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ABSTRACT

With regard to deploying context-aware applications, there has
been a steadily increasing interest in context representation for
efficient description of complex situations in daily life. However,
most ways of describing context are specific to purpose of each

service or give undue value to particular information, e.g. location.

In this paper, we propose unified context, which describes user-
centric situation without dependence on purpose of any service, in
terms of SW1H (Who, What, Where, When, How, and Why). The
proposed context can simply represent a user’s situation in
environments by assorting complicated information into six
categories. Also, the unified context can provide several semantic
structures by making relationships among elements of SWI1H
without any ontological knowledge. The evaluation of unified
context has shown that it can describe a user-centric situation in
the form of SWI1H. Therefore, unified context will play an
important role in developing context-aware applications in
ubiquitous computing environments.

Keywords: Context-aware, Context Representation, Unified
Context, Ubiquitous Computing.

1. INTRODUCTION

UbiComp-enabling technologies (e.g. embedded sensing,
wired/wireless networking, low power consumption, etc.) enable
environments to be aware of a variety of situations in daily life. In
such environments, there has been a steadily increasing interest in
context-aware applications which appropriately react to context of
users or environments near them. With regard to deploying
context-aware applications, context representation that efficiently
describes complex situations, plays an important role in creating,
interpreting and exploiting context.

Over the past few years, a great deal of effort has been put into
understanding of context and context representation in the world
of ubiquitous and pervasive computing. For example, Schilit and
Theimer (1994) refer to context as location, identities of nearby

people and objects and changes to those objects [1]. Schmidt, et al.

(2000) define context as knowledge about the state of user and IT
device. This includes situation of surroundings, and, to a lesser
extent, location [2]. Dey and Abowd (2000) define context as any
information that can be used to characterize the situation of an

This work was supported in part by Seondo project of Ministry
of Information and Communication in Korea.
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entity. An entity is a person, place, or object that is considered
relevant to the interaction between a user and an application,
including the user and application themselves [3]. However, most
ways of describing context are specific to purpose of each service
or give undue value to particular information, e.g., location.

In this paper, we propose unified context, which describes user-
centric situation independently of purpose of any service, in terms
of SW1H (Who, What, Where, When, How, and Why). The
unified context gives information such as “who is a user in a
service environment?”’; “where is a wuser in a service
environment?”; “when is a user provided a service?”; “what is a
user paying attention to?”’; “how is a user making an expression
with gestures or action?”; and “why is a user going to trigger a
service?”. In addition, the unified context is classified into
‘preliminary context’, ‘integrated context’, ‘final context, and
‘conditional context’ according to the subject of interpreting
context, i.e. a sensor, service or user. From sensor’s view point,
the preliminary context represents factual information for user’s
situation in a service environment. From service’s view point, the
integrated and final contexts provide more accurate information
by fusing several preliminary contexts and determine which
service is automatically triggered, respectively. From user’s
viewpoint, the conditional context depicts situational condition
specified in services by the users.

With regard to implementing context-aware applications,
unified context has the following advantages: unified context can
simply represent user’s situations in environments by assorting
complicated information into six categories. In addition, unified
context can provide several semantic structures by making
relationships among elements of SW1H without any ontological
knowledge.

This paper is organized as follows: In section 2, we briefly
introduce the concept of context and context-awareness. In
section 3, we propose unified context and explain how to
represent and interpret unified context. Evaluation factors for
context representation and analysis are described in section 4.
Finally the conclusion and future works are discussed in section 5.

2. BACKGROUNDS

The goal of context in computing environments is to improve
interaction between users and applications. This can be achieved
by context which enables applications to automatically react to
users or surroundings with implicit rather than explicit commands
from wuser [4][5]. In ubiquitous computing domain, many
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definitions for context have been conceived. These definitions
generally fall into two categories. The first one enumerates
examples of context information and categorization [6][7][8]. The
second one is a generic definition of context and takes a more
operational approach [3][9]. However, the former can not exploit
context information out of definition’s range and the latter can not
be applied to implement context-aware applications because of
definition’s ambiguity.

To solve these problems, we redefine the concept of context in
context-aware computing as “user-centric information among a
variety of situations in service environments that is interpreted, in
terms of SW1H, by applications”. The redefined context focuses
more on user-centric situations than it does on physical or
computing environments. The reason is that user-centric situations
can provide fundamental clues to implicit expression of user for
exploiting services. This is based on the fact that a goal of
ubiquitous computing is to provide user-requiring services
anywhere at any time. In addition, we concrete targets of context-
awareness by classifying user-centric situations into SW1H. This
provides a way to simply represent a user’s situation by assorting
complicated information into six categories and to apply this
information to practically implement context-aware applications.

According to change in the concept of context, it is necessary
to redefine “context-awareness”. In general, the definitions of
context-awareness fall into two categories: using context
[71(8][10][11][12] and adapting to context [13][14][15][16][17].
However, these definitions are incorrect because “using context or
adapting to context” implies that some operations are done after
context-aware process. That is, context-awareness is a procedure
before some actions are triggered such as generating contextual
information or interpreting context. In this regard, we redefine
context-awareness as “a process that generates context in terms of
SWIH and interprets user-centric situation by establishing
relationships among elements of SWIH. The redefined concept
clarifies the difference between situational information and
context. The previous definitions require a context-aware system
to detect, interpret and respond to the context without explaining
when and how to generate context. This blurs the border between
context and information generated by sensors. In our definition,
situational information is translated into context after a context-
aware process. As a result, the concept of context-aware
computing practically distinguishes context-aware from context-
exploiting process.

3. REPRESENTATION AND
INTERPRETATION FOR UNIFIED
CONTEXT DESCRIBING USER-CENTRIC
SITUATION

3.1 Unified Context Describing User-Centric

Situation

“User-centric situation” refers to information that decides which
services and what kind of actions will be automatically given to a
user. According to the subject of exploiting the user-centric
situation, it can be folded into three kinds of information; sensor,
user, and service. A situation of sensor’s view describes the
physical state of users in service environments. A situation of
user’s view is a set of conditions to appropriately trigger services
that a user requires. A situation of service’s view represents

017e0

description that a service is automatically given by observation of
physical states satisfying user’s requirements. Context-aware
applications transform such situational information into context
by means of context-aware process. Then, context-aware
applications exploits context to trigger a service appropriately.

To easily translate user-centric situation to context, it is
necessary to uniformly represent, in terms of SW1H, context that
provides information about users in service environments without
depending on specific purpose of sensors or services. SW1H is a
popular way to describe a fact with “Who, What, Where, When,
How and Why”. SW1H that is applied to user-centric situation
can depict “a certain user (Who) is”, “in a certain location
(Where)”, “in a certain time (When)”, “paying attention to a
certain object/service (What)”, “representing a certain expression
with physical signs (How)”, or “because of a certain intention or
emotion (Why)”. This unified context can be classified by the
view point of sensor, user, and service. A unified context of
sensor’s view means ‘‘someoneyp, 1S paying attention to
somethingyy, Or representing a certain expressions with some
Signsy,y 1N some locationype, ON some timewpe, . A unified
context of user’s view point means “I want to get a certain
servicewna 1f Iwp, 18 In a certain locationwpe., On_a certain
timewen, With some expressionye,, or in a certain moodwn,”. A
unified context of service’s view point means “a certain
servicewn, 1S automatically triggered if a useryy, is in a certain
locationyyee, ON a certain timewye,, With some signsy,, or in a
certain _moodwy,”. Because all unified contexts share basic
elements (SW1H) describing user-centric situation, they can be
easily converted to each other. Therefore, unified context, in
terms of SW1H, enables applications to be aware of and exploit
context conveniently.

Unified context consists of SWIH elements and attributes
describing the features of each element. Elements represent user’s
situations in service environments. Attributes provides the meta-
data related to an element or relationship with other elements.
Examples of the attribute include generator, confidence and
uncertainty. The generator provides identification of a sensor or
service that makes elements of SW1H. The confidence means the
physical or logical quality of being certain of abilities or
capacities of the generator. The uncertainty describes the range
within which correct values of the element have a specified
probability of being found. It is necessary to refer to attributes
during context-aware process in order to interpret user-centric
situation more accurately. This is because even same element has
different confidence and uncertainty according to the context-
aware subject.

3.2 Representation of Unified Context

As shown in Figure 1, unified context is identified as
‘preliminary’, ‘integrated’, ‘final’, and ‘conditional’ context. All
contexts are comprised of SWIH elements with attributes.
Preliminary context is a user-centric situation of sensor’s view
point and has a set of SW1H. Integrated context is a user-centric
situation of service’ view point and generates a SWIH by
merging several preliminary contexts according to each element.
Final context is also a user-centric situation of service’ view point
and decides what a service is automatically triggered through
analyzing integrated context. Conditional context is a user-centric
situation of user’s view point and depicts situational conditions
that users specify in services corresponding to their desire. It may
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contain several SW1Hs because a user sets many conditions in
order to automatically trigger several operations of services. In
addition, all contexts have “working area” as an attribute that
refers to the available range of the context in service environment.

element?:Preliminary L. alement?:Who
Preliminary Who

slement?:Integrated element?:Where

Integrated Where

Context

|

alement?:Final element?:Whe When

atiribules Final

WorkingArea,
Generator,
Confidence

element*:Conditional . .
Conditional |—sSEmentzWhall ypat

element?:How How

element?:Wh Why

Figure 1: Structure of Unified Context
e Who

‘Who’ element of SWI1H provides identification of a user in

service environments and is a basis for interpreting a set of SW1H.

As shown in Figure 2, ‘Who’ consists of ‘Name’ and ‘Profile’ as
sub-elements. ‘Name’ has user name as a value and ‘UID’ and
‘PWD’ as attributes. ‘UID’ and ‘PWD’ refer to extra-data for
accessing services in home or office environments, e.g. social
security number. ‘Profile’ is personal information that is open to
environments by users. Personal information, such as favorite
service lists or relationships with other persons, plays an essential
role in triggering services harmoniously. However, it is difficult
for applications to be aware of personal information and to exploit
it without user’s permission. Therefore, ‘Profile’ enables users to
make such personal information open to service environments.
‘Profile’ consists of ‘FavoriteService’ and ‘Relationship’.
‘FavoriteService’ has service list as a value and ‘At’ and ‘Type’
as attributes. ‘At’ refers to service environments such as home
and office. ‘“Type’ alludes to a sort of service, e.g. movie, music,
light, etc. ‘Relationship’ has social relationship with persons as a
value and ‘Person’ and ‘Priority’ as attributes. ‘Person’ refers to
the object of the relationship and ‘Priority’ shows the priority
over the person.

attnbue

element * - .
FavariteServics

attmbuses

» .
alament Prafile eharnent

Figure 2: Structure of ‘Who’
e Where

‘Where’ element of SWI1H gives a user’s location in service
environments. The location plays an import role in accessing
available services surrounding a user because all applications
work in active range. As shown in Figure 3, ‘Where’ contains
‘Location’. Among various ways to represent location,
coordinates-based and symbolic methods are popular in context-
aware applications. ‘Location’ consists of ‘Coordinates’ and
‘Symbol’. In addition, it has ‘Type’ as an attribute which refers to
whether a location is for indoor or outdoor places. ‘Coordinates’
has ‘X’, ‘Y’, and ‘Z’ sub-elements representing a 2D or 3D
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position. This also has ‘Granularity’ and ‘Origin’ as attributes.
‘Granularity’ specifies a unit of coordinates, e.g., centimeter (cm)
or meter (m). ‘Origin’ refers to the origin of coordinates such as
the door. ‘Symbol’ has abstract-level location corresponding to
coordinates as a value and ‘Reference’ as an attribute. ‘Reference’
specifies a translator which converts a coordinates into symbol.

element
element
-
element”
z

attribute

Figure 3: Structure of ‘Where’

e When

‘When’ element of SW1H represents time when a context is
available, i.e., a given context is valid only at a given time or
interval. As shown in Figure 4, ‘Where’ consists of ‘TimeStamp’
and ‘Interval’ as sub-elements. ‘TimeStamp’ has time point as a
value. ‘Interval’ consists of ‘From’ and ‘To’ that represents a time
duration. All contexts can be indexed by time information and
then they are usefully exploited in context-aware process such as
analyzing context pattern of triggering services. There are various
ways to represent time like location. Among them, absolute and
symbolic methods are popular. Both ‘TimeStamp’ and ‘Interval’
have ‘Type’ and ‘Reference’ as attributes. ‘Type’ refers to
whether time is absolute or symbolic. If time is symbolic,
‘Reference’ indicates a translator which converts absolute into
symbolic time.

| When }—MLI TimeStamp |

aftribute ELOTIER
Raferance
M:-[ Interval an-l Froml

Altrules
e, alameant
)

Figure 4: Structure of ‘When’

e What

‘What’ element of SW1H is information of an object which a user
is paying attention to. As shown in Figure 5, ‘What’ consists of
‘Destination’ and ‘Manipulation’ as sub-elements. ‘Destination’ is
comprised of ‘DName’ and ‘Conflict’. ‘DName’ has the
identification of the object as a value and ‘Type’ as an attribute.
‘Type’ refers to a sort of service which the object provides.
‘Conflict” has other objects that the object collides with if they are
triggered simultaneously, e.g., TV and Audio. In addition, it
contains ‘Priority’ as an attribute that refers to the priority over
the conflicted object. ‘Manipulation’ provides operational
information of the object which a user is interested in. So it
consists of ‘Function’ and ‘Parameter’. ‘Function’ has operations
of the service as a value and ‘Parameter’ contains parameters that
a function uses as input.
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Figure 5: Structure of ‘What’
e How

‘How’ element of SW1H depicts a user’s expression with signs
such as behaviors or bio-signals. As shown in Figure 6, ‘What’
consists of ‘Behavior’ and ‘BioCondition’ as sub-elements.
‘Behavior’ is comprised of ‘Gesture’, ‘Action’ and ‘Activity’.
‘Gesture’ has movements of the hands, legs, and body as values.
‘Action’ contains high-level information that is translated from
successive gestures. ‘Activity’ shows abstract information that is
interpreted from some actions. Behaviors, user’s explicit
expression, can be used to manipulate a service. ‘BioCondition’
provides indirect information of user’s expression through the
changes of bio-signals such as pulses, temperature, and galvanic
skin response. So ‘BioCondition’ consists of ‘PPG
(photoplethysmogram)’, ‘GSR(galvanic skin response)’ and
‘SKT(skin temperature)’. All sub-elements of ‘BioCondition’
have ‘Type’ as an attribute because each bio-signal is differently
represented according to measurements.

akamant 7

= e =
atiributa .
e

et 7

BioCondition |- i

[}
3
El

Figure 6: Structure of ‘How’
e Why

‘Why’ element of SW1H represents a mental state of the user
such as intention or emotion. Because intention or emotion cannot
be detected by sensors, they are generated by interpreting “Who’,
‘Where’, ‘When’, ‘What’ and ‘How’ togather. Therefore, it is
difficult to represent a state of user’s mind correctly. The goal of
using ‘Why’ is not to be aware of full mentality but to provide a
clue to trigger a service or to get user’s feedback on given
services. As shown in Figure 7, ‘Why’ consists of ‘Intention’ and
‘Emotion’ as sub-elements. ‘Intention’ has mental states related to
service operation as a value, e.g., turn on, tune off, etc. ‘Emotion’
has psychological values corresponding to given services such as
good, bad, happy, and unhappy. Both ‘Intention’ and ‘Emotion’
contain ‘Type’ as an attribute because they are represented with
various values and in categories.
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Figure 7: Structure of ‘Why’
3.3 Interpretation of Unified Context

A process of interpreting unified context falls into two categories:
translating unified context of sensor’s view point to service’s one,
and transforming unified context of user’s view point to service’s
one. The former requires merging preliminary contexts into an
integrated context and then interpreting user-centric situations by
means of establishing relationships among elements of SW1H, as
shown in Figure 8. To set relationship, elements having
uncertainty over a threshold should be selected among SWI1H.
This is because each element as a result of fusing contexts has
different uncertainty according to the logical quality of being
certain of abilities of integrator. By controlling threshold value,
several sets of SW1H may be generated. Then, selected sets are
applied to such a template “a certain servicewy, 1S automatically
triggered if a useryy, is in a certain locationypee, On a certain
timewnen, With some signsy,, or in a certain moodwn,”. As a result,
several candidates of final context are generated and then
compared with conditional context.
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Figure 8: Interpreting process to translate unified context of
sensor’s view point to service’s one.

Interpreting unified context of user’s view point to service’s
one is to transform the user-specifying description into
conditional context. In general, users would like to describe
conditional context in natural language. However, we assume that
user would specify conditional context through 5WI1H-based
interface such as “I want to get a certain servicewp if Iwpo 1S in 2
certain _locationypee, ON__a certain  timewye, With some
€Xpressiony,, or in a certain moodwn,”. A set of conditional
context is transformed to this form “a certain servicewpa IS
automatically triggered if a useryy, is in a certain locationwpee, ON
a certain timeyne,, With some signsyyoy, Or in a certain moodyyp,”, in
order to compare with final context. After transform process, each
conditional context has uncertainty according to the logical
quality of being certain of abilities of translator. If the value of
uncertainty is under a threshold, service removes the conditional
context or provides a feedback to a user who specifies conditional
context again.
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Figure 9: Interpreting process to translate unified context of
user’s view point to service’s one.

4. Evaluation

According to researches conducted on context-aware computing,
the evaluation for context representation has been reported. For
example, Held (2002) noticed the requirement of context
representation for gathering, transferring, storing, and interpreting
context information [18]. Strang, et al. (2004) introduced
evaluation factor for modeling context with respect to
appropriateness for ubiquitous computing [19]. Unfortunately,
due to these researches are still in the early stage, they have not
covered to efficiently evaluate context representation. To solve
the problem, we make seven evaluation factors for context
representation as a result of surveying previous researches.

oStructure: Context should be structured to present a huge number
of user’s situational information. A structured representation
provides a way to filter relevant information effectively and to
reduce ambiguity of context by separating meta-data from
contextual information.

eComposition/Decomposition: Any ubiquitous computing system
is a derivative of a distributed computing system which lacks a
central instance being responsible for creating, interpreting, and
exploiting context. Therefore, context representation requires
composition of distributed contexts in order to interpret or exploit
context accurately. In addition, it guarantees decomposition to
precisely get or to easily manage context in distributed system.

eInterchange: Context should be interchangeable among the
different components of the system, i.e., from sensor to service,
between service and service. To achieve the exchange, context
requires a serializable representation.

eUnification: It is highly desirable that each participating party in
context-aware computing shares the same interpretation of
context exchanged and the meaning “behind” it. This requires a
unified representation of context.

eExtensibility: No set of elements and attributes that can be
identified today will be sufficient for all future applications.
Therefore, a context representation format should provide for
future extensions.

eUncertainty: The set of context describing situations of users in
service environment is usually incomplete and/or ambiguous.
Processing different-uncertainty contexts together causes an
interpretation of context to be vague. To protect from increasing
uncertainty, context representation provides a way to indicate
incompleteness of the contextual information.

eApplicability: From the implementation perspective, it is
important that a context must be applicable within the existing
infrastructure of ubiquitous computing environments.

Table 1: Unified Context Evaluation

Factor Rating Comment
Element/attribute pairs,
Structure High Unambiguous element/attribute
naming
Composition Preliminary ~ Context, Integrated
P . High Context, Final Context, Conditional
/Decomposition
Context
Interchange High By XML Serialization
Unification High By SWI1H
Extensibility Middle Structural Restrictions Apply
Uncertainty Middle Attributes for Ambiguity
Applicability Low Not yet.

We evaluate the representation of S5WI1H-based Unified
Context with above seven factors. Table 1 shows the result of the
evaluation.

Structure of Unified Context. Unified context consists of
elements and attributes. An element represents user’s situations
and an attribute describes features of the element. Unified context
enables an element to include sub-elements representing user-
centric situations in details. In addition, all elements and attributes
are labeled to reduce the ambiguity that may occur during
interpreting context.

Composition/Decomposition of Unified Context. Unified context
is classified into preliminary, integrated, final, and conditional
context. This is adaptable to create, interpret, and exploit context
in distributed computing environment. Pervasive sensors in daily
life generate contextual information as preliminary context and
deliver it to services in same active area. Each service composes
preliminary contexts and interprets integrated context to trigger
actions. To support such a process, unified context guarantees the
composition of context. Also, user-specifying conditional
contexts are distributed to services that locate in same active area
with the wuser. This requires unified context to support
decomposition of context representation.

Interchange of Unified Context: Unified context guarantees the
serialization of context representation because it is based on XML.
Unified context enables any service to use context from any
sensor in same active area. In addition, it guarantees harmonized
services that share the state of operation with others by means of
final context.

Unification of Unified Context: Unified context represents user-
centric situation in terms of SW1H and is interpreted according to
the view point of sensor, user, and service. SW1H-based unified
context has ability to simply represent user’s complicated
situations. However, it requires formalizing sub-elements of each
element of SW1H in order to describe user’s situation in details.

Extensibility of Unified Context: Unified context guarantees
extensibility of context by means of structural representation that
enables an element to contain sub-elements. However, there is a
restriction that all contextual information should fall into six
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categories. In addition, unified context should be extended to
describe user-centric situation for physical and computing
environments.

Uncertainty of Unified Context: Unified context represents the
ambiguity of user-centric situation because each element has
special attributes such as confidence and uncertainty. However, it
lacks quantitative measurement of confidence and uncertainty. To
solve the problem, we need to standardize the level of context-
awareness and requirement per context level.

Applicability of Unified Context: To be applicable within existing
infrastructure, unified context should observe the standard of
context-representing activities such as W3C[20] and SOUPA[21].
Unfortunately, unified context does not guarantee applicability
because it does not concern with such activities. However, unified
context should apply the standard of the activities to itself.

5. Conclusion

In this paper we proposed unified context, describing user-centric
situation independently of purpose of any service, in terms of
SWIH. In addition, we suggested seven evaluation factors for
context representation: structure, composition/decomposition,
interchange, unification, extensibility, uncertainty, and
applicability. With the evaluation of unified context, it is proven
that unified context has the following advantages. The unified
context can simply represent user’s situations in environments by
assorting complicated information into six categories.
Furthermore, the unified context can provide several semantic
structures by making relationships among elements of SWI1H
without any ontological knowledge. Therefore, unified context
can play an important role in developing -context-aware
applications in ubiquitous computing environments.

REFERENCES

[1] B.N.Schilit, I.A.Norman and R.Want, “Context-aware
computing applications,” In the Proceedings of the Ist
International Workshop on Mobile Computing Systems and
Applications, pp. 85-90, Santa Cruz, CA, IEEE. (1994)

[2] A. Schmidt, KA Aidoo, A. Takaluoma, U. Tuomela, K.

Van Laerhoven, and W. Van de Velde, “Advanced
Interaction in Context,” In the Proceedings of Ith
International Symposium on Handheld. and Ubiquitous
Computing (HUC99),. & Lecture notes. in computer science;
vol. 1707, ISBN 3-540-. 66550-1; Springer. (1999)

[3] AK.Dey and G.D.Abowd, “Towards a better understanding
of context and contextawareness,” In the Workshop on the
What, Who, Where, When and How of Context-Awareness,
affiliated with the 2000 ACM Conference on Human Factors
in Computer Systems. (2000)

[4] H. Leibernman and T. Selker, “Out of Context: Systems That
Adapt to, and Learn from, Context,” IBM System Journal 39,
3&4, pp 617-632. (2000)

[5] A.Schmidt, “Implicit human-computer interaction through
context,” 2nd Workshop on Human Computer. Interaction
with Mobile Devices. (1999)

[6] B.N. Schilit, and M.M. Theimer, “Disseminating active map
information to mobile hosts,” IEEE Network 8(5), pp.22-32,
(1994)

[71 N.Ryan, J.Pascoe, and D.Morse, “Enhanced Reality
Fieldwork: the Context-Aware Archaeological. Assistant,”
Computer Applications in Archaeology Gaffney,V., van
Leusen, M., Exxon, Editors. Oxford.

[8] A.K.Dey, “Context-Aware Computing: The CyberDesk
Project,” In Proceeding of AAAI ’98 Spring Symposium,
Technical Report SS-98-02, pp.51-54. (1998)

[9] G.Chen and D.Kotz, “A Survey of Context-Aware Mobile
Computing Research,” Technical. Report. TR2000-381.
Department of Computer Science, Dartmouth College.(2000)

[10] R.Hull, P.Neaves, and J.Bedford-Roberts, “Towards Situated
Computing,”In Proceedings of the. IEEE Ist International
Symposium on WearableComputing ISWC’97), pp.146-153.
(1997)

[11] D.Salber, A.K.Day, R.J.Orr and G.D.Abowd, “Designing for
ubiquitous computing: A case study in context sensing,”
Technical Report GIT-GVU-99-29. Georgia Institute of
Technology, GVU Center. Atlanta, GA.

[12] A.K.Dey, “Providing Architectural Support for Building
Context-Aware Applications,” Ph.D. thesis, December 2000,
College of Computing, Georgia Institute of Technology.

[13] B.N. Schilit, and M.M. Theimer, “Disseminating active map
information to mobile hosts,” IEEE Network 8(5), pp.22-
32.(1994)

[14] British House of Commons, “Committee on Privacy and
Related Matters, Report of the Committee on Privacy and
Related Matters”, Cm.1102, London, (1990)

[15] A.Ward, A.Jones, and A.Hopper, “A new location technique
for the active office,” IEEE Personal Communications 4(5):
pp. 42-47.(1997)

[16] N.Davies, K.Mitchell, K. Cheverst, and G.Blair,
“Developing a context-sensitive tour guide,” In the Ist
Workshop on Human Computer Interaction for Mobile
Devices, Glasgow. (1998)

[17] G.Kortuem, Z.Segall, and M.Bauer, ‘“Context-aware,
adaptive wearable computers as remote interfaces to
'intelligent’ environments,” In the Proceedings of the 2nd
International Symposium on Wearable Computers (ISWC
'98), pp.58-65. (1998)

[18] A. Held, S. Buchholz, and A. Schill, “Modeling of Context
Information for Pervasive Computing Applications,” In

Procceding of the World Multiconference on Systemics,
Cybernetics and Informatics. (2002)

[19] T. Strang, C. Linnhoff-Popien, “A Context Modeling
Survey,” In Workshop on Advanced Context Modelling,
Reasoning and Management associated with the Sixth

International ~ Conference on  Ubiquitous ~Computing
(UbiComp 2004), Nottingham/England, September. (2004)

[20] W3C, http://www.w3.org/Mobile/CCPP/

[21] H.Chen, F.Perich, T.Finin, and A.Joshi, “SOUPA: Standard
Ontology for Ubiquitous and Pervasive Applications,” In
International Conference on Mobile and Ubiquitous
Systems(MobiQuitous04), pp.258-267. (2004)

01800


五味
テキストボックス
－180－


	INTRODUCTION
	BACKGROUNDS
	REPRESENTATION AND INTERPRETATION FOR UNIFIED CONTEXT DESCRI
	Unified Context Describing User-Centric Situation
	Representation of Unified Context
	Interpretation of Unified Context

	Evaluation
	Conclusion
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




