) chapters in this thesis. Chapter 1 is the introduction and
definition chapter. Research hypotheses, research questions, research
methodologies and research contributions are all described in this chapter.
Chapter 2 is the literature review chapter on related previous research. Chapter 3
is the reference model and reference modeling chapter. A generic reference model
was developed with a detailed reference modeling process followed step by step.
Mobile navigation services were used as a case study for validation purpose. An
ontology based model was also described in this chapter, with a healthcare case
study as validation. Chapter 4 contains the extension of the QFD approach to the
design and development of mobile services. The QFD approach was used to
translate user requirements into technical design requirements. Thus the quality of
mobile services will be improved even before the actual design and development
phase by listening to the voice of users. Two case studies were used for validation
of the QFD approach. In Chapter 5, a complete and systematic case study is
carried to develop high quality mobile services for senior citizens in smart living
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environments. This case study was used for demonstration and validation purpose
from a systematic point of view. Chapter 6 analyzes and concludes the results
from the previous chapters. It also shows the contributions and applicability of the
proposed solutions for quality improvement of mobile services. Future work in
this research field is outlined in Chapter 7 which reflects the ongoing research in
the thesis area. The six original articles are annexed to the end of this thesis.
1.8

The author’s contribution in the original articles

The contribution of the author in each of the listed articles above is as follows:
–
–

–

–
–
–
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Article I: Mr. Zheng wrote the article. Prof. Pulli is the supervisor and he
made suggestions and contributed ideas to the contents of the article.
Article II: Mr. Zheng developed the Cyberworld reference model and
technology roadmap and defined the reference modeling process. Mr. Zheng
validated the reference model by using a mobile navigation service. Prof.
Pulli was the supervisor and research leader, and he contributed CyPhone
material from a previous research project.
Article III: The ontology based approach was first introduced by Mr. Sironen
in his master’s thesis (Sironen 2003) which was supervised by Prof. Pulli. Mr.
Zheng’s contribution was to adjust and extend the approach to the WWRF
reference model and architectures for 3G and beyond mobile services.
Article IV: Mr. Zheng wrote the article. Prof. Pulli is the supervisor and made
suggestions for improvement.
Article V: Mr. Zheng wrote the article. Prof. Pulli acted as the supervisor and
made suggestions for improvement.
Article VI: Mr. Zheng wrote the article. Prof. Pulli is the supervisor for the
work and contributed to the architecture development in the case study.

2

Previous research

In this chapter, a literature review is presented for previous research related to this
thesis. The literature review focuses on next generation mobile service concepts
and scenarios, service architectures and models, user requirements and usercentred approaches for service design, and mobile service personalisation.
2.1

Mobile service concepts, scenarios and classification

In this section, mobile service concepts, service scenarios and various
classifications of mobile services are introduced and discussed. They represent
different point of views towards mobile services.
2.1.1 Mobile service concepts
In this thesis, a mobile service is defined as follows: a mobile service is a service
that is available through mobile radio access at anytime and anywhere, possibly
through heterogeneous mobile devices. Here the keywords from the definition are
anywhere, anytime and heterogeneous. These key words capture the essential
features of next generation mobile services from the user point of view. Next
generation mobile services, also called B3G or 4G mobile services, are those high
quality mobile, ubiquitous, and multimedia services such as multimedia moving
pictures, movies, television broadcasting, with a data transmission speed of
hundreds of Mbps. ITU-R defines B3G mobile systems as a system including a
high data rate, at low cost, use of IPv6 protocol, portability of numbers,
integration of wired and wireless communications, and with a data transmission
speed of up to 100Mbps for mobile access and 1Gbps for nomadic and local
wireless access. For 4G mobile services new technologies will also be used such
as Orthogonal Frequency Division Multiplexing (OFDM) technology, MultiInput-Multi-Output (MIMO), and Software Defined Radio (SDR).
The global drivers for the evolution of mobile communication systems are
outlined in Table 2. The drivers are from four levels: market/economic, regulation,
customer/personal, and product/technical. Each level has different issues of
concern and slogans. At a market or macroeconomic level “free movement of
goods, labour and capital” is the slogan. In today’s knowledge economy, there is a
huge need to remove barriers between countries to enable a global economy and
individual parties will significantly benefit from the globalisation process.
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Therefore there is a strong economic need for mobility. The second level for
mobility is in the sphere of governmental regulation. For political immigration
and emigration issues at governmental level, the slogan is “freedom and
availability”. This driver for mobility is at the state level. The third level is at
customer level. From the customer perspective, the slogans are “instant
gratification” and “anytime, anywhere”. These slogans are the customer needs
from the next generation mobile services. The fourth level is at the product or
technical level. From a technical perspective “the size matters” and “All-IP” refer
to the technical requirements for mobile services or devices such as the size of a
mobile phone or the display screen of the mobile phone.
Table 2. Global drivers for mobility (modified from Pulli 2005).
Level

Issues

Slogans

Market/Economic

Organisation

“Free movement of Goods, Labour

Business model

and Capital”

Political

“Freedom and Availability”

Regulation

Immigration, Emigration
Customer/Personal

Product/Technical

Lifestyle
Service access

“Instant gratification”

Reachability

“Anytime – Anywhere”

Wireless
Handover, Roaming

“Size matters”

Portability

“All – IP”

Battery life

The evolution of mobile communication systems and technologies is introduced
in Table 3, from 1G to 4G, with time span, service and technology descriptions.
Although we are now in the 3G era, 3G mobile services are only implemented in
certain areas of the world due to technology limitations, lack of killer services,
and government policies. In the meantime, 4G mobile communication systems are
being developed which will significantly improve current mobile services. Indeed,
the Japanese leading telecommunications company NTT DoCoMo started field
tests of 4G mobile services in 2006, which is a few years earlier than the planned
launch year 2010 (NTT DoCoMo 2007). However, in order to fully enable 4G
mobile services, there are a number of challenges concerning the enabling mobile
access technologies and networks, mobile devices, mobile service operators,
mobile service content providers. From the user point of view, 4G services will
enable users to watch high quality video just as they do over fibre optic cables.
This will obviously significantly enhance user satisfaction and change people’s
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lifestyles. From the simple 1G mobile services to personalised and customized 4G
mobile services our life is becoming more and more mobile.
Table 3. The evolution of mobile communication systems and technologies (modified
from Lbrahim 2002).
Technology

1G

2G

2.5G

3G

Design began

1970

1980

1985

1990

2000

Implementation

1984

1991

1999

2002

2010?

Service

Analog voice,

Digital voice,

Higher

Higher

Higher

synchronous

short

capacity,

capacity,

capacity,

packetized

broadband

completed IP-

data

data up to 2

oriented,

Mbps

multimedia,

data to 9.6 kbps messages

4G

data to
hundreds of
megabits
Standards

AMPS, TACS,

GSM, PDC

NMT etc.

GPRS, EDGE,

WCDMA,

Single

1xRTT

CDMA2000

standard

Data bandwidth

1.9 kbps

14.4 kbps

384 kbps

2 Mbps

100 Mbps

Multiplexing

FDMA

TDMA, CDMA

TDMA, CDMA

CDMA

OFDM

Core network

PSTN

PSTN

PSTN, packet

Packet network Internet

network

Latva-aho (2002) described the development of wireless and mobile services as
shown in the following Fig. 3, with time as the horizontal axis and the data
transfer rate as the vertical axis.
Data transfer rate
virtual reality

4G

100 Mbit/s
10 Mbit/s
video conference
multimedia

3G+
3G

1 Mbit/s

video
100 kbit/s

2G+

data
speech

10 kbit/s

2G

Decade

1G
1980

1990

2000

2010

Fig. 3. Development of wireless and mobile services (modified from Latva-aho 2002).
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2.1.2 Mobile service scenarios
In order to understand the vision of the mobile world in the coming years, a
number of mobile service scenarios were developed around the world, for
example:
–

–

–
–

–

–

The NTT DoCoMo “Vision 2010” (NTT DoCoMo 2002): in 2002, NTT
DoCoMo presented a video scenario set for mobile services in 2003 and 2010
respectively. A number of challenging mobile services in the coming years
until 2010 include multipoint video conferencing with simultaneous language
interpretation, point to point (P2P) 3D telepresence, multi-party mobile
telepresence, virtual golf, automatic driving, smart coffee kiosk, to name but
a few. These mobile services are typical next generation mobile services that
will come true in the future.
The ISTAG scenarios (Ducatel et al. 2001): the Information Society
Technologies Advisory Group provides a European viewpoint on future
mobile services related to ambient intelligence.
The Mobile IT Forum: the Forum developed a number of mobile scenarios in
the unconventional form of cartoons (Mobile IT Forum 2006).
The MIT Project Oxygen: MIT’s project aimed at “bringing abundant
computation and communication, as pervasive and free as air, naturally into
people’s lives.” (MIT Project Oxygen 2006.)
The Irish M-Zones Project: the project created mobile services and scenarios
in a smart space environment in an integrated way to combine users,
appliances, networks, ICTs (M-Zones 2006).
The University of Oulu CyPhone project: this project developed a number of
future mobile service scenarios including mobile indoor and outdoor
navigation services which will be examined in detail in this thesis.

2.1.3 Mobile service classification
Mobile services can be classified as 1G, 2G, 3G, and 4G or B3G services based on
the timeline and service capacity.
–
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The design of 1G mobile services started in 1970, and these services were
implemented in 1984. The services are analog voice services with no data
services.

–

–
–

The design of 2G mobile services started in 1980, and actual 2G services
were implemented in 1991. These services are digital voice services and short
messages.
3G mobile services have been designed from 1990, and implemented in 2000.
3G services are high capacity, broadband data services up to 2Mbps.
4G mobile services have been designed from 2000, and the full
implementation will be in the next a few years. 4G mobile services are
enhanced multimedia and enhanced roaming services with data rate up to
100Mbps typically.

Bouwman (2005) classified mobile services into different categories based on
their contents:
–
–
–
–
–
–

Mobile entertainment services
Mobile tracking & tracing services
Mobile community services
Mobile presence and instant messaging services
Business to employee services
Mobile payment services

Pulli (2005) outlined the mainstream mobile services (see Fig. 4). In Fig. 4, the
introduction of new mobile services always starts from the simple mobile service
point to point service e.g., simple call or SMS service along the way down to
more complicated and value added mobile services such as mobile advertisements
at the bottom. On the other hand, consumers are more willing to pay for value
added mobile services than simple mobile services. So there is a clear mismatch
between the introduction of new mobile services and consumer willingness to pay
them. The situation is even worse in the 3G era because there is an obvious
shortage of value added mobile services which make use of high speed 3G
networks and infrastructures. We call the most value added mobile services “killer
services”. However, there are no true killer services existing today on top of 3G
mobile communication systems. How to convince people to upgrade to 3G
systems is therefore a challenging task.

41

Consumer willingness
to pay for a mobile service

SupplyDemand
Mismatch !!

Point-to-point
point-to-multipoint
multipoint-to-multipoint
content sharing
info retrieval
content download
content
advertisement

call, SMS, MMS
conference call
chat
message boards, games
number service
tones, logos, mp3
WAP, portals, news
m-commerce

Introduction of
new mobile services
Fig. 4. Mainstream mobile services (Pulli 2005).

We therefore need to look into the design and development of high quality mobile
services to alleviate the mismatch problem between the introduction of new
mobile services and people’s willingness to pay a mobile service. This thesis
studies the design and development of high quality next generation mobile
services that will satisfy consumers by listening to their voice and translating
consumer’s requirements into mobile services from the very beginning of the
mobile service design phase.
Mobile services can also be classified according to target user groups. At least
the following three groups of users exist in the mobile service industry.
–

–

–
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Teenagers: teenagers or trend-setters usually like fancy mobile devices and
are excited by mobile services such as mobile music download, mobile
gaming services, and watching video on a mobile phone. Therefore they show
special interest in killer mobile services. For this user group more exciting
entertainment mobile services are desired.
Business people: this user group seeks fast and reliable mobile business
services such as mobile office services where business people can have
access to all their office data on the move through a secure and authentic
process. Business people then will show more interest in the availability,
security, and cost-effectiveness sides of mobile services.
The elderly: old people or patients often have physical disabilities in daily life.
Therefore mobile services for this group should offer solutions to problems,
and should be efficient and reliable. For example, there should be an
emergency mobile service function. These users also desire good healthcare

mobile services. A detailed case study of healthcare mobile service for old
people is presented in Chapter 5 of this thesis.
In order to fully understand the user and design requirements behind these
mobile service scenarios, it is necessary to perform a scenario analysis. For this
purpose Krisler et al. (2004) outlined a number of guidelines for analysis of
mobile scenarios; for example, a scenario analysis should identify key
requirements, key actors, and interdependencies among technologies in dynamic
situations and contexts of use. Ryu et al. (2004) carried out a scenario analysis for
next generation mobile services based on their three-layer architecture for mobile
services. In this thesis, a number of selected mobile services will be analysed for
reference and validation.
2.2

Architectures and models of mobile services

Architectures and models form the basis for the design and development of next
generation mobile services. The challenging tasks in developing these
architectures and models are the making of choices in balancing user value and
technical functionality.
2.2.1 The OSI reference model
The Open System Interconnection (OSI) reference model is a well known ISO
standard for worldwide communications. There are seven layers in the OSI
reference model, as shown in Fig. 5. (ISO 7498-1.)

Application
Presentation
Session
Transport
Network
DataLink
Physical

Application
Presentation
Session
Transport
Network
DataLink
Physical

Fig. 5. The OSI reference model (ISO 7498-1).
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The well defined seven layers in the OSI model are the Application, Presentation,
Session, Transport, Network, DataLink and Physical layers. The control and data
transmission are passed from one layer to the next. Since the OSI reference model
is a very generic reference model, and was one of the earliest and most famous
models in computer science, it forms a foundation for further architecture and
model development in this area.
2.2.2 The TCP/IP model
A TCP/IP model is designed around 3 to 5 layers, and has been used by most
Unix workstation vendors. It does omit some features found in the OSI reference
model. Also it combines the features of some adjacent OSI layers, and splits other
layers up. A typical four-layer TCP/IP model consists of the Network Access
Layer, Internet Layer, Transport Layer and Application Layer from bottom to top
as shown in Fig. 6. (IETF RFC 1180.)
The four-layer TCP/IP model is built as information is passed down from
applications to the physical network layer. When data is sent, each layer treats all
of the information it receives from the layer above as data and adds control
information to the front of that data. This control information is called a header,
and the addition of a header is called encapsulation. When data is received, the
opposite procedure takes place as each layer removes its header before passing
the data to the layer above. The TCP/IP model is a indeed network model and it is
only partly relevant to the work in this thesis. Therefore the TCP/IP model is not
suitable for a reference model for mobile services because the latter is more
generic and requires both standardized and non-standardized communications.
The TCP/IP protocols are under ongoing development.
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Fig. 6. A typical TCP/IP model.

2.2.3 The WAP reference model
Internet
HTML, Java

A-SAP

WAP

Application Layer (WAE)
S-SAP

additional services
and applications

Session Layer (WSP)
HTTP

TR-SAP
Transaction Layer (WTP)
SEC-SAP

SSL/TLS

Security Layer (WTLS)
T-SAP

TCP/IP,
UDP/IP,
media

Transport Layer (WDP)

WCMP

Bearers (GSM, CDPD, ...)

Fig. 7. The WAP reference model.

The former Wireless Application Protocol (WAP) forum (now the OMA forum)
developed the WAP reference model, which is shown in Fig. 7.
The WAP reference model is a model for mobile services over the Internet.
Various web services can be accessed by using web browsers through different
mobile phones. There are five basic layers in this model, namely the application
layer, session layer, transaction layer, security layer, and transport layer. For each
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layer, different protocols will be used to enable the function. HTML and Java are
used for developing applications for the application layer. HTTP protocol is for
both the session and security layers. Secure protocols e.g., SSL/TLS are used for
the security layer. TCP/IP protocols are used for the transport layer.
The WAP reference model is more relevant to mobile services although this
model is designed specifically for mobile web services. It is more particular than
the OSI reference model. However, the WAP model is only applicable for mobile
web services, and, in the wireless world, real mobile services are not restricted to
web services. Mobile services may include communications between
heterogeneous mobile devices beyond traditional mobile phones and Internet
services.
2.2.4 The OASIS SOA reference model
The Organization for the Advancement of Structured Information Standards
(OASIS) developed a reference model for Service-Oriented Architecture (SOA).
The reference model is an abstract framework for understanding significant
entities and the relationships between them within a service-orientated
architecture and for the development of consistent standards or specifications
supporting that environment. This reference model is based on unifying the
concepts of SOA and may be used to develop specific service-oriented
architectures.
Fig. 8 illustrates the principle concepts of the OASIS SOA reference model.
The interrelationships between these concepts are defined by OASIS. The concept
of service is in the middle of the model, and in order to enable the service six
functionalities will be needed around service. For example service description
defines the properties of service and interaction specifies the detailed
communication process. The OASIS SOA reference model is an interesting, but
very abstract concept model for SOA.
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Fig. 8. Principle concepts of the OASIS SOA reference model (OASIS 2006).

2.2.5 Open mobile architecture
Open Mobile Architecture from the Open Mobile Alliance (OMA) forum
(http://www.openmobilealliance.org) is an industry initiative dedicated to
ensuring a global and open mobile software and services market. OMA focuses
on the development of mobile service specifications and enablers. OMA develops
mobile service enabler architectures and open enabler interfaces that are
independent of the underlying wireless networks and platforms. OMA also creates
interoperable mobile data service enablers that work across devices, service
providers, operators, networks, and geographies.
The open mobile architecture indeed includes all aspects of mobile
communication systems. It is composed of a number of sub-architectures; for
example, the OMA billing framework, the OMA device management framework,
the OMA charging framework, the OMA game services framework, the OMA
mobile location service framework, to name just some. Therefore, open mobile
architecture is a not a true architecture, but is a concept comprising many subarchitectures from almost every aspect of the mobile services and technologies.
The main idea behind the open mobile architecture concept is that the
architectures should be independent of different mobile devices, standards,
networks, and locations. This idea is in line with the research in this thesis. Open
mobile architecture research is an initiative by industry, and it is not formal
government sponsored standard research. OMA is a forum for industry
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stakeholders to agree on common specifications for products and services leading
a very exciting mobile life.
2.2.6 W3C mobile web
The World Wide Web Consortium (W3C) mobile web initiative aims at
developing specifications for accessing WWW from mobile phones, PDAs and
other mobile devices. So the Internet can be accessed from a remote location
where there was no connection to Internet previously. Mobile web services have a
potentially big market. For example, business professionals can have access to
various web services on the move; students can use mobile e-learning services
anywhere and at anytime convenient to them. This mobile access includes in
practice both architecture and technology specifications.
However, mobile web accesses still have interoperability and usability
problems due to the resource limit of mobile devices and incompatibility between
mobile devices. The W3C mobile web working group is ongoing, developing the
mobile web architecture and specifications to solve these problems.
The research of W3C on the mobile web is partly related to the architecture
and model research in this thesis because mobile web services will be typical
mobile services in the future. However, in this thesis, the research deals with
generic mobile services in the wireless world and it goes beyond the mobile web
service concept.
The evolution of a number of selected reference models related to mobile
services is illustrated in Fig. 9. The WSI/WWRF reference model is the latest one,
and a detailed description of the model can be found in Chapter 3.
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Fig. 9. The evolution of selected reference models.

2.3

User requirements and user-centred approaches

Understanding user requirements is critical in developing mobile services that
meet and exceed expectations of end users. User satisfaction is the underlying
purpose of quality in the next generation mobile services. There are a number of
user-centred approaches to ensure user satisfaction. This section introduces and
briefly compares these user-centred approaches.
2.3.1 User requirements
For general user requirements or user needs, professor Kano and other researchers
(Kano et al. 1984, King 1989, 1995, Clausing 1994, Cohen 1995) have developed
a very useful diagram for characterizing user needs, as shown in Fig. 10. The
Kano model divides product or service features into three distinct categories, each
of which affects users in a different way.
–

–

One-dimensional attributes: these attributes result in user satisfaction when
fulfilled and dissatisfaction when not fulfilled. The better the attributes are,
the more users like them. For example, the battery life for mobile phones is
such an attribute. The longer the battery life the more users like it.
Attractive attributes: the absence of attractive attributes does not cause
dissatisfaction because they are not expected by end users, and users are
unaware of what they are missing. However, strong achievement in these
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–

attributes delights the user. For example, a camera mobile phone will delight
users with the automatic flashlight function.
Must-be attributes: users take must-be attributes for granted when they are
fulfilled. However, if the product or service does not meet the need
sufficiently well, the user becomes very dissatisfied. For example, if a mobile
phone is not able to send and receive SMS this is intolerable. Therefore the
function to send and receive SMS is a must-be attribute.
Satisfaction

one-dimensional
attractive

must-be

Performance

Fig. 10. The Kano model.

The Kano model is useful in guiding the design and development of next
generation mobile services. The end user requirements can be grouped according
to the Kano model. Designers and developers can therefore concentrate on onedimensional and must-be attributes in the case of a time and resource limit. The
Kano model is also very useful in explaining user satisfaction with mobile
products and services. For example, ten years back users showed high satisfaction
with a very simple mobile phone. However nowadays users will not be satisfied
with such a simple mobile phone. This means user satisfaction changes over time
with the same attribute. Today’s attractive attributes might be must-be attributes
tomorrow. Therefore it is important to consider user satisfaction in a broader
context rather than think of it in a simple and isolated way. The generic user
requirements for mobile services will be described and discussed in Chapter 4 in
this thesis.
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Meeting user requirements or human needs is one of the most important
criteria for evaluation of quality in next generation mobile services. A high quality
mobile service means the service will meet or exceed user expectations. The basic
human needs were identified by Maslow (1964). Based on Maslow’s hierarchy of
human needs Krisler et al. (2004) grouped user requirements for mobile services
into six focus areas:
–

–

–
–

–

–

Safety. Safety is the most basic human need, including both physical safety
and mental well being. Mobile devices and services should be safe to use and
all technologies enhancing safety will be valued.
Belonging. Belonging relates to the need for communication and relationships
with others. Future mobile services will need to support a variety of group
activities and social networks.
Control. Users should have a feeling of being in control when using mobile
services. A lack of control will cause distress.
Privacy. Privacy is of great concern in mobile services. Mobile technologies
should prevent intentional and unintentional invasion of mobile services. An
efficient authentication scheme should be used to enable privacy.
Self-actualisation. After basic needs are taken care of, most users will look to
achieve and create. Communications can present an important tool for those
wishing to express and share ideas.
Human capability augmentation. This focus area implies that technology
should amplify, enhance, or develop human capabilities: physical, mental or
social. Mobile services should aim to compensate when such capabilities are
below par, or enhance human capabilities.

These basic user requirements are taken into account in this research when
developing the user-centred reference model. For identification of user
requirements, both spoken and unspoken user requirements should be taken care
of. User requirements from different user groups are usually different. For general
end users and professional engineers, the user requirements are again different.
Identification and representation of actual user requirements are a focal issue in
this thesis.
2.3.2 User-centred design
The user-centred design (UCD) approach is widely used in various industries to
ensure that the user is considered in the design of products and services. The basic
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benefit of applying UCD is that technologies are not developed for their own sake,
but to fulfil a user need or desire, thus maximizing the chance that the technology
research will be used in products and services that people will use, and thus build
value into the marketplace (Krisler 2004). UCD is a three-step process, as shown
in Fig. 11. The three processes are:
–
–
–

Analysis. Deriving the requirements from analysing the user and the context
of use.
Design. Developing a prototype following the requirements from the analysis
process.
Evaluation. Evaluating the design against the requirements.

Analysis

Design

Evaluation
Fig. 11. The user-centred design process.

A recommendation of the UCD approach is from standard ISO13407:1999. This
standard is based on the life cycle of an iterative computer based system. It uses a
multidisciplinary approach and specifies detailed steps for UCD research.
Meeting user requirements is the starting and final purpose in the UCD approach.
A detailed UCD process from ISO13407:1999 is illustrated in Fig. 12.
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1. Plan the human
centred process
Meets requirements
2. Specify the
context of use
5. Evaluate designs against
user requirements

3. Specify user and
organizational requirements
4. Produce design
solutions

Fig. 12. The UCD process from ISO13407:1999.

The UCD approach is a generic user-centred approach which provides a general
guideline for the design and development of user-centred products and services.
The philosophy of the UCD approach is in line with the research in this thesis.
However, more detailed methods and tools will be needed in implementing the
UCD research. As for mobile services, how to identify and translate user
requirements into services is a key concern in the mobile service industry. In this
thesis, a quality approach is used to ensure the meeting of user requirements for
next generation mobile services.
2.3.3 Other user-centred approaches
In the literature of Total Quality Management (TQM), there are a number of usercentred approaches specifically developed for different industries. Quality
Function Deployment (QFD) is the dominant approach among these quality
management approaches. In this thesis, QFD was extended from the traditional
manufacturing industry to the mobile service industry for the purpose of mobile
service design and development. A number of these user-centred approaches will
be briefly examined in this section. The QFD approach will be introduced in
Chapter 4.
–

The concept testing approach. This is an approach that aims to involve users
in the conceptual design phase, preferably known as the concept evaluation
phase (Acito & Hurstad 1981, Moore 1982, Page & Rosenbaum 1992).
Stimulus materials, such as paper-and-pencil sketches, will be used. The
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–

–

–

concept testing approach is mainly applied to consumer packaged goods,
durables and industrial products.
Beta testing. The beta design approach aims to determine if the product does
what it is designed to do in the customer environment, and it is used in the
later phases of the product design process (Dolan & Matthews 1993, Nielsen
1993). Beta testing is mainly used in the software industry.
The lead user method. This is a methodology composed of the lead user
concept integrated with market research techniques (Herstatt & von Hippel
1992, Urban & von Hippel 1988). Lead users are users who face needs that
will be general in a marketplace – but face them months or years before the
majority of that marketplace encounters them. However, the aim of this
method is basically to elicit specific solution data from lead users. This
method is usually for industrial buyers.
Participatory ergonomics. The participatory approach to ergonomics relies on
actively involving workers in implementing ergonomic knowledge,
procedures and changes with the intention of improving working conditions,
safety, productivity, quality, morale and/or comfort (Noro & Imada 1991).
This approach is mainly used for industrial ergonomics and architecture.

Among the above four user-centred approaches involving user participation, the
concept testing approach is used at the very early stage of product design. It is
mainly for durables and consumer goods. In contrast beta testing is used at a late
stage of product design for software testing purpose. The lead user method is
basically for industrial buyers, and it is used for product and service testing before
finally going to the marketplace. Participatory ergonomics is about ergonomics
specifically in order to improve working conditions. None of the approaches
above deals with user requirements in a systematic way in the product or service
design process. QFD, however, is such a systematic user-centred approach to
ensure that user requirements are fully taken into account in the whole process.
Detailed case studies will be discussed in Chapter 4 in this thesis.
2.4

Personalisation of mobile services

Personalisation of mobile services is intended to enhance user experiences with
mobile and fixed communications devices. Motorola defines personalisation as:
“Personalization is about providing unique and intuitive experiences with a
user’s devices. It requires understanding a user’s individual preferences while
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providing the appropriate interaction modalities, applications, services and
content.” (Motorola 2006.) Motorola further classifies personalisation into three
categories: user interaction personalisation, content personalisation, and
applications and service personalisation. User interaction personalisation ensures
that a user can always experience their preferred interaction behaviour with a
device, application or service. Content personalisation means meeting a user’s
expectations by anticipating the content the way a user may want. Application or
service personalisation adapts services to user goals according to context.
2.4.1 The 3GPP generic user profile
The 3GPP Generic User Profile (GUP) (ETSI 3GPP 2004) is a set of user profile
specifications from different perspectives including the user, the home
environment, the network and the value added service provider. A reference
architecture was also developed to ensure the user profile specifications can be
successfully implemented.
The 3GPP user profile specifications focus on the network side in a mobile
service. They do not consider things specifically from user or service perspective.
For example, a patient may have her individual profile for healthcare purposes,
including information on allergy to medicines. In this research, personalisation
and profiling are therefore more generic.
2.4.2 ETSI human factors
The ETSI human factors group creates a set of guidelines for management of user
profiles for personalisation of services and mobile devices. (ETSI 3GPP 2005.)
The guidelines define the user profile and what kind of contents it can have, and
who the key actors are in the profiling process. The guidelines also specify access
rules to the user profile and the layout of a user profile.
These user profile guidelines are concerned with detailed contents in mobile
service personalisation, and they are relevant to the research in this thesis. But the
guidelines do not specify the detailed process in the profiling and personalisation
of a mobile service, and do not offer any information for personalisation across
heterogeneous mobile devices and networks. (Jorstad 2006.)
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2.4.3 The W3C CC/PP device management working group
W3C also released a set of recommendations for profiling mobile service contents
and devices. (W3C 2004.) They call it “Composite Capability/Preference
Profiles” (CC/PP) which describe device capabilities and user preference. The
profiles are created by the Resource Description Framework (RDF). The
recommendations specify the architecture for a CC/PP profile, and CC/PP
attribute vocabulary for devices which can print or display information.
The W3C CC/PP recommendations do not describe the process of creating
and using the profiles which are left to the mobile service providers. In this thesis,
an ontology based model with the integration of a wireless information device
(WID) for profiling and personalisation is proposed. Focus is laid on the process
in user profiling and personalisation.
2.5

Approaches and examples for mobile service design

There are a number of problems in the design and development of high value
added mobile services; for example, how does one derive both user and technical
requirements for mobile services? There are no single objective users, so how can
we identify both objective and subjective user needs for mobile services? What
approaches should we use to design mobile services and where does one start?

56

Deviceless User Interface
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SERVICE SCENARIO
MOBILE PLATFORM

• Basic telephony
• MMS

• ……

• GPRS
• WCDMA
• ……

Fig. 13. The cubic model for mobile service design and development (Zheng et al.
2002).

In order to address these challenges, we need a rapid, evolutionally development
process for discovering, designing and launching new mobile services. A cubic
model for mobile service design and development is shown in Fig. 13 (Zheng et
al. 2002). The cubic model proposes three sides to starting the work, namely the
service scenario, mobile platform, and interaction technology. For the service
scenario, we should start with the creation of new mobile service scenarios, and
perform a scenario based analysis to identify the most important components and
interrelationships in a mobile service. These mobile service scenarios represent
the next generation mobile services. The second side is the mobile platform side,
and the aim is to identify and develop possible mobile technologies and systems
for practical implementation of the services depicted in the scenarios. The
Interaction technology side is also of particular importance for a high quality
multimedia mobile service; for example, deviceless user interfaces can be used
for interaction.
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Fig. 14. The augmented reality user interface for mobile services (Antoniac 2005).

As an example how to improve user experience in mobile services, Antoniac
(2005) developed an augmented reality (AR) based user interface which is shown
in Fig. 14. The AR user interface can significantly enhance user experience in the
interaction and personalisation of mobile services. This is an example of true next
generation mobile services.

Fig. 15. The mobile telepresence service (courtesy Metsavainio Oy).
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As another example, Hickey (2005) examined mobile virtual telepresence
service (Fig. 15) using a virtual proxy, and concluded with a number of key
components in the telepresence scenario and possible technologies to support
such a system. The mobile telepresence service is a typical next generation mobile
service which requires new interaction technologies and platforms to make it
come true.
As a third example, a number of new interaction elements have been
identified by Manninen (2004) in a mobile virtual game service. (see Fig. 16).

Fig. 16. Mobile virtual game service (Manninen 2004).

These interaction elements are, however, based on a rich virtual game
environment, which is a promising mobile service for entertainment. In a different
mobile service, the interaction elements may reasonably vary. The meaning of
these interaction elements is explained below.
–
–
–

Physical contact reflects the use of touch in communication situations.
Avatar appearance defines the attributes of image and presentation of self.
Kinesics includes all bodily movement except touching, commonly referred
to as body language.
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–
–
–

–
–
–
–
–

–

Facial expressions may be broken down into the sub-codes of eyebrow
position, eye and mouth shape and nostril size.
Spatial behaviour consists of proximity, orientation, territorial behaviour and
movement in a physical setting.
Non-verbal audio includes the use of the voice in communication, which is
often referred to as paralanguage. The non-verbal aspects of speech contain
prosodic and paradigmatic codes.
Occulesics are movements in the facial area and eyes, e.g., gaze.
Environmental details define the appearance of surroundings providing
contextual cues.
Chronemics involves the use and perception of time.
Olfactics reflect to the non-verbal communicative effect of one’s scents and
odours.
Autonomous actions include a set of pre-programmable actions and reactive
behaviour that resembles sub-conscious and intuitive acts in the physical
world.
Language based communication is the major channel for interpersonal
information sharing in most of the current collaborative virtual environments
(CVEs).

In the design and development of next generation mobile services, it is a good
idea to start with ideas for mobile services and a scenario based analysis to
capture the essential components and their interrelationships in a new mobile
service. Prototypes and usability studies can then be carried out. A user-centred
design process should be used to ensure that user needs are fully met for targeted
mobile service. In this research, QFD is used as such a tool for mobile service
design and development, and it is described in detail in Chapter 4.
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3

Reference models and reference modeling
for 3G and beyond mobile services

Reference models represent a general solution to a particular class of problems in
a specific domain. In this chapter, the Cyberworld reference model and WSI
reference model were developed to provide a common language and structural
relationships between different layers and components in the wireless world. The
reference models point to emerging common features and define common terms
for the wireless world with a focus on interoperability and standardization. In
addition, a reference model specifies the logical structure of the external
interfaces to other systems. Such a model can then be used for specifying
requirements and performing benchmarks for design and development of a
complete mobile communication system comprising user, process, and technology.
In the mobile service industry, there is a strong need for enterprise collaboration
and these companies can benefit from strong steering by the reference models on
how mobile communication systems can be implemented with specific
requirements on interoperability. These aspects are the lingua franca for a
reference model. The reference models and reference modeling approach
presented in this chapter serve as a basis for the design and development of high
quality next generation mobile services. Cyphone navigation services (Pulli &
Zheng 2002) were used to validate the reference models and reference modeling
process.
The work presented in this chapter was mainly performed during 2002-2003
under the umbrella of EU projects IST-2001-37680 WWRI and IST-1999-12300
WSI. The University of Oulu is one of the seven participants in the development
of the WSI generic reference model. The seven participants are Fraunhofer
FOKUS, Aachen University (RWTH), the University of Surrey, the University of
Oulu, Nokia, Siemens, and Ericsson. The working areas of the participants are
described in Table 4. The WSI reference model was later accepted as the WWRF
reference model.
The author developed a detailed model for the top layers of the WSI model,
and it is called the Cyberworld reference model in order to specify the essential
enablers, building blocks and interrelationships for the application and open
service platform layers. A sample technology roadmap for the application layer
was also built. The author also developed the step by step reference modeling
approaches and validated the generic WSI reference model by a detailed case
study of Cyphone mobile navigation services. The reference models and reference
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modeling approach will continue to significantly contribute to the understanding,
design and development of high quality mobile services in the wireless world. In
order to enhance personalisation and profiling of mobile services, an ontology
based model was also developed in this research.
The publications related to this chapter are Article I, Article II and Article III.
Table 4. The participants and working areas of the WSI reference model.
Participant

Working area(s)

Fraunhofer FOKUS

WSI reference model, technological principles and

University of Surrey

WSI reference model, technological principles and

system options,
system options, timelineand roadmap
Aachen University (RWTH)

WSI reference model, technological principles and
system options, timelineand roadmap

University of Oulu

WSI reference model, technological principles and
system options, timelineand roadmap

Nokia

WSI reference model

Siemens

WSI reference model, timeline and roadmap

Ericsson

WSI reference model, timeline and roadmap

3.1

The WSI reference model

The EU IST Wireless Strategic Initiative (WSI) project developed a generic
reference model for the wireless world, and it is presented in Fig. 17. The
University of Oulu is one of the seven participants in the reference model
development in the WSI project. The WSI reference model was later accepted as
WWRF reference model.
The WSI reference model consists of four basic building blocks namely the
Cyberworld, Open Service Platform, Interconnectivity and Access. It covers all
aspects of the wireless world, from business models and user issues down to radio
interfaces. The reference model describes the grand building blocks of the
wireless world and how they interact at reference points (see section 3.1.1 for the
definition of reference points). The reference model accommodates user scenarios
and different views. The combined definition of business models and reference
points enable the early definition of roles and business relationships, as well as
assumptions on business topology and market value chains and value networks.
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Fig. 17. The WSI reference model for the wireless world.

The Cyberworld building block hosts all application specific functionality. It
relies on a generic service infrastructure provided by the Open Service Platform,
and exploits it to implement these applications and services. It will have to
possess the means to generically describe and explain their characteristics and
demands to ensure that the underlying infrastructure is being used efficiently and
to the user’s satisfaction.
The Open Service Platforms building block is responsible for providing a
flexible and generic service infrastructure to the Cyberworld to facilitate the
creation of new services according to the user’s and operator’s needs. The
restrictions imposed on the creator of the services have to be reduced to a
minimum.
The Interconnectivity building block can also be referred to as the networking
part of the WSI reference model. The functions located there take care of linking
together communication devices from different spheres, and maintain and manage
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these links even when they are subject to a change of network topologies or
access networks.
The Access block implements all aspects of the physical connections between
different communication devices. These may be either radio or other types of
connections. Due to the hierarchical structure of the reference model, a
connection in higher spheres of the wireless world (see section 3.1.2 for the
definition of spheres) could use multiple connections in underlying spheres,
relying on services provided by the Interconnectivity building block.
3.1.1 The communication element
Following the WSI reference model, the communication element (CE) for the
wireless world is defined, and it can be understood as the representation of a
certain device or node in the wireless world, as visualized in Fig. 18. The
functionalities integrated in the communication element are provided by different
building blocks. The assumption is that the reference model should separate
Content Processing, Control, and Management functions into their own end-toend planes and subsystems. The architecture should not allow mixing of these
three functions in the specification.

Content P.

Control
Control

Management

PP

Content P.

CP

Building Blocks:
- Cyberworld
- Open Service Platforms
- Interconnectivity
- Access

Control

Content Proc.

II

Management

PI

AA

Control

IA

Management

Reference Points across
Communication Elements:
- CC – Cyberworld/Cyberworld
- PP – Platform/Platform
- II – Interconnectivity/Interconnectivity
- AA – Access/Access

CC

Content

Reference Points within
a Communication Element:
- CP – Cyberworld/Platform
- PI – Platform/Interconnectivity
- IA – Interconnectivity/Access

Management

Communication Element

Fig. 18. Structure of the communication element for the wireless world.
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The Building Blocks, which form communication elements, are connected by
reference points. The early identification and specification of these reference
points will enable more flexible communication systems than we have with 3G
systems. There are “vertical” and “horizontal” reference points. The vertical
reference points are defined interfaces between the building blocks of the
communication elements. A connection can also take place between
communication elements which reside in different spheres using “horizontal”
reference points. The reference points between the building blocks are crucial
elements for the precise technological description of the model. The
functionalities which the different blocks have to provide at these reference points
will have to be well-defined, complete, and generic in order to assure the proper
functioning of the model and to allow treating the building blocks as “Black
Boxes” from the viewpoint of the adjacent blocks. The reference points can be
divided into two categories:
–
–

those which provide an interface between different building blocks in one
communication element.
those which “virtually” link equal building blocks of different CEs, thereby
possibly spanning one or more spheres.

The reference points represent well-specified points of contacts between the
building blocks. This specification will cover so called generic vertical functions
that have to be provided by all reference points. Vertical functions provide certain
functionality through all the building blocks by addressing the dedicated problems
and technologies of each building block.
3.1.2 Spheres of the wireless world
In Fig. 19 we introduce the spheres used in the WSI project, and they are the
Personal Sphere, Local Sphere and Global Sphere.
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Fig. 19. Spheres for the wireless world.

The sphere concept adds another fundamental dimension to the WSI reference
model. The spheres represent the backdrop in which rich communication services
may be described. A human being is at the centre of the concentric set of spheres,
demonstrating the user-centric approach generally adopted in the work on the
wireless world. The spheres of the reference model stand for different
communication contexts. Driven by the horizontalisation introduced by 3G’s
mobile Internet, future vertical applications and services will draw together a
multitude of wireless technologies in an ad-hoc manner. Those elements will be
around us like a number of spheres in which we live. CEs do not “exist” in a
certain sphere, but have to be placed there logically depending on the nature of
the communication they are involved in (e.g., the location of the communicating
entities). For example, communication between two CEs in a global sphere can
include “local sphere communication” being made possible. The communication
between elements in non-adjacent spheres is assumed to always take place via one
or more elements of an intermediate sphere. The final sphere structure will be a
representation of the prevailing business model.
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3.1.3 The reference modeling approach
In order to illustrate the reference modeling procedure of mobile service scenarios
in the wireless world, the CyPhone mobile navigation case is used here (see Fig.
20). The CyPhone is a small sized combination of a digital stereo camera, a
notepad computer and a cellular phone (Pulli 2000). The CyPhone network is
backboned by the picocellular technologies that allow transmission of high
bandwidth of data. The CyPhone framework can be used as a platform for some
promising mobile services that can be classified as annotation services,
telepresence services and monitoring and maintenance services.

CyPhone with the support of
Head Mounted Display can offer
excellent Augmented Reality services.

An example of using Cyphone AR ability
for guidance and navigation service.
A major challenge is synchronization of
real and virtual worlds.

Fig. 20. Introduction of CyPhone mobile services (courtesy Metsävainio Oy).

The proposed reference modeling approach is demonstrated in Fig. 21. A more
detailed description of the reference modeling approach can be found in Article I.
In Fig. 21 it models the CyPhone indoor and outdoor navigation scenarios, which
are drawn from the CyPhone project (Pulli & Zheng 2002). It starts from the
initial informal model, followed by the sphere model drawn on the informal
model. Communication elements with linkages are then added into the sphere
model. After this, the informal model is removed, which results in a clear
reference model with only 3 spheres, communication elements and linkages. A
trial has been made to look into the communication element and reference point
details with this CyPhone example. Internal dynamic modeling and peer to peer
(P2P) dynamic modeling are two different examples giving micro and macro
perspectives respectively in modeling user scenarios.
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Informal Model

Informal Model +
Reference Model Spheres
Informal Model + Spheres
+ Static Communication
Elements and Linkage
Spheres+Static Communication
Elements and Linkage
Detailed Static Communication
Elements Description +
Reference Point Properties

Select Reference Points
of Interest

Internal Dynamic Modeling

P2P Dynamic Modeling

Fig. 21. The reference modeling approach.

3.1.4 Case study and validation: reference modeling of CyPhone
CyPhone navigation mobile services are used as case studies for validation of the
WSI reference model and the reference modeling approach.
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Informal Model: CyPhone Navigation
Orientation
LAN

Wireless LAN
2-10 Mbit/s

MS

Printer

Indoors
Local
Positoning
System
(LPS)

AP
Bluetooth

VRE-server

(Virtual Reality Environment)

UMTS
->All-IP

GPRS
n*14.4kbit/s

BTS

Outdoors

MSC

BSC/TRAU

PSTN
ISDN
PDN

GPS
GIS

Value-added

(Maps and Service access service provider
points and profiles)

Fig. 22. Informal model of the CyPhone navigation service.

Fig. 22 is the initial CyPhone navigation layout model which identifies a number
of essential scenario components, including navigation service elements and
enabling technologies. In this example, there are two navigation scenarios: indoor
navigation for a printer and outdoor navigation for a hotel. Then, we further
classify these scenario components into the three spheres. The Personal Sphere
includes the user and the printer. The Local Sphere consists of the indoor
navigation elements and enabling technologies, and in our example they are
wireless LAN, VRE-server, indoor orientation and positioning system, bluetooth
technology. The outermost sphere is the Global Sphere and the outdoor navigation
elements and enabling technologies reside in this sphere. These include the hotel,
GPS system, base stations, UMTS technology, and the geographical information
system. By using the three spheres, different navigation communication contexts
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are clearly described with the user in the centre of the spheres, demonstrating the
user-centred approach in the wireless world research.
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Fig. 23. Spheres + static communication elements and linkage for CyPhone navigation

services.

Then the Communication Elements are added into the sphere model. Each of the
scenario components is represented by a communication element beside it. Within
every communication element, there are four building blocks, i.e., Cyberworld,
Open Service Platform, Interconnectivity and Access which represent four
different functionalities. A scenario component primarily offers one of the four
functionalities, thus the corresponding communication element is connected to
another one through its functionality building block. All of the scenario
component communications are indicated through proper linkages among
communication elements. In order to clearly show the navigation communication

picture, all of scenario components are removed with only spheres,
communication elements and their linkages left (see Fig. 23). The resulting model
emphasizes the functionality of every scenario component in the wireless world,
which is reflected through linkages to and from its communication element’s
functionality building block.
Fig. 24 presents the reference points in and between communication elements.
It is an example for looking into reference points associated with the Cyberworld
building block. CC means the Cyberworld-Cyberworld reference point between
two communication elements. CP means the Cyberworld-Open Service Platform
reference point within a communication element. In Fig. 24, a number of
functionality properties for reference points CC, CP and the Cyberworld building
block are listed, and these are drawn from CyPhone navigation scenarios. These
properties may vary in different wireless communication cases.

• Service/Access
Discovery
• Security &
Authentication
• Addressing &
Identification
• Media Routing &
Delivery
• Environment
Monitoring
• Service Handling

• Properties:
- Tx Speed Capacity, Rx Speed Capacity
- Tx Latency, Rx Latency
 Protocols:
- Streaming, adaptive mobile code protocol

Communication Element

CC

Cyber
World
Node

CC

CP

PP

OSP
Node

PP

PI

II

InterConnectivity
Node

II

IA

AA

Access
Node

AA

Cyberworld-Cyberworld Connection

• Presence Properties:
- physical
- virtual
- augmented
• Identity Properties:
- SIM/GSM
• Interaction Properties:
- virtual reality
- augmented reality
• Application Properties:
- Navigation
- M-commerce
- Messaging
• Cyberhost Properties:
- computing speed
- memory capacity

Fig. 24. Static communication element description with reference point properties.

Fig. 25 is an example of internal dynamic modeling between two building blocks,
the Cyberworld and the Open Service Platform. It describes the dynamic
71

communications between the two building blocks for service discovery. In Fig. 25,
services reside in the Open Service Platform in the form of various service objects.
Lookup servers act as the reference points between the two building blocks. The
services first join the Lookup servers, and pass their service objects and additional
information on to Lookup servers. Then the Cyberworld client commits the
service discovery procedure to find out what kind of services are on offer. After
communicate with the Lookup servers, the Cyberworld client gets the reference to
the desired service objects, and it then retrieves the service objects and starts
using them. The internal dynamic model gives a micro dynamic view within a
communication element for wireless services and applications.
Cyberworld
Host

3

3

2

2

2

3
Lookup Server

1

4

1

4

4

1

Service Object 1 Service Object 2a Service Object 2b

Open Service Platform

1.
2.
3.
4.

The services join the Lookup server and pass their service objects
and additional information on to it.
The Cyberworld client commits the discovery procedure to find
out what kind of services are on offer.
The Cyberworld client gets the reference to the desired service object.
The Cyberworld client retrieves the service object and starts using it.

Fig. 25. Internal dynamic model of Cyberworld and open service platform.

Fig. 26 and Fig. 27 illustrate the peer to peer (P2P) dynamic modeling procedure.
It starts with selecting the reference points of interest for modeling. In Fig. 26, six
reference points are identified for indoor and outdoor navigation modeling, and
they are the User (CyPhone), Local Positioning System (LPS), Global Positioning
System (GPS), Virtual Reality Environment (VRE) server, Geographical
Information System (GIS) server and the Printer.
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Fig. 26. Selected reference points of interest in CyPhone navigation services.

In Fig. 27, we use a Message Sequence Chart which is an efficient method for
modeling dynamic real time systems. Fig. 27 is the final model of peer to peer
dynamic modeling of CyPhone indoor navigation for the printer and outdoor
navigation for the hotel. Reading the model is easy. The user first powers on the
CyPhone and it will automatically establish global positions by activating the
global GPS. The local positioning system is then launched for specific mobile
services. The local positioning data is displayed through the CyPhone. Now the
CyPhone system is ready for navigation services. Following the command “guide
to printer”, the CyPhone system will enable VRE capability. A request is sent to
the VRE server for directions to the printer and the feedback is displayed through
the CyPhone Augmented Reality (AR) system. This request and feedback process
is carried out regularly at a predefined rate. When the user is close enough to the
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printer, the document data is sent to the printer for printing. When the user finally
reaches the printer, the documents are ready to pick up. The outdoor navigation
for the hotel has the similar dynamic communication process by using the GIS
system. The peer to peer dynamic model gives a system perspective of reference
modeling; hence, it is helpful in analysing and understanding wireless and mobile
communications at a system level.
User

CyPhone

LPS

GPS

VRE server

GIS server

Power on
Establish global positions
Request global GPS data
Global GPS data
Local positioning
Request LPS data
Display LPS data
Indoor navigation for printer
Guide to printer
Enable VRE
VRE model request (location data)
VRE model with direction to printer
AR display
Update VRE direction to printer

Send document data to printer
Printing completed
Document available?
Display document ready!
Outdoor navigation for hotel
Guide to hotel
Enable GIS
GIS model request (location data)
GIS model with direction to hotel
GIS display l
Update GIS direction to hotel
Close enough?
Display hotel reached

Fig. 27. Peer-to-peer dynamic modeling in CyPhone navigation services.
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Printer

3.2

The Cyberworld reference model

Cyber is originally associated with the word cybernetics, which means the study
of control and communication in living and artificial made systems. The word
cybernetics is again from the Greek word kubernan, to govern. Cyberworld can
be defined as a virtual world, a parallel world created and sustained by the
world’s computers, wearable communication terminals and deviceless interfaces.
In the Cyberworld we can stay in touch with our agents, knowledge databases,
communities, and use electronic services and transactions.

Values
Safety

Belonging

Privacy

Control

Capabilities
Self-Actualisation

Natural
Interaction

Ubiquity
Personalization

Human Capability
Augmentation
Ambient
Awareness

Consistency

Adaptation

Presence
Application

Identity

Interaction
Application

Personalization
Application

Cyberhost
Cyberworld
Fig. 28. The Cyberworld reference model.

The Cyberworld reference model (see Fig. 28) describes the key requirements at
the user and application layer in mobile and wireless services. There are a number
of values or requirements demanded by end users; for example, self-actualisation,
privacy, safety, belonging, control, and human capability augmentation.
Developers of mobile and wireless applications may also express some technical
requirements which are described in the “capabilities” category: consistency,
personalisation, ubiquity, natural interaction, ambient awareness, adaptation.
Users will need to go through a number of processes in order to have the
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applications. The presence process is ambient awareness of the users. An
identification process is then required for authorization purposes. It then comes
with the interaction and personalisation processes with those applications which
are rooted on the Cyberhost.
The main components of the Cyberworld reference model are illustrated in
Fig. 29. A more detailed description of the Cyberworld reference model can be
found in Article II. The main components are further described in the following.

Cyberworld
Presence

Identity

Interaction

Personalization

Application

Cyberhost

1. Personal
area
2. Ambient
3. Partners
4. Periphery
5. Outside

1. User
identity
2.Pseudonym
3. Alias
4. Avatar
5. Trusted
partner
identity

1. Modality
2. Positioning
and
orientation
3. Timing
4. Space

1. User
2. Content
3. Service
4. Profile
5. Context
6. Preference

1. Standalone
2. Client
3. Server
4. Persistent
5. Resident
6. Remote

1. Host
server
2. User
equipment
3. Capability
negotiation
4. Security
framework

Fig. 29. The Cyberworld structure for the wireless world.
–
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Presence: the WSI reference model establishes three spheres, i.e., personal,
local and global spheres. The Presence component in Cyberworld describes
the sphere of information that is presented or available to the user. It refines
the three generic spheres into five dynamic sub spheres: Personal, Ambient,
Partners, Periphery and Outside. Personal is the zone containing all personal
information and tools that can be reached or accessed by the user. The
Ambient sub sphere is about the environment containing the personal area.
Partners are people or machines that are interacting or exchanging
information with the user. Periphery is defined as the area that the user is
aware of and that is not part of the previous spheres. Outside is everything
else that the user does not have knowledge on. The outside and periphery
correspond to the global sphere. Partners and ambient are within the local
sphere and personal is the personal sphere.

–

–

–

–

–

Identity: the mobile services and applications are expected to run within a
secure environment. The function of Identity is to provide security and
privacy, while at the same time allowing a tailored interaction based on user
needs. The Identity function includes User identity, Trusted partner identity,
Avatar, Pseudonym and Alias that are used to fulfil identity and secure
requirements in mobile service execution. For example, family members can
use a trusted partner identity. Avatar is a digital character. Pseudonym looks
like a normal user identity, but is in reality a second and unofficial identity.
Alias is visibly a second unofficial identity.
Interaction: by its very nature Interaction contains the issues of Modality,
Positioning, Orientation, Timing and Space. The Modality is about interaction
classification, which could be defined according to different criteria like the
level of interaction and the amount of interaction etc. Positioning and
Orientation are key functions for successful Augmented Reality and Virtual
Reality applications. Timing is used for tracking the movements and is also
needed for logging. Space refers to the interaction environment and limitation.
Personalisation: personalisation is to enhance user experiences in mobile
services. Personalisation can be classified into user, content, and service
personalisation. In mobile services, end users play a key role in a high value
added mobile service. Personalisation of content and service is one important
dimension, and is an enabler of high values in mobile services. Other
elements in personalisation include user profiling, service context and user
preference. Personalisation requires understanding a user’s individual
preferences while providing the appropriate interaction modalities,
applications, services and content.
Application: the Application, as in mobile services, can be classified as:
Stand-alone, Client, Server, Persistent, Resident and Remote. Various existing
mobile applications can be fitted into these categories. Persistent is when the
application is running from ROM. Resident is being run permanently in the
memory, while Remote is being run remotely.
Cyberhost: the Cyberhost provides a standardized local execution
environment for mobile services and application. A capability negotiation and
security framework are the most important generic Cyberhost requirements. It
should also support the negotiation of capabilities with other Cyberhost’s
servers and underlying service platforms, and it should offer a security
framework for the execution of various applications.
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–

–

–

Values: the Values are defined as important functions concerning user–
cantered mobile service and application development. All the mobile services
should be driven by user needs. Research in this area includes studies to show
how the key characteristics of mobile users form the rationale for developing
services that are wanted and easily approved of by the consumers. Mobile
users can be modelled by relying on the analysis of cognitive cultural
schemes, emphasizing transfer, social group factors and motivation. QFD is a
powering method to collect, prioritize and balance user needs and use this
information for developing better user-centred mobile services.
Capability: the Capability of mobile service application reflects the internal
and external mobile service requirements and characteristics. It consists of the
following six functions: Consistency, Personalisation, Ubiquity, Natural
Interaction, Ambient Awareness and Adaptation. These application
Capabilities represent implementation requirements and characteristics of the
mobile service applications. They address the values of the service system or
network beyond the user needs, and act as a linkage between user values and
mobile service development.
Cyberworld reference model implementation: the reference model
implementation is defined as five phases: reference model, formalized model,
simulation model, prototype implementation and integrated prototype
implementation. The reference model phase is to build a general and abstract
model for the Cyberworld. A formalized model is a model with detailed
definitions and structures built on a specific service case. By using a
simulation model we can run animated simulation to get a better
understanding of the general reference model. The prototype implementation
phase is used for laboratory test of theory, for example, separate components,
and real-time execution capability. Integrated prototype implementation is the
last phase and it is the first real test of the whole system.

3.2.1 The Cyberworld technology roadmap
The technology roadmap is drawn in Fig. 30. Several important components are
listed on the left of the roadmap, and each of them contains a cluster of
technologies with the exception of the Cyberworld Reference Implementation
component, which is divided into five individual implementation phases. Three
timeframes, i.e., 2003-2005, 2006-2008 and 2009-2012 are defined to host the
enabling technologies with some of the technologies spanning two or all of the
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three timeframes. New technologies are to be identified and developed to meet
the increasing demands from the challenging mobile world.
Intelligent Agent:
Single dynamic
Multithreading agents with dynamic control
Presence Service:
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Fig. 30. The Cyberworld technology roadmap.
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3.2.2 Case study and validation: dynamic modeling of mobile
scenarios
In this section, a detailed case study (which can also be found in Article II) is
presented for dynamic modeling of mobile services and both a ladder model and a
loop model of dynamic modeling are used in this case study. The aim is to capture
and model the essential components, their functions and dynamic interactions in
high value added mobile services. The dynamic modeling process and outcome
will help mobile services design and development. The dynamic modeling
indicates the dynamics of the objects and subsystems, and their changes in state.
By exploring the behaviour of the objects over time and the flow of control and
events among the objects, the dynamic model captures the essential behaviour of
the system. In mobile scenarios, dynamic modeling concludes by building
enhanced mobile scenarios between the subsystems and events. In contrast to the
Object Modeling Technique (OMT), a subsystem is treated as a black box, i.e.,
the interactions are with the subsystem as a whole, and not with its parts.
However, in a mobile scenario, several environment objects or complete
subsystems may interact with the subsystem being analysed. A mobile scenario
may represent a complete operation, a set of operations, or only a part of an
operation. It shows valid sequencing of events observable in a particular situation,
which may be an error situation. A mobile scenario may show the time outs
between the events, the changes in the subsystem states and also the expected sub
operations carried by the subsystem between a sequence of events. The mobile
scenarios are built for all important and complex operations of the subsystem,
including error cases where the handling of errors is not trivial.
The message sequence chart (MSC) notation specified in ITU standard Z.120
(Z120-94) is used to present the mobile scenarios. The standard also provides a
textual notation, but in this thesis the description is restricted only to the graphical
notation part, and it is explained using the following CyPhone example.
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Fig. 31. CyPhone system layout.

In Fig. 31, the CyPhone system layout is demonstrated, containing the most
essential enablers for the ensuing outdoor navigation mobile service. The main
components are a head-mounted display (HMD) for display purposes, an image
processing unit, and a special phone called the CyPhone. The connection between
the HMD and the processing unit is a fixed cable connection while a wireless
connection, for example Bluetooth technology, is used for the connection between
the processing unit and the CyPhone. The CyPhone system was particularly
designed for ambient services.
In this example we use a personal mobile navigation example to discover
interesting places, such as museums or shops offering discounts in both
unfamiliar and familiar cities. This kind of service can be easily implemented
with GPS and an orientation sensor.
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Fig. 32. A screen shot of the CyPhone outdoor navigation service through the HMD.

Let us have in our mobile scenario a hungry user who wants to eat some fast food
in urban outdoor environment. The user already has his user profile ready in the
CyPhone telling that the user prefers certain sorts of fast foods. He selects the
food category in his phone, which starts to calculate the shortest routes for a few
of the nearest places. (The maximum searching distance is defined in the user
profile). Then the phone can give one to three choices for the user. For example,
one option is to go to the nearest place and another to go a little further, where a
special discount suitable for a student budget is offered. After selecting the
destination, the shortest path to the destination will be displayed among other
information like distance and estimated travelling time. In our scenario, a screen
shot of the navigation service is given which is the view through a see-through
HMD. In the top right corner there is a map showing the route with red footprints
(see Fig. 32). Street names, distance to destination and estimated time of arrival
(ETA) are also shown on the screen.
The end-to-end layout in Fig. 33 clearly describes the CyPhone outdoor
navigation scenario communication entities, and their interrelationships and
interactions.
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Fig. 33. End-to-end layout of the CyPhone outdoor navigation scenario.

The vertical axis in the ladder dynamic model (see Fig. 34) represents time which
is increasing from top to bottom, and hence interactions are understood to follow
each other in time. Communicating entities (the subsystem being analysed, and
objects and other subsystems from the environment) are represented by vertical
lines concluded by small solid rectangles, whereas their names are entered into
boxes attached to the top of the lines. An interaction (event, message) between the
entities is represented by a normal horizontal arrow and is labelled with a name.
The time-out is represented by an arrow symbol and it is labelled with the value
of the time difference. Sub-operations are shown in normal boxes attached to the
entity that performs them. The box with triangular sides is the condition symbol
that can be used to describe the state of an entity or of a group of entities. In the
latter case, the symbol is extended over the entities’ symbols. If an entity is not
involved with the condition, then its symbol appears through the condition
symbol.
Reading the ladder dynamic model is easy. In Fig. 34 we have five
communicating entities, namely User (with HMD support), Access (CyPhone),
Communication, Cyberworld (Food store) and Clock. The user first turns on the
CyPhone with the command “Power on CyPhone” and it is ready within 5
seconds. It is then followed by the command “search for shortest fast food store”.
The phone begins to search in the user profile for food data, which is preinstalled
in its memory. After processing and communicating with the selected fast food
store, it will calculate the shortest route to the store and the estimated travelling
time. These messages are sent back to the user and displayed through the HMD.
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This process takes 3 seconds to complete. The CyPhone then sets 10 seconds as
the regular updating time for distance to destination and estimated time of arrival.
Every 10 seconds the above calculating process will be repeated and updated
information is sent back to the user. When the distance to destination becomes
zero, the user reaches the fast food store and the outdoor navigation process is
completed.
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User (with
HMD)

5s
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(CyPhone)
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Cyberworld
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Clock

Power on CyPhone
Search for shortest
fast food store
Locate user profile data
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Calculate shortest route to fast food store
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Calculate estimated time of arrival (ETA)
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Start updating distance to destination
Distance to destination updated
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to destination
Distance to destination updated
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time of arrival
Test distance to destination
Distance to destination
Fast food store
reached!

Distance to destination = 0

Fig. 34. Dynamic model of CyPhone outdoor navigation scenario – ladder model.

The dynamic ladder model clearly describes the operation of a communication
entity across its application boundary, and addresses the real-time, reactive
aspects. It explains under what conditions the operations are performed, and how
long they are allowed to take. It captures the order of interactions between the
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entities and the environment needed to perform an operation, shows what
operations are possible in different states and how different operations affect each
other.
However, the dynamic ladder model using the message sequence chart (MSC)
notation does not have specific support for iterations, i.e., loops. A commonly
used technique is to repeat the interactions a couple of times and add dots to
indicate the repetition. The dynamic loop model is therefore demonstrated in Fig.
35. The dynamic loop model has the feedback loop structures, which are essential
in physical and non-physical systems.
Cyberworld
(Fast food store)

Distance to
destination

Estimated time
of arrival

Communication

Clock
Access
(CyPhone)

User (equipped
with HMD)
Fig. 35. Dynamic model of CyPhone outdoor navigation scenario – loop model.

3.3

The ontology based model

The detailed description and discussion of ontology based approach can be found
in Article III. Personalisation of mobile services is important for a high quality
mobile service which can meet user requirements in a mobile life. Jorstad (2006)
examined mobile service personalisation and continuity for next generation
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mobile services. In this research, an ontology based model, originally proposed by
Sironen (2003), was extended for mobile data management as well as for
personalisation of mobile services. In the proposed model the portable wireless
information device (WID) concept is one of the main contributions towards
existing knowledge on information and data management. The proposed model,
when properly implemented, will significantly improve information security since
everyone will be able to control the accessibility of his or her own information.
Furthermore, updating personal data will be much easier because the data will be
stored in the person’s own WID.
In mobile services, one of the main challenges is to exchange information and
data smoothly across mobile devices and networks, i.e., to make data “available”
and “mobile”. However, many mobile services are separate in nature and
information, and data cannot be exchanged between them and any other third
party. In this research, an ontology based model was proposed whereby
information is modelled and stored so that it can be shared across application
domain boundaries without the need to know to by whom, where or how the
information is going to be used. The ontology based approach is a proven
alternative for intelligent information and knowledge management for exchanging,
sharing and reusing the relevant information and knowledge. Ontologies are
content theories about the sorts of objects, properties of objects, and relations
between objects that are possible in a specified domain of knowledge. They
provide potential terms for describing our knowledge about the domain
(Chandrasekaran et al. 1999).
An ontology based model was developed which is demonstrated in Fig. 36.
This model proposes an innovative way for personal data retrieval and
management. One of the most essential concepts is that the personal data is stored
in a portable wireless information device (WID) and can be retrieved at any time
and integrated into the organization’s information system. By using this model,
the security of information exchange and storage will be significantly enhanced,
and it also ensures seamless information exchange, sharing and usage between the
person, the WID and the organization.
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Fig. 36. The ontology based mobile data management model (modified from Sironen et
al. 2004).

In the above model Ontology is the place where ontology of the information is
stored. There may be several ontologies located in the public network, and they
may be connected to each other. There may be ontologies in local area networks
too, but they cannot be accessed from the public network without authorization.
Outsiders cannot access the data in a WID if it is stored using private ontology
because private ontology is under the full control of the owner, and authorization
and authentication will be needed to have access to it. Also the access rules are
recorded in ontology (using RT and RB-RBAC practices) as they too are part of
ontology. The maintainer follows the ontology building steps to create a number
of information usages which formally describe what attributes belong to which
classes, what the functional relationships are between classes and how they can be
used. Also the structural relationship (taxonomy) between classes and information
usages is an important part of ontology. When information usage is built
following these steps, the existence of information in the WID is in the form of
directed graphs which also contain a digital signature of the information producer,
thus certifying the source of information. When the WID contains plenty of
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directed graphs they gather together to form a huge information network.
Certificate directory services are standard X.509 directories containing
certificates, CRLs etc. ISP is short for Internet services provider; the Mobile
operator is for example Sonera or Vodafone; the Information systems and
database are any system containing some person-related information. The User of
the system is an information consumer or producer, and the organisation in which
the user is working is most often regarded as the information owner. Server
software is a software package that transfers data from/to the WID, reads ontology,
maps data between the WID and the IS, authorizes users with access rules from
the ontology and authenticates users via X.509 certificates and encrypts/decrypts
data; Local information storage caches all retrieved data for some time. Cached
data is encrypted so that outsiders are not able to read it. The information
consumer/producer may access information through a public network or using a
direct connection (such as using Bluetooth or IrDA) between the WID and the
workstation.
A more detailed description of the WID and a case study of the ontology
based model are presented in the following sections.
3.3.1 The wireless information device
A wireless information device (WID) is a novel concept for mobile data
management. Full mobility of users is supported through the use of a WID. The
content stored in a WID can be any information and data in practice. The WID
basically resides with the user; therefore it is easy for the user to update personal
information or data stored in the WID. The use of a WID will also significantly
increase the security level of the system because authorization will be needed in
order to have access to the WID. The WID is usually located in a local area
network and is basically under the protection of a firewall and the network. This
also increases the security level.
Therefore, proper integration of the WID concept into a mobile information
system will significantly increase the mobility, personalisation, and security levels
of a mobile system.
3.3.2 Case study and validation: healthcare service
The ontology based model is now applied to a healthcare environment for senior
citizens as a case study to validate and demonstrate the concepts. In this case
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study, the information is exchanged between the senior citizens, the medical
doctor and a WID. Detailed steps to define and develop the ontologies are
illustrated which contain a number of attributes and classes; for example,
medicine, prescription, number, date etc. The whole case is well illustrated and
demonstrated resulting in a sound validation of the model (see Fig. 37).
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Fig. 37. A case study of an ontology based mobile healthcare system (modified from
Sironen et al. 2004).

When a user wants to utilise some information in the WID, he/she (or the server
software of the IS on behalf of him/her) makes a request to the WID with the
desired object identifier (OID) of usage and an optional OID of usage. The server
software of the WID then locates nodes with the given OID and follows every
path of a graph on a given usage, and collects every attribute value connected to
arcs. Also stored verification objects of nodes are returned. Authorization rules
may prevent access to some paths in some user roles, thus restricting access to
information. Information usages are organized as a structural taxonomy in the
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ontology. Lower classes inherit all the attributes and other relations of higher
classes, and normally they add some new attributes and relations. Also classes and
user roles are organized as taxonomy.
3.4

Summary

This chapter was on reference models and reference modeling of mobile services.
The WSI reference model was first described, and the University of Oulu was one
of the seven participants in the model development process. The concept of
communication element was also introduced, which is based on the WSI
reference model. The communication element can represent any component in the
wireless world, be it a user, a mobile phone, a computer, or Bluetooth technology.
Thus all components in the wireless world can be represented by the
communication element by attaching the component to one of the four building
blocks of the communication element, i.e., the Cyberworld, the Open Service
Platform, Interconnectivity and Access. Three spheres of the wireless world were
also defined in this research and they are the Personal Sphere, Local Sphere and
Global Sphere. The communication element together with the sphere concept are
used in the reference modeling approach.
In order to validate the WSI reference model, a step-by-step reference
modeling approach is presented with a case study of CyPhone mobile navigation
services (indoor airport printer searching and outdoor downtown hotel searching).
In the case study, the challenging task for reference modeling of the CyPhone
mobile navigation services has been achieved successfully. The static reference
model, as well as the dynamic internal model and dynamic peer to peer model
have been established. The dynamic reference models expressively describe the
interaction among communicating entities over time. Static and dynamic models
are complementary in a way that could be used to give a comprehensive view of
the mobile service scenarios for development and deployment purposes. The
dynamic reference modeling approach is being increasingly used in research in
diverse areas. The unique characteristic of this approach is its ability to represent
the real dynamic world, thus offering justification of its role in the modeling
community.
In this chapter, as a specification of the WSI model, the Cyberworld reference
model and the Cyberworld technology roadmap were developed to model mobile
services from a user-centred perspective. A series of definitions of the Cyberworld
reference model components were described. A dynamic ladder model and a
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dynamic loop model were presented in the form of a case study using an outdoor
navigation mobile service for fast food store searching. The Cyberworld reference
model is a user-centred reference model which is particularly useful for
understanding and developing user-centred mobile services.
The reference models and reference modeling approach presented in this
chapter serve as a basis for the design and development of high quality next
generation mobile services. The reference models and reference modeling
approach will continue to significantly contribute to the understanding, design
and development of high quality mobile services in the wireless world.
In this chapter, a novel ontology based model was developed for mobile data
management to realise user demanded features such as personalisation, security
and mobility in mobile services. The most essential results of the model are the
introduction of a WID and definitions of formal ontologies residing in
information directories that enable a description of all information concerning a
person and the server software, allowing an exchange of information between the
organization’s information system and the personal information storage. The
research also solves two of the most important problems concerning the
implementation of the system: the way by which the ontology of the personal
information is defined and developed to enable its shared use across domains, and
the way by which the privileges are formulated to make their control reasonable
for one single person and to integrate them seamlessly into the ontology. The
developed ontology based system incorporating a WID will significantly improve
personalisation, mobility and security levels of mobile services. The ontology
based approach was also illustrated and validated using a mobile healthcare
service for senior citizens.
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4

Mobile service design

ISO 8402 defines quality as “The totality of characteristics of an entity that bear
on its ability to satisfy stated and implied needs.” In the mobile service industry,
meeting user requirements is one of the most important criteria for evaluation of
the quality of mobile services. However, user requirements or user needs are not
monolithic, and there are spoken and unspoken requirements as well. How to
identify user requirements for next generation mobile services and how to build
these requirements into the services are challenging tasks for the current mobile
service industry. Therefore we need a systematic approach for a better mobile
service design, to meet the demands of users and to improve the quality of mobile
services.
In this research, a number of approaches and methods were proposed and
analysed for improving the quality of mobile services from the design stage.
Focus was laid on the Quality Function Deployment (QFD) approach which was
adopted as a systematic approach for mobile service design and development. By
using QFD, the user requirements are identified and prioritised and then built into
mobile services. QFD is traditionally used in the manufacturing industry. In this
research, the QFD approach is extended to the mobile service industry for mobile
service design and development for the first time. Selected mobile service designs
were carried out as case studies to demonstrate and validate the QFD approach.
The results showed that by using QFD approach user requirements are sure to be
satisfied, and the developed mobile services will better meet user needs, thus
significantly improving the quality of mobile services.
The publications related to this chapter are Article IV, Article V and Article
VI.
4.1

User requirements for mobile services

For mobile service there are generic user requirements or user needs, and we can
group these user requirements into three categories economic needs, social needs,
and behaviour needs. Each of the categories can be further divided into more
detailed user needs (see Fig. 38). Economic user needs focus on the economic
requirements of mobile service users; for example, they value features such as
cost effectiveness, value functions, time saving. Social user needs consider user
requirements from a community environment perspective; for example, social
functions, accessibility and attractiveness are important values for community
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mobile services e.g., chatting, mobile virtual games. Behaviour user needs
concern a variety of user behaviours; for example, feeling safe, self expression,
excitement, and control. For example, excitement means that new functions or
new services that will cause user excitement, i.e., delight the user.
User Needs

Economic
(User)

1. Cost effectiveness
2. Value functions
3. Time saving

Social
(Community)

1. Social functions
2. Accessibility
3. Attractiveness

Behaviour
(Variety)

1. Safety
2. Self expression
3. Excitement
4. Control

Fig. 38. Generic user needs for mobile services.

However, this is a generic classification of user needs in mobile services. The
more specific user needs will depend on the nature of mobile service itself (e.g.,
mobile virtual gaming vs. mobile payment) and the user group (e.g., teenagers vs.
business men).
A mobile service triangle model is shown is Fig. 39. It classifies typical
mobile services into three categories person-to-person based services, virtual
community based services, and content based services.
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Fig. 39. Mobile service triangle model (modified from Pulli 2005).

Person-to-person based mobile services mainly concern the simple call, SMS etc.
Virtual community based services are those mobile services operating in a
community environment e.g., BBS, chat, mobile games. Content based mobile
services value mobile service content most in the mobile commerce industry. The
user requirements are therefore quite different for different mobile services.
Economic and behaviour requirements dominate for person-to-person based
mobile services because individual users will want to have cheap yet valued
added mobile services. Social and behaviour requirements dominate for virtual
community based services as these mobile services are communicative and
collaborative in nature. Economic and social requirements dominate for content
based mobile services; for example, in a mobile advertisement service, the focus
is on the influential side of the service in society, while such a service should also
be economical as well.
Mobile service users from different user groups usually have different user
requirements. At least three different user groups exist in the mobile service
industry, i.e., teenagers, business people, and elders.
–

–

Teenagers. Teenagers or trend-setters will usually have economic and
behaviour requirements for mobile services. They would like to have a good
priced mobile service while they want to function in the service, feeling
exciting and having control of the service.
Business people. This user group seeks fast and reliable mobile business
services such as a mobile office service. These users are more concerned
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–

4.2

about economic and social requirements. They also care about the security of
mobile services
The Elderly. Old people or patients often have physical disabilities or amnesia
problems in daily life. Therefore these users care more about the easy-tooperate features of mobile services. Mobile services for the elderly should
also be safe, economic, reliable, and should have an emergency function in
the service.
Mobile service design: the QFD approach

QFD is a customer-driven tool in implementing Total Quality Management (TQM)
(Kaulio 1998). It is an overall concept that provides a means of translating
customer requirements into the appropriate technical requirements for each stage
of product development and production (Sullivan 1986). QFD is also defined as a
quality based method for increasing customer satisfaction and value with products
and services by translating the Voice of Customer (VOC) into design
specifications and implementation instructions, ensuring that the organization will
carry them out and give customers what they will pay for. Its power lies in the
fact that it lays bare an organization’s processes and how these processes interact
to create customer satisfaction and profit (Raynor 1994). The Japanese view QFD
as a philosophy that ensures high product quality from the design stage. The aim
is to satisfy the customer by ensuring quality at each stage of the product
development process (Lockamy & Khurana 1995).
QFD can be credited to Professor Mizuno, and it was introduced in the early
1970s to help design supertankers in Mitsubishi’s shipyards in Kobe, Japan. Its
original Japanese designation comes from hin shitsu ki no ten kai, a phrase coined
by Dr Yoji Akao in the 1960s (Akao 1990). Literally, it can be translated as:
hin shitsu – Quality, attributes or features
ki no – Function or mechanization
ten kai – Deployment, diffusion, development (Cohen 1995, Tottie & Lager
1995)
Since Dr Akao’s paper on QFD at a conference in Chicago in 1983, many
industries have disseminated the method, and a large number of research articles
and books have been published on the use and benefits of QFD.
QFD has been widely applied in the product and manufacturing industries;
for example, machine building, consumer products, food and beverage,
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automobile and aerospace industries etc. In the early 1990s, QFD techniques were
adopted by US firms to reduce the time to market, decrease costs of design and
manufacture, and increase overall product quality. Today’s successful productoriented companies are focusing on these three main goals to improve their
competitive advantage (Morris & Morris 1999, Prasad 2000).
However, QFD can also be extended to service industries including, among
others, airlines, resort hotels, education and healthcare services. The processes of
quality assurance and product design present unique challenges when applied to
services (Deighton 1994, Dube & Morgan 1996, Arnould & Price 1993). This is
particularly true for mobile services, for a single ‘product’ is made up of physical
goods, while mobile services are embedded within a series of discrete
consumption and interaction experiences. Recently there have been a few articles
on the application of QFD in service industries. For example, a QFD system for
police services was implemented at a federal police station in Belgium in order to
match better the demands and needs of the general public and the authorities with
the activities deployed by the police station (Willem & Jos 2001). RainStar
University in the US has adopted QFD to construct a higher education curriculum
to ensure that its curriculum could be analysed critically and remain responsive to
change in order to meet the needs of the real world (Bler & Cornesky 2001). A
more recent paper applies QFD to enhancing nursing home service quality. The
author identified the first two areas requiring improvement in nursing
organizations; these were the speed in handling an emergency, and the recruitment
of specialized medical personnel (Chang 2006).
However, QFD has not so far been deployed in the mobile services industry.
In this research, a generic QFD framework is proposed for implementation in
mobile services design and development. An example is presented to illustrate the
use of QFD for mobile e-learning services for university students and lecturers.
4.2.1 The QFD process
In the mobile services industry, the QFD approach can be implemented
throughout the mobile services design and development stages. The QFD process
and case studies can be found in Article IV and Article V. A generic framework
for the application of QFD in the mobile services industry is given in Fig. 40.

97

Technical
characteristics

QFD
Mobile
Services
Design

Hardware,
software & content
Technical
characteristics

VOC
Identification
&
Segmentation
- basic
- value-added
- excitement

VOC

Mobile
Services
Categorization
- basic
- business
- entertainment

QFD
Mobile
Services
Development

Mobile
Services
Deployment
- business
model
- cost
- time
- legal issues

Fig. 40. A generic framework for QFD application on mobile service design and
development.

In Fig. 40, there are five stages for the mobile service design and development
process. The five stages are explained in detail as follows:
1.

2.

3.
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Mobile services categorization. The first stage means before designing a new
mobile service it should be clear what this service is intended for, or what the
purpose of this service is. Is it for entertainment purposes, such as mobile
gaming, or is it a mobile service for business purposes, for example a mobile
office for database retrieving, or does it simply provide a basic service, for
example remote control of home appliances from outside the home? The
nature of the service itself will in a way determine customer requirements for
this service.
VOC Identification & Segmentation. During the second stage, the voice of
customers must be carefully listened to, both spoken and unspoken wants and
needs should be identified. This is usually through different survey
methodologies, such as a paper questionnaire, telephone interview, and
brainstorming. The various customer requirements for mobile services will be
further classified as basic functions, value-added functions, and excitement
functions. The basic functions are must-be functions because it will lead to
immediate customer dissatisfaction without these basic functions. The valueadded functions are those functions which can bring more satisfaction; the
more value-added functions, the more satisfaction customers experience. The
excitement functions are functions which are basically not expected by
customers. With the addition of excitement functions, the customers’
satisfaction will be dramatically enhanced.
QFD Mobile Services Design. The QFD approach is formally employed at
this stage for building VOC into the technical characteristics or requirements
of mobile services for implementation. This stage is called House of Quality

4.

5.

(HOQ) building, and the detailed process will be described in the following
sections. The technical characteristics are weighed and prioritised, and serve
as inputs for the next HOQ in mobile services development.
QFD Mobile Services Development. After the QFD mobile services design
stage, it leads to the service development stage. At this stage, the weighed
mobile services technical characteristics are linked with the mobile services’
hardware, software and service content providers. This stage is for real
service development.
The last stage is mobile services deployment. How and where should the
developed mobile services be implemented? How fast should the service be
brought to the market? What is the charging scheme for the service? What is
government regulation for these types of mobile services? These are some of
the questions that must be answered in the deployment stage. The mobile
services deployment stage plays a special role in the timely and successful
implementation of mobile services.

4.2.2 The voice of the customer
The VOC represents customer requirements for mobile services. There are
different ways of collecting VOC; for example, through a questionnaire, literature
survey, and interviews with field experts. After identification of the customer
requirements for mobile services, the next task is to weigh and prioritise these
requirements. In this research, we have segmented customer requirements into
three groups, namely basic, value-added, and excitement. The basic requirements
are those mobile service functions for successful service performance itself and
minimum customer satisfaction. For example, the text on a mobile device screen
should be clear enough for reading and navigation purposes. The value-added
functions are those functions which can bring more satisfaction, for example the
usage of colourful and animated text on the display will usually delight customers.
The excitement functions are functions which are basically not expected by the
customers and they are unaware of what they are missing. The addition of these
functions will enhance customer satisfaction to a great extent.
The purpose of segmentation of customer requirements is to treat them
differently when weighing up the importance of these requirements. Customer
requirements are not equal in terms of customer satisfaction. Some requirements
are more important to the customer than others, and some are important to the
customer in different ways than others. In practice, we can adjust the importance
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ratio in the calculation of weights in QFD. For example, the following
approximate transformation function can be derived for the adjusted importance
ratio (Tan & Shen 2000).
IRadj = ( IR0 )1/ k

(1)

Here IRadj is the adjusted importance ratio and IR0 is the original importance
ratio and k is the importance parameter for different segmentation requirements.
For example, we can choose ½, 1 and 2 for basic, value-added, and excitement
customer requirements respectively. Therefore, the importance ratio can be
adjusted using the above equation.
4.2.3 The House of Quality
The House of Quality is the primary planning tool in the QFD approach. It is a
conceptual map that provides the means for interfunctional planning and
communication of customer requirements and technical responses. In the HOQ,
the relative weights of customer requirements are obtained from the customer
themselves. The question ‘How important is the requirement to the customer?’ is
answered directly by market research. Here, the customers need not make
pairwise comparisons, but are asked to give each requirement a number
expressing the relative importance according to their own considerations and
criteria; this is the basis of the prioritisation matrix method in the HOQ. The steps
to build the HOQ are:
I
II
III
IV
V
VI

list customer requirements (whats)
list technical characteristics (hows)
develop a relationship matrix between whats and hows
develop an interrelationship matrix between hows
develop prioritised customer requirements
develop prioritised technical characteristics

An HOQ model is illustrated in Fig. 41. In the model, the collected customer
requirements are located at the left hand of the HOQ, while the corresponding
technical characteristics are at the top of the HOQ. The roof of the HOQ is a
correlation matrix which examines the interrelationships between various
technical characteristics. The right side is the customer importance rating for
identified customer requirements. The bottom is the target specifications, i.e., the
prioritised technical characteristics. In the middle is the relationship matrix
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between pairs of customer requirements and technical responses making use of a
1-3-9 or 1-3-5 scale to denote weak, medium and strong relationships. A detailed
case study of HOQ building will be given in the following section.

2 Customer market
evaluations
(Whats vs. Whys)

Relationship matrix
(Whats vs. Hows)

Whys

1 Customer
importance rating

Customer
requirements
(Whats)

Correlation matrix
(Hows v. Hows)
Technical characteristics
(Hows)

Target specifications

How muchs

Fig. 41. The House of Quality.

4.3

Case study and validation: mobile e-learning

In this research, a mobile e-learning service is used as a case study for validation
of the QFD approach for mobile service design and development. The project
aims to carry out research and develop e-learning web services, as well as
electronic classroom teaching, based on innovative mobile instant learning
technologies and tools, and e-learning methodology and scenarios appropriate to a
community of e-learning students in northern Finland. One application of elearning services is to have access to daily classroom lectures through handset
mobile terminals, such as mobile phones or dedicated personal digital assistants
(PDAs) or computers. This way students from different locations in the country
may participate in a lecture, ask questions to the lecturer, through the use of
mobile terminals even when they are on the move. Students and lecturers are
connected through classroom computer servers and individual mobile terminals.
Both students and lecturers can actively participate in discussions, and the current
active speaker will have a face shot on the display. In order to design such a
101

mobile e-learning service, a QFD approach is adopted to best meet the desires and
needs of the customers, i.e., students and lecturers of the university.
4.3.1 Identification of VOC of mobile e-learning
In order to identify customer requirements for this mobile e-learning service, an
interview was performed among university students and lecturers. A number of
students and lecturers were interviewed in this study (Liukkonen & Salmela
2006). The students and lecturers were from different departments of the
university, including the IT department, economics department, medical
department, education department, and the language department. All of them have
some e-learning experience. The interviewees were also asked about the degree of
importance for the mentioned requirements. From the interviews, the six most
important customer requirements are identified and they are classified into the
three segmentations of VOC as shown in Table 5.
Table 5. VOC segmentation for a mobile e-learning service.
VOC segmentation

Customer requirements for mobile e-learning

Basic

(1) High quality images (2) No delay of sound

Value-added

(1) Easy mobile access (2) Easy to navigate

Excitement

(1) Attractive user interface (2) Innovative interaction and animation

In Table 5, the six most important requirements for mobile e-learning service are
categorized into the basic, value-added, and excitement groups. High quality
images and no sound delay are the two basic requirements. Most interviewees
mentioned the high quality sound requirement and it would be annoying if there
were some sound delay. The images and sound requirements are basic
requirements for mobile e-learning. For the value-added group, there are two
requirements, i.e., easy mobile access and easy to navigate. The e-learning
classroom should be easily accessed from mobile terminals or computers. The
navigation operation should also be easy; for example, the function menu should
be clear and easy to understand. For the excitement group, interviewees
mentioned an attractive user interface, and innovative interaction and animation.
All these functions will make them feel excited, and thus have more interest to
participate the e-learning process.
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4.3.2 Identification of the technical characteristics of mobile
e-learning
In order to identify the technical characteristics, a group of research engineers
participated a brainstorming to locate the most important technical characteristics
for meeting the customer requirements. In total, seven technical characteristics are
identified, i.e., network coverage, data transmission speed, display resolution,
terminal costs, network access cost per time unit, terminal size and weight, and
power consumption. These technical characteristics or requirements reflect the
practical technical descriptions from design engineers’ point of view. The
customer requirements and technical characteristics are linked in the following
HOQ.
4.3.3 The House of Quality for mobile e-learning
The House of Quality is illustrated in Fig. 42 without the correlation matrix for
simplicity. The six customer requirements are on the left of the HOQ, and they are
called demanded quality. The seven technical characteristics are at the top of the
HOQ, and they are called tech quality characteristics. In this example, we simply
use the number 5 to represent the highest rating, indicating strong importance of
high quality images for mobile e-learning. In the current mobile e-learning service
high quality images are only ranked 2 on a scale from one to five. This is
obviously not competitive. The competitors X and Y are ranked 3 and 2
respectively on high quality images. The competitors are also not good on this
point, hence an opportunity arises to increase the rank from 2 to 5 for high quality
images, and a plan is set.
The improvement ratio, meaning the degree of improvement, is calculated by
dividing the plan by the current service performance, i.e., 5/2 = 2.5. Sales points
reflect the vision of the designer on various quality items and are given values as
1 (weak), 1.2 (moderate) and 1.5 (strong). The absolute weight is calculated by
multiplying the customer importance rating x improvement ratio x sales points;
for high quality images we get 5 x 2.5 x 1.5 = 18.75. Finally, the demanded
quality weight is calculated by normalizing the absolute weights to a percentage.
18.75 / (18.75+5+2.5+1.5) = 67.6%. The demanded quality weight indicates the
criticality of high quality images based on the importance to the customer,
competitive position and designer vision.
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Demanded quality weight (7)=(6)/sum(6)

Absolute weight (6) (6) = (1)x(4)x(5)

Sales point (5)

3.6 40.9

Plan (3)

Competitor Y

Improvement ratio (4) (4)= (3)/(2)

Competitor X

6.4 49.4

Customer importance rating (1)

4 1.3 1.2

Competitive position

No delay of sound

Power consumption

5 2.5 1.5 18.7 67.6

3

Terminal size and weight

2

2

Display resolution

3

3

Terminal costs

2

4

9
3
1

Data transmission speed

5

Strong relationship
Medium relationship
Weak relationship

Network coverage

Our current e-learning service (2)

Network access cost per time unit

TECH QUALITY CHARACTERISTICS

High quality images

WHATs vs. HOWs

DEMANDED QUALITY

Easy mobile access

3

4

3

2

4

1

Easy to navigate

3

4

3

4

4

1 1.5

4.5

Attractive user interface

4

3

4

3

4

1.3 1.0

5.2 45.2

5

3

2

2

5

1.7 1.5 12.8 61

Innovative interaction
Absolute weight

611 1454 850

136 123 514 233

Quality characteristic weight

15.6 37.1 21.7

3.5 3.1

1.2

45

13.1 6.0

Competitive benchmark
Our current service

500 256 512 100 10

50 800

Competitor X

600 128 512 150 8

75 1200

Competitor Y

400 64

Target specifications

1000 2M 1024 70

Unit

256 90

km Kb/s pxl

12

90 1500

5

50

500

Tcost. Ncost Weight
K$
$/Unit Kg Watt

Fig. 42. The House of Quality for mobile e-learning (without the correlation matrix).

After obtaining the demanded quality weights, we now can convert them to
technical quality characteristic weights in order to focus the design activity on the
most critical characteristic. The relationship between demanded quality and
quality characteristics is assigned a value based on a 1-3-9 scale where 9
represents the strongest relationship. Each demanded quality weight is then
multiplied by the relationship value in cells in its row. The products in each
column are summed to give an absolute weight. For data transmission speed,
multiply the demanded weight: 67.6 x 3 = 202.8, 49.4 x 9 = 444.6, 40.9 x 3 =
122.7, 45 x 3 = 135, 61 x 9 = 549. Sum, 202.8 + 444.6 + 122.7 + 135 + 549 =
1454. Normalizing it to a percentage, we get a quality characteristic weight of
37.1 %. This means, based on customer importance, competitive position and
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designer vision, 37.1 % of the mobile e-learning design focus should be put on the
data transmission speed. For example, a target specification 2Mb/s is selected for
the data transmission speed instead of our current 256 kb/s. The designer can then
select or develop appropriate mobile technology and a mobile terminal to achieve
this target. A new HOQ can be built for this purpose during the next QFD mobile
services development stage. Hardware, software and service content creation
should be developed at this stage. As a result, the mobile e-learning service will
best meet the needs of university students and lecturers in the information society.
4.3.4 Discussion
In this case study, we developed an HOQ for a mobile e-learning service for
university students and lecturers. As a result, the e-learning service will best meet
the user requirements. In this example, the correlation matrix is excluded for
simplicity. There are some disadvantages in the QFD approach; for example, the
requirements importance rating is usually subjective. For this we need more
quantitative methods to weigh and quantify the importance rating. The QFD
approach can also be implemented further for the mobile services development
stage, where hardware, software, and service content creation will need to be
specified or developed. The inputs, at this stage, are the prioritised technical
quality characteristics. The last stage is the mobile services deployment stage for
bringing the service to market. For this, business models, the charging scheme,
time frame, and governmental regulations must be taken into account.
However, one of the most creative QFD applications is the use of an HOQ
matrix to perform a rigorous cost-benefit analysis. The magnitude of the final
weight numbers from the QFD calculations represents the relative importance of
each of the quality characteristics, i.e., the benefit to be gained from moving that
quality characteristic significantly in the desired direction. A true cost-benefit
analysis produces a simple calculation of the ratio of that benefit vs. the
associated cost. The units can be in the form of “benefit points per thousand
euros”. It will help the mobile service development team to weigh exactly which
quality characteristics are most deserving of their limited service development
euros, and which to avoid, taking into account the tough technological problems
etc. For example, suppose that one quality characteristic, if improved upon, would
deliver 8000 of these “benefit points”, but would cost €4m and 2 years of design
work to deliver. Another far less important quality characteristic would only
deliver 1500 “benefit points”, but could be done for €500k and would take only 6
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months to complete. The ratios (2.0 vs. 3.0) tell a far different story than the
“benefit points” alone (8000 vs. 1500), and this will help the service team to
weigh the trade-offs and prioritise their efforts. With the aid of QFD cost analysis
for both mobile service providers and potential service users, the mobile service
design and development team can determine which quality characteristics should
be included in the first version of the service, and which to include in a
subsequent generation of mobile services. This will result in cost and time
effective mobile services that best satisfy both mobile service providers and
service users.
4.4

Summary

This chapter addressed the issues concerning mobile services design and
development. The generic user requirements for mobile services were identified,
i.e., economic, social and behaviour user requirements. These three groups of user
requirements can be further detailed. The mobile service triangle model was
proposed as a framework for analysing user requirements based on the nature of
mobile services. Generic user requirements are also dependent on the user groups,
i.e., teenagers, business people, and the elderly. Different user groups will have
totally different desires and needs.
This chapter proposed a WWRF cubic model for mobile service design and
development. The cubic model serves as an integrated approach to developing
new mobile services from service scenario, service platform, and interaction
technology sides. A number of the latest research results are also introduced for
enhancing mobile user experience by designing an innovative virtual reality user
interface, using new interaction technologies, and by providing more new mobile
services.
The focus of this chapter was on the QFD approach for mobile service design
and development. QFD is a powerful and systematic approach to building user
requirements into the final mobile services. The generic framework and steps
were established for application of QFD to mobile service design. The QFD
approach was validated by using the mobile e-learning case study. The most
significant user requirements for mobile e-learning were identified and grouped.
The user requirements and technical design characteristics for mobile e-learning
service were weighed and prioritised by building a House of Quality. The case
study shows that the QFD approach ensures that user requirements will be met in
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the mobile e-learning service. The pros and cons of the QFD approach were also
discussed in this chapter.
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5

Demonstration and validation: a systematic
approach

This chapter introduces a case study for designing high quality mobile services
for senior citizens. This case study presents a systematic approach to designing
and developing mobile services which meet the needs of senior citizens. The
Quality Function Deployment (QFD) approach was first adopted to translate
quality requirements for mobile services to technical (design) requirements for
design purposes. The two most important design requirements were identified in
the QFD process and they are the need for an emergency service and the need for
a good tele healthcare provider. An architecture is then developed to incorporate
the two most important design requirements. The concept of a Wireless
Information Device (WID) is integrated into the architecture to improve service
personalisation and security. The pros and cons of the QFD approach, as well as
the architecture is discussed, and future work is outlined at the end of this case
study. This case study contributes to the design and development of high quality
mobile services using a systematic approach based on the research from this
thesis.
The related publication for this chapter is Article VI.
5.1

Identification of user (quality) requirements

In order to identify the user (quality) requirements of senior citizens for mobile
services an interview was conducted among three groups.
–

–

Senior citizens. The first group is senior citizens. Generally these senior
citizens require special care because of their physical features; for example,
muscle strength or walking speed decrease along with aging. Therefore senior
citizens may have unique requirements for dedicated mobile services such as
“easy to use”.
Family members of senior citizens. The second group for interview was
family members of senior citizens, such as siblings, children and
grandchildren of senior citizens. These family members were also
interviewed about mobile service requirements, and they usually had more
concerns about the services; for example, “safety of the mobile services”,
“cost of the mobile services”.
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–

Multi-disciplinary experts. The third group was professional experts from
various fields. In our team, we have experts from different fields; for example,
architecture, information technology, healthcare, medical technology, social
science etc. There are usually unstated or unspoken quality requirements from
senior citizens. The multi-disciplinary team ensures that these unspoken
requirements can also be identified by professionals through interview and
brainstorming. Fig. 43 illustrates our multi-disciplinary team.

Smart living
environment
physical
social
psychological

Daily
environment

Aging and
compensation

Social
Science

Architecture
Community
Planning
Information
Processing

Behavioural
pattern elicitation

Scenarios

Geriatrics
Health Care
Assessment

Information
Technology

Medical
Technology

Tele Health Care

Fig. 43. The multi-disciplinary team for mobile services design and development for
senior citizens (SESC 2006).

In the interview, a questionnaire was designed with a list of pre-defined quality
requirements to ask interviewees to indicate the importance of these requirements
on a scale of 1- 5, with 1 meaning the least importance and 5 the most important
requirement. As a result of a number of interviews from the three groups the
following eight most important quality requirements for mobile services for
senior citizens were identified, i.e., fast speed to handle an emergency, good tele
healthcare services, easy to understand terminology, clear menus and texts,
voice-directed services, easy to navigate in services, easy to recognize the last
service, and cost effective services.
5.2

Identification of technical (design) requirements

Based on the identified quality requirements, the multi-disciplinary team further
identified eight technical requirements for the design and development of mobile
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services for senior citizens. The identified technical requirements are described in
Table 6.
Table 6. Description of important technical (design) requirements.
No. Technical requirements

Description

1

Emergency function

Emergency function is for fast emergency handling

2

Good tele health service provider

Tele health services are desired by senior citizens

3

Big mobile device screen

It will help reading and understanding

4

Simple text

The simpler the better for senior citizens

5

Images or moving pictures for navigation

Images can help understanding and navigation in services

6

Speech interface technology

It is used for voice-directed services

7

Reliable and fast network transmission

For secure and reliable mobile services

8

Cheap mobile devices

To be cost effective for senior citizens

In the table, the eight most important technical requirements were identified for
mobile services design and development. For example, the emergency function is
a key design requirement for mobile services for senior citizens. In the case of an
emergency, there should be an easy-to-operate button or a service function to
enable an emergency call or alarm to a nearby hospital for fast medical treatment.
After identification of the eight quality requirements and eight technical
requirements, the next step is to build the house of quality which is shown in Fig.
44.
For each quality requirement a degree of importance is assigned from 1 to 5,
with 5 meaning the most important. The technical requirement importance rating
w j is given by the weighted column sum of each quality requirement by the
quantified relationship values of the technical requirement ith , formed by
substituting 5 points for strongly related requirements, 3 points for medium
related requirements, and 1 point for weakly related requirements:
m

w j = ∑ di × ri , j ,

(2)

i =1

Where di = degree of importance of the quality requirement ith , i = 1,2,...,m;
ri , j = the quantified relationship between the quality requirement ith and the
technical requirement jth ; i = 1,2,...,m; j = 1,2,...,n; w j = the technical
importance rating for the technical requirement jth , j = 1,2,...,n. In this case, the
computation of the correlation matrix on top of the HOQ model is left out because
the technical requirements are not so many, and there are weak or no
interrelationships between them.
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In Fig. 44, we have calculated both absolute importance ranking and relative
importance ranking for the technical requirements for mobile services. From the
results we know that the emergency function has an absolute ranking of 73, while
a good tele health service provider has a number 52. These are the two most
important technical requirements for mobile services for senior citizens. For
senior citizens, they desire fast emergency handling, so the first important mobile
service is the emergency service. Therefore in mobile services we must have such
an emergency function. The second most important requirement from senior
citizens is the providing of good tele healthcare services. With dedicated mobile
devices senior citizens should be able to have remote healthcare conveniently.
The third technical requirement is speech interface technology. Basically we can
significantly enhance the user experience by using speech interfaces instead of
press and click interfaces. This is particularly true for senior citizens because they
prefer easy voice-directed services. The fourth requirement is images or moving
pictures for navigation. This will greatly ease navigation in mobile services. A big
mobile screen is listed as the fifth requirement while reliable and fast network
transmission is the sixth technical requirement. The final two technical
requirements are simple text and cheap mobile devices.
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Quality Requirements
Fast speed to handle emergency

5

Good tele health care services

4

Easy to understand terminology
Clear menus and texts

3
3

Voice-directed services

3

Easy to navigate in services

2

Easy to recognize last service

3

Cost effective services
Absolute importance ranking
Relative importance ranking

1

Cheap mobile devices

Reliable and fast network transmission

Speech interface technology

Images or moving pictures for navigation

Simple text

Big mobile device screen

Good tele health service provider

Emergency function

Importance 1-5

Technical Requirements

Relationships:
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◘ medium - 3
○ weak - 1

■
◘
○
◘
■

○ ◘
■ ◘ ○ ○
○ ○
◘ ○
◘
○ ◘ ○ ◘
◘
■
○ ○ ◘ ◘ ◘
◘ ◘
○
◘ ■
73 52 26 13 28 29 22
1 2 5 7 4 3 6

9
8

Fig. 44. The House of Quality for the design of mobile services for senior citizens.

5.3

Architecture development for mobile services for senior
citizens

After identification of the most important technical requirements (design
requirements) for mobile services for senior citizens, we propose an architecture
for developing mobile services which includes the two most important technical
requirements, i.e., 1) have an emergency function and 2) good tele healthcare
services. The proposed architecture is illustrated in Fig. 45.
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Fig. 45. An architecture for mobile services for senior citizens in a smart living
environment.

In Fig. 45, there are four major players in the mobile services for senior citizens.
The first player is the senior citizens themselves at the top of the architecture.
Senior citizens can use the ubiquitous sensing devices to have access to various
services. There can also be some real-time monitoring devices for emergency
service purposes. The second player in the architecture is the trusted person in the
upper left corner. The trusted person could be a senior citizen’s siblings, children
or grandchildren. The trusted person can browse the senior citizen’s personal
database and daily schedule, especially for healthcare purposes. The third player
is the medical doctors or healthcare providers in the lower left corner. The
medical doctors can interact with senior citizens through the middleware. They
also have access to senior citizens’ medical record. The fourth player is the
mobile service providers who provide service contents through plugged in
interfaces. A few key components and functions from this architecture are
explained in detail below.
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5.3.1 The wireless information device
The component called a wireless information device (WID) is a key component in
this architecture. A WID is a portable device which stores personal data of the
user. The data in the WID can be retrieved wirelessly at anytime and can be
integrated into the whole information system. The WID mainly functions as a
means of personal profiling. For example, a senior citizen’s personal data such as
age, sex, and blood type can be stored in the WID. When senior citizens need an
emergency service, the data from the WID can be retrieved instantly for quick and
efficient medical treatment. Moreover, users have full control of the WID, which
means they can update the data in the WID whenever they want. The WID
concept will thus significantly increase service personalisation. Another
advantage is the security improvement that comes with a WID because the WID
is within a home network or a LAN, therefore it is always behind firewalls and
under protection.
5.3.2 Emergency service
For senior citizens, there must be an efficient emergency service. This can be
realized by designing a specific emergency button on a mobile device, by realtime monitoring of the activities of senior citizens, or, more importantly, there
should be such a function in all mobile services for senior citizens. In the middle
of a mobile service, the senior citizen should be able to trigger such an emergency
function quickly and easily.
5.3.3 Middleware
The term middleware applies to a software layer that provides a programming
abstraction, as well as masking the heterogeneity of the underlying networks,
hardware, operating systems and programming languages (Coulouris 2001).
Middleware ties components of a distributed application together and solves the
problem of scalability (Bakken 2002). It supports application deployment using
well defined, probably standardized application programming interfaces (API).
Those APIs and related interfaces decouple the applications from technologies.
Middleware is particularly important for mobile services in a smart living
environment. There are several approaches to building middleware; for example,
Jini, mobile agents, and Parlay/OSA APIs. A game engine is another interesting
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alternative for building middleware. Among them Parlay/OSA APIs is chosen for
middleware in our case because of the flexible functions of these APIs. The
Parlay/OSA APIs allow access to the telecoms network through a Parlay gateway.
This gateway is inside the telecom network and is customized for that particular
network. Applications that want to make use of the parlay gateway are run on
application servers. These application servers can be on the same intranet as the
Gateway, or can access it over the Internet (http://www.parlay.org). The
middleware for mobile services in a smart living environment is currently being
developed using Parlay/OSA APIs.
5.4

Discussion

In this chapter, a systematic case study was presented. An architecture for mobile
service development for senior citizens was developed. A number of requirements
for the mobile services for senior citizens were identified and prioritised, and an
emergency function and good tele healthcare provider are the two most important
user requirements. The integration of a WID and ontology into the architecture
will significantly enhance mobile service mobility, personalisation and security.
5.4.1 Discussion on the QFD approach for mobile services
The QFD approach is useful for weighing and prioritising technical requirements
for mobile services. It improves the quality of mobile services by building
customer requirements into the developed services. Senior citizens usually have
special requirements for mobile services which are largely ignored or unattended.
After identification of the most important technical requirements, designers and
developers can then focus on these critical requirements to make sure that they
are sufficiently taken care of. This will lead to the development of high quality
mobile services in a timely and cost effective way.
However, it is usually subjective to identify both quality and technical
requirements in the QFD process. This may be improved by using a multidisciplinary team in the requirements identification process. Another disadvantage
is that when the House of Quality is too large, it is almost impossible to calculate
manually because the matrix itself will be too large and complicated to calculate.
Therefore we can develop some dedicated software for the calculation purpose.
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5.4.2 Discussion on the architecture for mobile services for senior
citizens
The architecture reflects our innovative way for designing mobile services for
senior citizens in a smart living environment. Four major players and their roles
are described in these mobile services. The advantage is that the incorporation of
a wireless information device in the architecture greatly increases the
personalisation, security and mobility of the mobile services. Tele healthcare
services and emergency services are also fully integrated into this architecture
because these services are crucial to senior citizens.
The middleware in the architecture is a key technical enabler for successful
mobile services in a smart living environment. Parlay/OSA APIs are proposed for
developing the middleware.
5.5

Summary

This case study contributes to the design and development of high quality mobile
services for senior citizens in smart living environments. These mobile service
customers have specific requirements which are usually ignored or unattended.
Using the QFD approach, we can build their requirements into dedicated mobile
services, thus improving the quality of mobile services. Through the QFD process
an emergency service and good tele healthcare provider were identified as the two
most important technical design requirements for mobile services for senior
citizens. Then a novel architecture to incorporate the two technical design
requirements was proposed with the integration of a wireless information device.
In this architecture, the four major players and their roles in mobile services for
senior citizens are also described.
Future work includes the development of the middleware by using
Parlay/OSA APIs. A game engine is also a promising alternative for developing
the middleware. A more detailed prototype will be built up which includes all the
essential components and requirements.
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6

Conclusions

This thesis looks into a number of quality issues of high value added mobile
services from a user-centred perspective. These issues are reference models and
reference modeling for high value added mobile services, user wants and needs
for mobile services, mobile service design and development through the QFD
approach, and an ontology based model with a WID for mobile data management
and personalisation. For high value added mobile services, these issues are
important to ensure that future mobile services will meet or exceed user
expectation.
This thesis first examines the existing architectures and models for next
generation mobile services. The WSI reference model was first presented; the
University of Oulu was one of the seven participants in the EU projects on WSI
and WWRI. The WSI reference model was illustrated and validated by using the
CyPhone navigation mobile services (an indoor mobile service for a printer and
an outdoor mobile service for a hotel). The WSI reference model was later
accepted as the WWRF model. As an extension/specification of the WSI
reference model, a Cyberworld model was developed which addresses in detail
the top two layers (the application layer and the open service platform layer) of
the WSI model. A series of definitions of the Cyberworld model and a roadmap
for the enabling technologies were also built up. In this thesis, both static and
dynamic reference modeling approaches were established to better describe and
understand the user role in mobile services. The validation of the reference
modeling approaches is achieved through the CyPhone navigation mobile service
for a downtown fast food store.
A Quality Function Deployment (QFD) approach was adopted in order to
weigh and prioritise actual user requirements and link them to the technical
design requirements of mobile services. Traditionally, QFD is employed in the
manufacturing industry. This approach is now extended to the mobile service
industry for the first time. In this thesis, a detailed step by step QFD approach was
proposed for designing high value added mobile services. As a result, the
developed mobile services will better meet the users’ needs, which also means the
quality of the mobile services will be improved. The QFD approach was validated
through a mobile e-learning service and another mobile healthcare service for
senior citizens.
As a specification of the Cyberworld model in this thesis, an ontology based
model and the concept of a Wireless Information Device (WID) for mobile data
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management and personalisation were also introduced. The integration of a WID
into a mobile service system will greatly increase service mobility,
personalisation and security, which are important quality characteristics of mobile
services. The WID concept was demonstrated in the mobile healthcare service for
senior citizens.
At the end of this thesis a complete case study was carried out to develop
high quality mobile services for senior citizens. The case study uses a systematic
approach which is based on the research from this thesis. The QFD approach was
adopted to translate quality requirements for mobile services to technical (design)
requirements for design purpose. Two most important design requirements were
identified in the QFD process and they are the need for emergency service and the
need for good tele healthcare provider. An architecture is then developed to
incorporate the two most important design requirements and the WID was
integrated in the architecture to increase mobile service mobility, personalisation,
and security. This mobile service architecture will enable successful design and
development of mobile services that meet the demanding needs of senior citizens.
Recall in this thesis the main research questions are:
1.
2.
3.
4.
5.

What could be the underlying generic reference model of 3G and beyond
mobile services?
How can one model the complete mobile service system, functionality, and
interaction process in these high value added mobile services?
What are the generic user requirements for 3G and beyond mobile services,
and the specific user requirements for selected mobile services?
How does one identify, weigh, prioritise, and build user requirements into
these high value added mobile services?
How can one improve service mobility, personalisation and security levels
through novel mobile service architectures and personalisation approaches?

The first question is answered by the WSI reference model and the Cyberworld
model as described in Sections 3.1 and 3.2, respectively.
The second question is answered by Section 3.1.3, the reference modeling
approach and Section 3.1.4, a case study and validation, and using the dynamic
modeling approach in Section 3.2.2.
The third question is answered by Section 4.1, the user requirements for
mobile services, and these requirements represent generic requirements for high
value added mobile services. The specific user requirements for the selected
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mobile services are addressed in the two case studies in Section 4.3 and Sections
5.1 and 5.2.
The fourth question is answered by the two QFD case studies in Section 4.3
and Chapter 5.
The fifth question is answered by the ontology based approach in Section 3.3,
and by the case study of mobile services design and development for senior
citizens in Section 5.3.
Therefore all the five (5) main research questions are answered in this thesis
by using reference models, an ontology based approach, static and dynamic
modeling approaches and by using QFD to elicitate, prioritize and translate user
requirements.
By examination of a number of quality issues in mobile services from a usercentred perspective, this thesis contributes to the design and development of high
value added mobile services for the coming years.
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7

Future work

This thesis addresses a number of quality issues from a user-centred perspective
for high value added mobile services. Future work will concentrate on further
quality improvement issues for mobile service design and development, these
include, among other things:
–

–
–

–

–

A well defined generic model which includes clear descriptions of the
functions and interrelationships between different layers. The semantics of
reference points should also be described. The reference model will serve as a
foundation for mobile service design and development. Therefore this model
should be concise while expressive in defining the future mobile systems.
We need new methodologies for dynamical model killer services in the next
generation mobile systems in addition to the existing modeling methods.
For a QFD approach, more case studies should be carried out to establish the
pros and cons of this approach, particularly for the mobile service industry. A
quantitative methodology should be developed to identify and weigh user
requirements for next generation mobile services. An evaluation system
should also be developed to quantitatively describe the quality of a mobile
service.
In the near future, a more detailed healthcare mobile service system will be
established, and more research results will be presented, including the
development of middleware for mobile services for senior citizens in a smart
living environment. The Ontology based approach and the WID will also be
integrated in the mobile service system.
In the future more business models need to be developed for actual
deployment and implementation of next generation mobile services.
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