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Abstract. As location-based applications become part of our everyday life,
ranging from traffic prediction systems to services over mobile phones provid-
ing us with information about our surroundings, the call for more semantics and
accurate services is emerging. In this work, we analyze and register the data
semantics of Location-based Services (LBS). Initially, we categorize LBS data
according to the related concepts and use. We distinguish the (a) Domain Data,
including spatial and temporal concepts, namely, position, location, movement
and time, (b) Content Data, describing the LBS specific content, and (c) Appli-
cation Data, consisting of the user profile and the services provided by LBS.
Next, we model these three data categories in a way that captures their peculi-
arities and allows their sharing and exchange among different LBS, when de-
sired. For this, we use semantically rich and expressive models, like UML, as
well as the long-praised method of ontologies, realized in the open source, on-
tology and knowledge-based editor Protégé. To argue about the design choices
and show their applicability, we present examples from two characteristic real-
world applications, both in the Athens Metropolitan Area: an LBS for tourists
carrying mobile devices, and a traffic LBS informing drivers about troublesome
situations.

1 Introduction

In the recent years Location-Based Services (LBS) enjoy much attention from both
the scientific community and the industry. Work has mostly been concentrated on
delivering information to the mobile user that is related to his/her location and there-
fore, presumably, more relevant. Additionally, the technological revolution in this
area (e.g., advanced capabilities of handheld devices) as well as commercially ori-
ented solutions to customer’s needs (e.g., fast transmission of multimedia data such
as, images and video) have driven the focus of LBS away from what they really are:
services supported by non-conventional databases, characterized by the spatial and
temporal dimension, i.e., spatiotemporal databases. Due to this, data involved in LBS
have not been really examined in depth. Consequently, LBS data semantics are not
captured properly, LBS data models do not fully accommodate application require-
ments, and the final system does not always meet user needs.

In this work, we treat LBS as non-conventional applications. In these, it is impor-
tant to understand and register the related concepts. Initially, we analyze the data
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scenario in LBS and categorize data according to its semantics and use. We distin-
guish the (a) Domain Data, including spatial and temporal concepts, (b) Content
Data, describing LBS specific content, and (c) Application Data, consisting of the
user profile and the services provided by the LBS. The goal is to model these three
data categories in a way to (i) capture their peculiarities and (ii) allow the sharing and
exchange among different LBS. For the second goal, we use semantically rich and
expressive models, like UML [4], while for the first one, we adopt the long-praised
method of ontologies, realized in the open source, ontology and knowledge-based
editor Protégé [38].

To argue about the design choices and show their applicability, we present exam-
ples from two characteristic real-world applications, used as case studies, running in
the Athens Metropolitan Area: a tourist LBS, in which travelers are carrying mobile
devices [8] [37] and a traffic LBS informing the drivers about troublesome situations
and alternative routes [24] [5].

Domain Data includes spatial and temporal concepts captured as the object’s posi-
tion, location, movement and time. A systematic study reveals that these four spatio-
temporal concepts are common and fundamental in all LBS, whether it is, for exam-
ple, a traffic or a tourist LBS. Thus, it is crucial to share and exchange their seman-
tics. This is achieved by analyzing and model the characteristics and relations of these
spatiotemporal concepts. For this, we propose the use of the well-known and long-
praised method of ontologies [18] [14] [39], focusing on the comprehension, registra-
tion and design of Domain Data. In order to easily realize the ontology, we use the
Protégé tool [38]. However, the use of the Protégé tool is just a prototypical one. Any
other tool, or standard language such as DAML+OIL [7] would do for this representa-
tion.

Special care of location is taken. Until now, all LBS are based on the crude as-
sumption that the location of the mobile object (e.g., a car or a tourist in our case
studies) can be simply unambiguously determined; that is, it is always known and in
absolute measures. However this is neither true nor sufficient. In some cases, the
position of a moving object is not known, such as when the GPS device is shadowed.
In other cases, the user not only cares about her absolute position, but also her sur-
roundings. For example, when tourists visit an archaeological site, the location that
matters to them is the actual position in terms of coordinates, as well as a circular
‘shape’ around their current position, which ‘includes’ items of interest. To capture
these semantics, we propose a clear distinction between location and position. This
serves also the need for a better representation, exchange and integration of location
from multiple sources, an open problem and a challenge in LBS [26].

Content Data depends on the specific application we are dealing with, e.g., for a
tourist LBS this data includes historic facts, restaurant and hotel information. In this
work, we model an excerpt of the Content Data existing in a tourist and a traffic LBS
by using ontologies for the former LBS and the UML technique for the latter LBS. In
the case of the traffic LBS, this leads to the definition and organization of a Moving
Object Database (MOD) which includes trajectories, vehicles, routes and their rela-
tions and serves as the backbone of the Athens traffic management system. Dealing
with these two different LBS scenarios and by using different techniques (i.e., ontolo-
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gies and UML) shows the diversity of Content Data and consequently the different
semantics and design needs. Moreover, it argues that our modeling choices are not
tied to specific technology, models and tools.

The third data category comprises Application Data, capturing the user profile and
service data for the two characteristic application examples. Ontologies are used to
denote the data and their semantics. In an LBS scenario, relevant services are discov-
ered, by matching the respective service description with user profiles.

Modeling the semantics of the three data categories leads to the creation of three
ontologies: the Domain Ontology, the Content Ontology and the Application Ontol-
ogy. This structure serves as the backbone architecture to support LBS based on on-
tologies, with special focus on autonomy and share. To summarize, the contribution
of the paper is threefold:

— The categorization of data involved in LBS, based on (data) semantics and use.

— The clear distinction between location and position in LBS, which solves ambigui-
ties and makes assumptions clear.

— The creation of ontologies (i.e., Domain, Content and Application) for LBS, to
represent, share and exchange the concepts of location, position, movement and
time among location-based applications.

The rest of the paper is organized as follows: Section 2 gives related, characteristic
work focusing on capturing the semantics of LBS. Section 3 presents the types of
LBS applications and the Domain, Content and Application Data. Section 4 focuses
on the Domain Data and the fundamental related concepts. A clear distinction be-
tween position and location is given; the temporal dimension is treated in a similar
way. Section 4 further argues for the use of ontologies in the semantics representation
and presents examples in Protégé. Section 5 deals with the Content Data of LBS; it
discusses the traffic content data and models their semantics in UML, focusing on the
organization of MOD for the traffic management system, while the content data of the
tourist LBS are captured in Protégé with ontologies. Section 6 models the Application
Data for both the traffic and the tourist LBS with ontologies, and Section 7 concludes
this research effort.

2 Related Work

To the best of our knowledge, literature on capturing LBS semantics is quite limited;
work has mostly been concentrated on issues related on how to deliver information to
the mobile user, rather than what information and semantics are delivered. However,
the presence of location and time play a central role in LBS, and this calls for more
rich and complex semantic modeling techniques to capture data involved in the re-
quested services.

In the few existing proposals ([46] [47] [48] [49] [33] [35] and [44]), the use of on-
tologies has been adopted for this purpose, and quite understandable so, since litera-
ture shows many efforts, in other research areas (e.g., biology or business), in which
ontologies are used for the analysis and representation of semantics of information.
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Ontologies can capture the semantics of information, can be represented in a for-
mal language, and can also be stored to related metadata, thus enabling a semantic
approach to information integration. There are several ontology languages as, e.g.,
compared in [15] and tools to represent ontologies [28] [6] [7]. Protégé [38] is the
most popular ontology-editing environment and has been used in many applications,
such as medical systems, gene ontology, and business systems.

Furthermore, already, a wide range of applications, such as geographic and bio-
logical, call for techniques flexible enough to capture their particularities with respect
to space; yet formal ones. [11] proposes a framework for the development of geo-
graphic applications by using ontologies. In [11] the reader can also find a systematic
review on literature on the use of ontologies in GIS. [3] identifies the role of ontolo-
gies in capturing spatial uncertainty. [12] and [13] present methods to bridge the gap
between conceptual schemas and ontologies in Geographic Information Systems.
Finally, [13] presents the Ontology-Driven Geographical Information Systems
framework (ODGIS), which uses ontologies for the comprehensive usage of ontolo-
gies for classification purposes, focusing on integrating different kinds of geographic
information.

There are some arguments about how useful ontologies are. [20] advises against
using ontologies as just a fancy name denoting the result of activities like conceptual
analysis and domain modeling [12]. Our position is that ontologies are built to model
the semantics of a domain and represent, share and exchange knowledge, while data
models and conceptual modeling focus on organizing explicit data and contents re-
sulting in a database. Section 4 elaborates further on this.

Work on ontologies and LBS includes [46] [47] [48] [49] [33] [35] and [44]. They
are all based on the assumption that the location is a point with known coordinates.

[46] describes issues involved in supporting an ontology-based information search-
ing process in LBS. It presents an example scenario and gives an architecture based
on ontologies that is to be adopted to support share and autonomy in LBS. [49] pro-
poses a collaborative framework for location-based information management consist-
ing of the Query Engine, the Profile Manager, the Data Handler, the TOP Hits Re-
pository, the Data Repository and the Adding Filter. This framework makes it possi-
ble to obtain information from heterogeneous sources and improve the request-
response efficiency. [33] proposes an ad-hoc model to locate correlative data stores
and exchange similar information within a specific community. The model is com-
posed by Data Handlers, Data Stores and proxies and uses ontologies to deal with the
spatial relationships between the moving objects. Its continuation [35] proposes the
use of ontologies for the management of services in LBS. The proposal exhibits simi-
larities to the newsgroup approach in that both ‘systems’ are examples of semantic
search engines based on user interaction. [44] gives a modular ontology architecture
to support different existing ontologies and metadata standards for the web services in
Olympia 2008.

The user profile plays an important role in LBS. [47] proposes a profile-based ap-
proach to improve the efficiency of the LBS, based on a relational database. As a next
step, [48] proposes a way to accommodate user profile needs by using domain and
content-depended ontologies. It also suggests the multi-layered abstraction method to
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organize and present data related to profiles. In this framework, [22] describes a
system, which delivers various types of information to mobile devices based on the
location, time and profile of the end user. The Event Notification technique has been
adopted to trigger actions.

[23] proposes a semantic location model for navigation in mobile environments. It
is a hierarchical model and captures connectivity and hierarchical relationships.
Again, the assumption here is that location is a point with known coordinates. [42]
deals with different types of locations, the way to compute them and to present them.
Although the work presented there gives a first taxonomy and general directions
about how to handle location in LBS, there is no typical way to categorize them,
model them and communicate them with a formal technique, such as a model, ontolo-
gies or mathematical representation.

Finally, at the level of services, it is important to point out the effort in achieving
an open location services platform (http://www.openls.org/).

3 Types of LBS Applications and Categories of Data

The domain of LBS applications is large and diverse. Here, we present the types of
applications supporting location-based services, and analyze the categories of data
involved.

3.1 LBS Applications

The GSM Alliance Service Working Group [19] has defined the following types of
traditional LBS:

— Emergency Services — Routing to Nearest Enterprise
— Emergency Alert Services — Roadside Assistance

— Home-zone billing — Navigation

—  Fleet Management —  City Sightseeing

—  Asset Management — Localized Advertising

—  Person Tracking — Mobile Yellow Pages

—  Pet Tracking — Network Planning

—  Traffic Congestion Reporting Dynamic Network Control

As LBS, we consider any application involving moving objects and providing ser-
vices based on positional, temporal and, many times, user profile' information. This
definition supports the GSM categorization. The position of the object is usually pro-

' Some works in literature (e.g., [22]) consider the presence of space, time, and user profile
mandatory to define an LBS; other information, such as ‘history’ may also exist. However this
restrictive definition contradicts the LBS categories of the GSM Alliance Service Working
Group; for example the Traffic Congestion Reporting service does not require user profile in-
formation. Without affecting the validity and applicability of our results, we chose not to con-
sider mandatory the user profile information.
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vided by a mobile device, such as a GPS, carried on/by the moving object or, in the
rougher cases, by using positioning in cellular networks.

Two real-world, characteristic, and very different LBS applications are used as
case studies in this work:

e a tourist information system providing services based on tourist’s location, time
and profile [8]. The tourist is equipped with a handheld device having GPS capa-
bilities. Consider, for example, the scenario in which he/she is in the archaeologi-
cal site of Acropolis and asks ‘give me the history of Parthenon’, or ‘what is the
closest monument to me?’ or ‘what artifacts were found here?’. A tourist LBS
should provide answers to these queries. Furthermore, the tourist should be able to
provide a profile or preferences, and get information relevant to his interests. For
example, a user visiting Acropolis might be interested only in information related
to Acropolis and the Pericleus era, i.e., [495BC-429BC].

e an LBS system for traffic management, in which vehicles are equipped with GPS
devices [24]. The driver can ask questions such as: ‘based on my position, where is
a traffic jam?’, or ‘if there is a traffic jam in the next 10 km, give me alternative
routes’ or ‘give me suggestions to go from Athens to Piraeus’. In this example, it is
clear that the user profile is not mandatory, since the user might not have any pref-
erences.

For simplicity purposes and without affecting the validity of our results, we assume
that, in the two aforementioned applications, we deal with moving-point objects, i.e.,
the absolute position of the person or the vehicle that moves is a point.

3.2 Categories of Data in LBS

An important task when building a system, is the analysis and comprehension of the
categories of data involved in it, i.e., the related concepts, semantics and use. This
helps not only in providing, later on, the appropriate techniques to model and com-
municate these data, but also to accurately understand the requested services and meet
the system’s requirements.

Analyzing and comprehending the system data is a modular process: first, we real-
ize the dominating types of data and then the more specific ones. Here, we present
three data categories, and show their interconnections; Sections 4, 5 and 6 analyze
each one of these categories, give examples and elaborate on the interconnections
among them.

In LBS applications, we distinguish three categories of data:

Domain Data. It includes the concepts that are present and characterize all LBS
applications.

The common factor behind all LBS is the spatial and temporal dimension, and
thus, Domain Data includes fundamental spatial, temporal and spatiotemporal con-
cepts. A careful look across different LBS described by the GSM Group, shows that
objects position, location, movement, as well as time characterize all of them,
whether, for example, we talk about a tourist LBS or a traffic LBS.



174 N. Tryfona and D. Pfoser

Position and location are two terms full of assumptions, which are often used inter-
changeably. However, in LBS, there is the need to express special meanings and se-
mantics with respect to space. In some cases position refers to absolute coordinates,
for example, a car on a road network, while in others, what matters is a greater sur-
rounding area, for example, a tourist wants to know the closest restaurants within
200km radius around him, or the spread of a traffic jam. To better capture semantics,
we chose to distinguish these two cases: in reality, the spatial dimension introduces
two new concepts in LBS: objects’ position and location. Similar issues hold for the
temporal dimension; thus, we chose to use the concepts timestamp and time horizon.
A systematic analysis of these concepts reveals different semantics and relations with
the environment (Section 4).

Content Data. It is the actual data of the specific application we are dealing with. For
example, for the tourist LBS, Content Data is the monuments, the parks, restaurants,
etc., while for the traffic LBS is the traffic data, route, and others.

Content data can be: (a) descriptive, for example, restaurant names, or description
of museums, (b) spatially-referenced, indicating where the actual information is lo-
cated, seen, or recorded, for example, the location of a museum, and (c) temporally-
referenced, showing when the information is located, seen or recorded in the system,
for example, the time of the traffic jam.

Application Data. It includes the subcategories:

e Profile Data, characterizing the user and the device he is carrying. This can be:

(i) user profile, capturing the user and its preferences. For example, a user
visiting Acropolis may be a tourist or a scientist, indicating different in-
terests.

(ii) device profile, characterizing the mobile device the user is carrying, for
example, CPU capability, memory characteristics, screen size.

e Service Data, which corresponds to tasks to be accomplished in the specific LBS
application. For example, provide specific services to tourists, or to drivers.

Figure 1 illustrates the data categories and subcategories. The lower left corner gives
the concepts (in the case of Domain Data) and examples (in the case of the Applica-
tion and Content Data). The Application and Content Data depend on the specific
application we are dealing with. For example, if the application is tourist services over
the mobile phone, then the user profile is the one of the tourist with services like ‘in-
formation about surrounding restaurants’ and the content ontology has organized data
about restaurants, museums etc.

The three data categories are interconnected, since, for example, in order to provide
the service ‘closest restaurant’ a reference to the restaurants index is needed (i.e.,
Content Data) and to the position of the user (i.e., Domain Data). There is no associa-
tion between Content and Domain Data. The Content refers to specific geographic
information (for example, location of restaurants in Athens), but this is general spatial
data, outside the Domain, which refers to the where and when the user is.
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4 The Domain Data

Domain data characterize all different LBS described by the GSM Group. In fact, the
spatial dimension appears in terms of the object’s position and location, the temporal
dimension appears in terms of the time a the desired information is located, seen or
requested, and both dimensions participate in object’s movement. Next, a systematic
analysis of these concepts is presented.

4.1 Semantics of Domain Data in LBS

Spatial Temporal
Data Data

position

location

timestamp

time horizon Domain
movement Data

Profile Service
Data Data Content
Data

e.g tourist e.g closest restaurant »
businessman route to conference e.g restaurants, museums
sports fan place of event conference halls
Jamily place of fair track &field events Content
driver route, traffic jam parks, fairs Data
Application ;;Zﬂ i daz;
Data yjectory data

Fig. 1. Categories of data in LBS

A. The spatial dimension introduces the concept of position is full of ambiguities and
assumptions. Almost in all LBS, there is the crude assumption that the position of a
moving object can be simply unambiguously determined [26]; that is, it is always
known and in absolute measures. However this is neither true nor enough. In some
cases, for example, the position of a moving object is not known, such as when the
GPS device being on it is shadowed.

In other cases, the concept of position has different meanings and values depending
on the application domain of LBS, and thus cannot be determined by a single notion,
it is not unambiguous; thus, it cannot be captured and represented by a unique method
or technique. Consider the example of the traffic LBS, in which vehicles are equipped
with GPS devices. The absolute, current, position of the car is the (x,y) coordinates
transmitted by the GPS. However, what really matters to the system to predict and
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bypass a traffic jam is not just the position itself but also the ‘shape’ or area of 10km
ahead in the road network, given the fact that the jam is present there.

Analogously, in the tourist LBS providing services to tourists visiting an archaeo-
logical site, the location that matters to them is the actual (x,y), as well as, the circular
‘shape’ around their current coordinates, which ‘includes’ items of their interest.

The aforementioned examples are just some of the many we experience everyday
indicating that when location matters, it is not, only and always, in absolute numbers,
but it further depends on the domain of the application.

Moreover, recently, the need to aggregate positions from multiple sources becomes
more and more emerging [26]. This is based on the facts that (a) a person may be
associated with numerous tracking devices simultaneously, e.g., GPS device on a
phone, in a car, etc, and (b) the tracking devices are not always accurate, or may be
shadowed as said before, and thus do not deliver the right signal. In this case, the
notion of position has more than one value and in order to be aggregated, it needs to
be analyzed, captured and represented in all possible involved forms.

It is our thesis, that the spatial dimension in LBS is captured by two new concepts:

e The absolute (x,y) coordinates of the moving object, which we call position

e the ‘surrounding area’ of position, which we call reach. The shape of reach can
vary: in the first example (i.e., area of interest in the tourist LBS) it is a circle with
a given, predefined, radius. In the second one, it is a shape of an oval (spread of a
traffic jam in the traffic LBS). The position and reach of the moving object consti-
tute its location. Figure 2 illustrates the two cases.

(a) (b)

Fig. 2. Different shapes of reach in space: (a) a circular reach surrounding the position A close
to a road network, (b) an oval reach ahead of position A on a road network

B. In LBS, it is not only the where but also the when that matters. Thus, location is
related to time. For example, in a tourist LBS it is important to know when the tourist
is in a location since many facilities depend on that (e.g., when shops are open, etc).
Similarly, in traffic LBS for the prediction of a traffic jam, the time a car approaches
specific areas matters as rush hours are usually troublesome and matter.
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Time, analogously to location, is captured by:

— atimestamp t indicating when an action or event happens.

— atime horizon, indicating the time period the event or the action has still an effect.
For example in the case of a moving vehicle in the traffic LBS trying to avoid a
jam, what matters is not only the current time but also the time horizon ahead in
which the jam will evolve.

Moreover, due to imprecise information, inaccurate measures or device errors, posi-
tion, reach, timestamp and time horizon can have uncertainty, which is usually ex-
pressed by the deviation from the accurate value.

C. A fundamental concept in LBS is the movement of the object. Movement is de-
fined in terms of position of the moving point object and time, and depending on the
application needs, it includes some basic concepts, such as:

heading, which shows the heading of the moving object

distance, which gives the distance from the previous position

direction, which shows the angle to the previous position

duration, which shows the duration traveled from the previous position.

Figure 3 illustrates this design decision.

heading
©2 A
-
distance, -~ position
. -
duration -~
- -
¢ tl -7
as L
past direction
position

Fig. 3. A diagrammatic description of movement

D. Additionally, the location, i.e., reach and position of the moving object, might be
related to others with spatial relationships, which are either topological (e.g, meet,
intersect etc) [10], directional (e.g., left, right, etc) or metric, which show distance.

Furthermore, there are applications in which users refer frequently to specific loca-
tions for which, neither care nor know their absolute coordinates. For example, the
notion of ‘work’ and ‘home’ are obvious to everyone and a reasonable service is to be
able to ‘send me all my SMS as approaching work’ or to ‘download mail going
home’. This calls for the concept of virtual position related to the user and not to the
coordinates. A known user-centered model is comMotion [25]. The approach we
propose here captures also virtual positions as it relates position (and location) to the
surrounding environment with spatial relationships (e.g., ‘approaching’ is captured
with direction and distance).
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4.2 Using Ontologies in LBS

Since Domain Data captures the spatial and temporal dimension and is present in all
LBS, the concepts of position, location, time (i.e., time horizon and timestamp) and
movement are fundamental and common is all location based applications. This calls
for interoperability among LBS, and there is an emerging need to:

— share a common understanding of these spatiotemporal concepts
— make LBS assumptions that exist in literature about these concepts explicit
— exchange and enable reuse of them.

To achieve these goals, we propose the use of ontologies. Here, we focus on the
comprehension, registration and design of the aforementioned spatial and temporal
concepts. First, we discuss the concept of ontologies and present existing tools and
languages supporting them. Then, we show the use of ontologies in LBS, by, initially,
using them to represent Domain Data.

About Ontologies. An ontology is an explicit specification of conceptualisation [17].
Ontologies have been long-praised for their efficient use in the comprehension,
representation, exchange, share, and integration of domains and concepts [18] [14]
[39] [41]. They have been widely used in the past years to describe in an abstract, but
accurate way, concepts shared and exchanged among different users, systems, or even
people using oral communications. While in the philosophical fields an ontology is
the science of being, in the Artificial Intelligence area it is used to describe an
engineering, formally defined artifact with specific vocabulary using a set of
assumptions regarding the intended meaning of the vocabulary words. Using
ontologies to build applications can help avoid problems, such as inconsistency and
poor understanding among communicating parties.

The Artificial Intelligence literature contains many definitions of ontology. Many
of them contradict each other. Generally speaking, in the engineering world, an ontol-
ogy is a formal and declarative representation which includes the names for referring
to the terms in that subject area and the logical statements that describe what the terms
are, how they are related to each other, and how they can or cannot be related to each
other. Ontologies therefore provide a vocabulary for representing and communicating
knowledge about some topic and a set of relationships that hold among the terms in
that vocabulary.

In practical terms, the design of an ontology includes:

— the definition of classes or concepts in the ontology

— the arrangement of the classes in a taxonomic (subclass-superclass) hierarchy, if it
exists

— the definition of properties and the description of the allowed values for these
properties

— the definition of restrictions on the values of the properties, such as cardinality

An ontology, together with a set of individual instances of classes with specific
values of properties, constitutes the knowledge base of the application.
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The line between ontologies and conceptual schemas is thin. One could argue that
the process of creating ontologies is conceptual modeling. Another approach is that
using conceptual models to represent a domain of the application is adequate; propos-
als like that do exist [16] [41]. However, besides the fact that ontologies offer more
flexibility in information representation, there are differences between conceptual
schemas and ontologies:

— at the schematic level, an ontology is usually a forest of diagrams, while a concep-
tual schema —based on the strict literature definitions— is not, and

— ontologies are used to exchange and share common information (for example, the
‘location’, ‘position’ and ‘time’) among applications belonging to the same domain
(for example, fleet management, mobile services etc., are all LBS), while concep-
tual schemas are used to model data in one application.

Some proposals about ontology definition include also the definition of rules to add
semantics and to infer knowledge. Rules represent implicit knowledge about classes and
their relationships. If one adopts this ontological approach, then this is one more differ-
ence between ontologies and conceptual schemas as rules exist only in ontologies.

One way is to see ontologies as an abstraction of conceptual schemas. Overall, on-
tologies are semantically richer than the conceptual schemas as they are built for dif-
ferent purposes: the former to represent a domain in a knowledge base, and the latter
to represent contents of a database.

There are several ontology languages and tools, which are used to build ontologies.
The most popular of them are compared in [15]. DAML+OIL [7] is the standard on-
tology language and close to the standards developed by W3C [45]. Chimaera [6],
Ontolingua [28] OntoBuilder [27] and Protégé [38] are some of the most known tools
as ontology editing environments.

In literature, there are also proposals for the structure of ontological environments.
A representative one is [20] which structures an ontology to sub-ontologies: (a) the
upper ontology, which includes abstract and philosophical issues, (b) the domain
ontology which includes specific domains, such as tourism, weather, (c) the task on-
tology which contains knowledge about the usage, and (d) the application ontology
which combines and extends the knowledge of all other ontologies. Depending on the
application domain, several ontologies can be identified at the levels listed above.

Ontologies in LBS. As the need for capturing more semantics in LBS is growing
together with the demand of structured information and services, domain experts started
using ontologies in location-based applications. The design of ontologies is a modular
task, i.e., it is important to define their structure and their interconnections, starting from
the global or more dominant ones and then the more specialized ones, creating in this
way, a structure, or an architecture. Moreover, more and more libraries of ontologies do
exist today, such as the DAML ontology library (available at www.daml.org) or the
Ontobuilder [27] (available at http://ie.technion.ac.il/OntoBuilder). This gives the expert
the ability to acquire ontologies from different environments; however, it is crucial for
integrity reasons to categorize them at the right level of the ontology architecture.

Some works follow specific architectural proposals for LBS. [44] follows the ar-
chitecture presented in [20] to present an ontology list for semantic GeoServices for
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Olympia 2008. [46] presents a different architecture to share ontologies in LBS but
also keep their autonomy. The elements in this architecture are: (a) the global ontol-
ogy, (b) the local ontologies, which correspond to local sources, (c) the shared on-
tologies, (d) the mediator and (e) the integrated ontology.

In our work, we propose an LBS architecture whose structural components follow
this rationale and support the data categories of Figure 1 of Section 3. Thus, we pro-
pose the design of the:

— Domain Ontology, thus consisting of the Space Ontology and Time Ontology,
— Content Ontology, and
— Application Ontology, consisting of the Profile Ontology and Service Ontology.

This ontology architecture (a) keeps the Domain Ontology independent of other
semantics and characteristics, and thus it can easily be exchanged and shared among
LBS, according to Section 3, and (b) respects the, well-documented in literature, sepa-
ration between applications (i.e., services and profiles) and context (i.e., information).
The following sections describe the aforementioned ontologies.

4.3 The Domain Ontology of LBS

After the systematic analysis, clarification and relation of the fundamental concepts of
the Domain Data of LBS, we proceed on the design of the Domain Ontology. We use
Protégé” for the design and, further, the full development of the Domain Ontology of
both the tourist and the traffic LBS.

Protégé [38] has (a) a graphical and easy-to-use interface, (b) a flexible knowledge
model, and (c) an extensible plug-in architecture. With respect to Section 4.2, it in-
cludes:

— classes, which are the modeled concepts

— slots, which represent first-class objects representing properties or attributes of
classes. A slot can be of an atomic type (e.g., float, integer, etc) or if an instance
type, which means that it is an instance of another class.

— facets, which are constraints on allowed slot values, such as cardinality, defaults,
allowed classes and others.

— axioms, which specify additional constraints

The distinction between classes and instances is not an absolute one. Both indi-
viduals and classes themselves can be instances of classes [38]. The main advantages
of Protégé are that:

— It is easy and understandable enough for the domain expert to use it to develop the
ontologies of his interest.

— It is an adaptable tool, which we can tune to support new languages and formal-
isms quickly. This is important as on the one hand, a number of new semantic-web
languages and representation formalisms are emerging, but on the other, there is no
agreement made yet.

2 Protégé, as of Feb. 15, 2003, is available in version 2.0.
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Fig. 4. Classes and relations among them in Protégé, capturing the Domain Ontology of LBS

— It can be used for the development and management of ontologies and applications
today without waiting for standards.

— The supported model is an open and extensible one, allowing for plug-ins serving
specific purposes.

The output of the design on Protégé can be expressed in widely used semantic web
languages, such as RDF (Resource Description Framework), XML, Ontology Infer-
ence Layer (OIL), and JDBC which support the share and exchange of the designed
data, in our case, the Domain Data.

However, we should make clear, that the use of Protégé is a prototypical one; any
other tool or language with equal expressive power would do for this purpose. For
this, we do not attempt to present specific implementation details that depend on the
particularities of the ontology-editing tool, but rather use it as an illustration for the
concepts we discuss.

Figure 4 illustrates the classes, instances, and slots among them, capturing the Do-
main Ontology of LBS in Protégé. In a class, when a slot is not of atomic type (e.g.,
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Fig. 5. Defining the class Time of LBS, in Protégé

float, integer, etc), but it is an instance of another class then it is depicted with an
arrow. In order to explain Figure 4, for reasons of semantic simplicity and compre-
hension, whenever a slot of a class A is of type instance of class B, we say it that the
class A is ‘related to’ class B.

Location is related to Position and Reach, while it has topological_rel, metric_rel
and directional_rel relations with other Locations.

Movement and Point are subclasses of Position. Movement has as slots heading,
duration, distance and direction, which are of atomic type and positions and at_time
which are instances of classes Time and Coordinate, and thus depicted as relations.

Point has as slot geometry, which is an instance of class Coordinate with slots x
and y, capturing the coordinates of the moving point object and uncertainty, which is
an instance of Uncertainty class capturing the deviation from the true value.

Reach has as slots at_time and shape, which are instances of Time and Coordinate,
respectively.

Time has as slots time-horizon and timestamp. Timestamp has as slots ¢, which is of
atomic type, and uncertainty, which is an instance of Uncertainty.

Figure 4 translates to forms, such as the one presented in Figure 5. Figure 5 illus-
trates the definition of the class Time. The timestamp and time_horizon are instances
of Timestamp and their cardinality is defined. time_horizon has cardinality of 2 as it
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needs two timestamps to be defined. As seen, Figure 5 allows for the definition of
details, specifications and restrictions, such as disjoint classes, documentation and
others.

The Domain Ontology (cf. Figure 4) of LBS includes:

— the Space Ontology, including the classes of Location, Position, Point, Reach,
Coordinate, Uncertainty and Movement

— the Time Ontology, including the classes of Time, Timestamp, Uncertainty and
Movement.

Protégé has a plug-in to import ontologies from other ontology editing environ-
ments, as for example, Ontolingua [30] or DAML [7]. The Time Ontology for exam-
ple is available in the Ontolingua ontology library [29], as Simple-Time, including
time-points and time-ranges and following the Allen’s time theory [1]. Thus, one
would argue, about how useful is to develop new ontology and not importing existing
ones from available servers; this approach has been used in other application domains
[36]. The Time Ontology we define here includes the movement class and thus is
tailored to the needs of LBS. For reasons of integrity the Allen’s relation should be
included to relate the Time instances (as it happens with the Space instances). How-
ever, since this is trivial, we do not present it.

Similarly, the Space Ontology is also available in existing libraries. Again, just its
adoption and import to the LBS knowledge base is not enough as the specific slots
and instances we design and use are explicit for LBS and absolutely necessary to
capture the very specific semantics of LBS.

5 The Content Data and Ontology of LBS

Following Figure 1, the next step is the analysis of the semantics of Content Data and
its representation. We present excerpts of the Content Data from both the traffic and
the tourist LBS. We chose two different approaches in capturing Content Data for the
two LBS:

— for the traffic LBS we chose to use the UML technique in order to organize the
huge amount of traffic data. This results to the Moving Object Database (MOD),
which includes trajectories, vehicles and routes in UML, which was chosen due it
is popularity, high-degree of comprehension and expressiveness. MOD is the core
of a traffic management system on which, in many application environments [24],
data mining functions are applied to extract information about traffic prediction.
The reader can find more details about MOD in [5].

— for the tourist LBS we stayed focused on the use of ontologies, resulting to the
Content Ontology.

By using different techniques to capture the semantics of the Content Data, we
show the diversity of LBS Content Data and consequently the different semantics and
design needs. Furthermore, this builds on the fact that our design choices are not
bounded to the use of specific technology and tool.
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Fig. 6. Moving point objects: (a) a trajectory and (b) several trajectories in evolving in a finite
region

5.1 Content Data of a Traffic LBS

The organization of traffic Content Data in the Moving Object Database (MOD), calls
for a further, more detailed and in-depth understanding of objects, their properties and
relations” related to the concept of movement.

Movement in a Traffic LBS. Consider the following scenario using a traffic
management system to monitor the traffic flow in its city area of Athens, Greece. By
monitoring the movement of specific vehicles (e.g., delivery trucks, public transport,
taxis, etc.) one can ask the following queries: ‘find the vehicles that just entered
Athens’, or ‘find the vehicles that left Athens an hour ago,” or more general ‘find
locations with a larger number of vehicles’ (i.e., typical traffic jam pre-condition).
Representing such moving objects as point objects their movement can be illustrated
as shown in Figure 6. The solid line in Figure 6(a) represents the movement of a point
object. Space (x- and y-axes) and time (t-axis) are combined to form a 3D-area. The
dashed line shows the projection of the movement in two-dimensional space (x and y
coordinates).

In order to record the movement of a vehicle, we need its position at all times, i.e.,
on a continuous basis. However, GPS and telecommunications technologies only
allow us to sample an object's position, i.e., to obtain the position at discrete instances
of time such as every few seconds. By, later on, interpolating these samples, we can
extract the movement of the object. The simplest approach is to use linear interpola-
tion, as opposed to other methods such as polynomial splines [2]. The sampled posi-
tions then become the end points of line segments of polylines, and the movement of
an object is represented by an entire polyline in three-dimensional space. In geometri-
cal terms, the movement of an object is termed a trajectory; in other words, trajectory
is the trace of the vehicle in time.

Figure 6(b) shows a spatiotemporal space (the cube in solid lines) and several tra-
jectories (the solid lines) contained in it. Time moves in the upward direction, and the
top of the cube is the time of the most recent position sample. The wavy-dotted lines
on top symbolize the growth of the cube with time.

3 In the classical database meaning.
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Fig. 7. Relationships: (a) trajectory/spatial environment and (b) trajectory/trajectory

The trajectory representation is adequate to derive certain properties and relations
of the object’s movement:

Properties in MOD. Trajectories are characterized by a set of different properties
depending on the application requirements. Some of the most common properties are:

— the speed of the movement (indicated by the inclination of the trajectory)
— the heading of the vehicle,

— the covered area, indicating the area the vehicle covered during its trip,
— the traveled distance, and

— the traveled time.

Based on our studies [32] [34], the aforementioned representation is adequate for
mobile database modeling, since it gives answers to simple questions, such as ‘which
area did vehicle A-4592 cover during its trip?’ and to more complex ones, like ‘which
vehicles left Athens after midnight moving East and were found close to each other 2
hours later?’.

Relations in MOD. Through their movement, trajectories relate to their environment in
different ways over time. In the following, we discuss to types of relationships, namely
how a trajectory can relate to its (spatial) environment and to other trajectories.

Relations between a trajectory and its spatial environment. Trajectories can have
relations with the spatial environment. which includes other spatial objects. These can
be either infrastructure elements, such as roads, parks, buildings, etc. but also imagi-
nary entities such as city boundaries or query regions. In the temporal context these
spatial entities become three-dimensional (i.e., space and time dimensions) repre-
sented by e.g., a 3D region. We distinguish five basic relationships (Figure 7(a)), but
others can also be included:

— stay within, when the trajectory is all the time in the range of interest,
— bypass, when the trajectory passes by the range of interest,

— leave, when the trajectory leaves the range of interest,

— enter, when the trajectory enters the range of interest,

— cross, when the trajectory crosses the range of interest.
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Relations among trajectories: Additionally, relevant positions among trajectories
need to be registered at time points. The most common ones based on topological
reasoning [10] are the following (Figure 7(b) depicts four of them):

— intersect, indicating that two trajectories intersect,

— meet, showing that two trajectories touch at one point

— equal, when two trajectories coincide,

— near, when two trajectories are close to each other, based on definitions on what
‘close’ means

— far, when two trajectories are away from each other.

Note that the concepts of far/near are context sensitive and thus depend on the ap-
plication domain. For example, what is ‘near’ for two airplanes is rather ‘far’ for two
cars and even farther for two pedestrians.

Having defined the above, one can ask for trajectory(-ies) fulfilling one or more
conditions; from the simple ‘which area did vehicle X cover during its trip?’ to the
more complex ‘which vehicles left this area after midnight moving East and were
found close to each other 2 hours later?’

Some of the aforementioned properties and relations have been also presented in
Section 4.1 to capture the semantics of movement and location. Here, for the needs of
MOD, we present them in more detail. Additionally, for both types of relations there
exists a substantial amount of work in literature with respect to the way of how two
real world objects are topologically associated. In this work, we just include the fun-
damental ones.

Organizing MOD for a Traffic LBS. The various concepts relating to trajectories
presented in the previous section are organized to define the underlying data model of
a MOD. Following the well-known methodology of a database design, including the
phases of conceptual modeling, logical modeling and implementation, we initially use
conceptual modeling to capture the semantics of the aforementioned concepts in an
organized manner. For the conceptual representation, we use the class diagram of
UML [4] due its popularity, high-degree of comprehension and expressiveness.

Figure 8 illustrates the conceptual schema of MOD and exhibits five major classes,
namely, trajectory, 3D-region, vehicle, road, and road segment and two relations
which are modeled as object classes: the relation among trajectories (‘trajec-
tory/trajectory’) and the one between trajectory and 3D-region (‘trajec-
tory/environment’). Due to the fact that movement, changes continuously other prop-
erties of the objects involved in the database, such as the speed of the vehicle, the
heading of the vehicle, and relations among them, such as far (i.e., the two vehicles
are far’), or near (i.e., the two vehicles are near’) it is essential to capture functions or
operations on objects. For example, ‘GetSpeed’ shows the speed of the vehicle at a
given time point, or ‘Far’ gives a boolean answer about whether or not two vehicles
are far from each other. An operation is a service applied on an object. The UML
class diagram proved to be expressive enough to capture all the aforementioned ele-
ments and semantics.

To capture a ‘trajectory’, we need an identification of the mobile device (indicated
by ‘object id’), the actual trajectory (‘trajectory id’) as well as the position of the
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Fig. 8. An excerpt of the database schema of MOD

trajectory itself. In other words, ‘position’ describes the trace of the moving vehicle.
The data types used are abstract, since they only should indicate the dimensionality of
the parameter. More concrete instances of data types can be found in, e.g., [21]. A set
of operations, e.g., GetSpeed(spatiotemporal), GetTime(spatial), and TravelledDis-
tance(spatiotemporal), GetHeading(spatiotemporal) are prototypical and show what
type of information can be derived from the trajectory data, e.g., to compute the trav-
eled distance or the heading of a trajectory, we apply an operation that uses a spatio-
temporal range as a parameter.

The ‘3D-region’ class is prototypical to denote the spatial environment of the tra-
jectory (as part of a 3D-region representing the 2D-space and the time dimension (cf.
Figure 1(b))). It is a fundamental object class of MOD. As stated previously, the 3D-
region can be built up as time progresses and the objects move; in this case it shows
the total covered area.
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Trajectories ‘have’ (one or more) relations either with other trajectories, or their
3D-region class. Figure 8 contains the respective classes functions to compute such
relationships. E.g., ‘Leave’ without parameter computes the spatiotemporal positions
at which a trajectory left a given instance of a 3D-region class. To restrict the opera-
tion, we can use an argument to the function. In the case of Leave it is a temporal
argument, i.e., the search for spatiotemporal positions at which the trajectory has left
the region is restricted to a given time interval. In the class ‘trajectory/environment’
the parameter ‘position’ or ‘time’ capture the result of the function. Equally, so does
‘position’ in relation ‘trajectory/trajectory’.

Finally, for reasons of integrity, we capture the obvious object classes ‘vehicle’,
‘road’ and ‘road segment’. Note that the relation between vehicle and trajectory is an
aggregation, as one vehicle can appear and disappear (due to loss of the GPS signal)
and thus its route is a combination of trajectories. The same happens between ‘road’
and ‘road_segment’.

Figure 8 depicts, as a prototypical example, only the basic classes; other classes,
for example 3D-lines (e.g., road-networks in time) that exhibit different relations with
moving objects (e.g., moving along, etc.) can also be accommodated in this approach.

The rationale and choices presented here have the main advantage of describing
two basic concepts: (a) the trajectory of the moving object by keeping track of its
movement, and (b) the moving object itself, by recording its last known position. The
spatiotemporal framework in which the movement takes place can either be built on
the fly (i.e., while objects move) or be pre-defined (e.g., Athens in a specific time
interval).

5.2 The Content Ontology of a Tourist LBS

Tourist content data includes information relating to entertainment, museums, history,
etc. These Content Data can be structured in the form of an ontology/taxonomy
grouping the content into a hierarchical set of categories of data.

Figure 9 shows an excerpt of a Content Ontology in Protégé showing related
classes in a tourist LBS. The arrow indicates a superclass-class relation; e.g., History
is the superclass of Historic_Event and Historic_Site.

Such a taxonomy can be seen as a general means to structure content data. For ex-
ample, for the tourist LBS, given the fact of the historic battle of Marathon, which
happened in the year 490BC, this information can be categorized under the ‘His-
toric_Event’ class. Figure 9 illustrates this by having the instance ‘Bat-
tle_of_Marathon’ connected to the respective class by a dashed arrow. Another ex-
ample is the historic site ‘Acropolis’ categorized under to the ‘Historic_Site’ class.

The organization of Figure 9 exhibits similarities with other existing taxonomies
existing, such as the dmoz.org open directory [9].

Content is related to spatial information in terms of the position of the facilities it
describes. For example, the content of a tourist LBS includes the positions of all res-
taurants in Athens. This spatial data is not related to the Space Ontology (Section 4.3),
as the later describes the whereabouts of the moving object.
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Fig. 9. An excerpt of the Content Ontology for a tourist LBS

6 The Application Ontology of LBS

Following Figure 1, the next step is the analysis and the modeling of the Application
Data. Application Data (cf. Figure 1) refers to profiles and services, related to specific
applications, in our case, the traffic and tourist LBS. In this section we discuss the
types of user profile data and services and possible ways to represent them in the
Application Ontology (cf. Section 4.2). We do not deal with the device profile (cf.
Section 3.2), as its data is governed by the characteristics of the particular device and
this is outside the scope of this work.

6.1 The Profile Ontology

Users do have preferences with respect to what information they usually request, and
considering mobility, as to when and to where they do this. Recording these data
leads to creating a user profile. It represents the choices and the needs of each indi-
vidual user so that (a) the mobile device behaves in a way desired by the user and (b)
information of interest is forwarded to the user in both synchronous (pull) and asyn-
chronous (push) modes. In both cases the position of the user and the time are essen-
tial features and are taken into account. For example, in the tourist LBS, the user
profile changes depending on the position of the user (e.g., ‘when I am in Berlin, my
profile is business, when in Bahamas, my profile is fourism) or even on the time (e.g.,
‘after 8pm receive only information about entertainment’).

The user profile can be: (a) explicitly defined by the user and (b) implicitly be
modified by a data mining module that takes the demographic data of the user and
his/her behavior patterns into account, where behavior patterns can be categorized
into (i) spatiotemporal behavior (i.e., the user motion patterns in space through time)
and (ii) previous choices that the user has made regarding information access.

Figure 10 gives an example of a simple, explicitly defined User Profile Ontology,
for the traffic and the tourist LBS, that structures the interested of a ‘User’ based on
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Fig. 10. An excerpt of the user profile of the Application Ontology for the tourist LBS

the concept of a ‘Role.” Roles are aggregations of profile specifications with the inter-
ests specified as keywords for each role. E.g., if a user “activates” his ‘tourist' role, he
wants to be notified of services relating to history and entertainment (cf. Figure 10).
His ‘businessman’ role states his interest in traffic news and city activities. As we will
see later on in Section 6.3, this explicit specification of interests can be used for auto-
matic service discovery.

6.2 The Service Ontology

Since services rely on data, relating to the content ontology of Figure 9, a similar
ontology can be derived to structure services in relation to the data they provide. Ser-
vices have the spatial dimension, in the sense that they are structured analogously to
the Site? they refer to. For example, for the tourist LBS, the Entertainment, Museums,
History, and Outdoor Activities, which are all services, are related to specific sites.
The same holds for a traffic LBS, in which the Traffic, i.e., Traffic_Jam and Traf-
fic_Load always refer to specific sites.

Figure 11 illustrates an excerpt of the Service Ontology of the traffic and the tourist
LBS.

Site can be a point or an area providing specific services, e.g., facilities in the area..
A service ontology is used to discover services based on a request. A request is speci-
fied in terms of the spatial parameter, i.e., Site, and additional descriptive information
such as keywords. Using the service ontology, all services will be structured accord-
ing to their respective spatial scope, i.e., their Sife, and the semantic category they
belong to. Matching a request to an actual service is done by matching the location
(of the user) and the keywords characterizing the request to the respective Site a ser-
vice covers and the specific category a service belongs to, respectively. Matching
keywords onto categories can be done by, e.g., measuring the word distance between
the set of keywords and the matching category descriptions in the taxonomy [43][40].

* We use the term Site to avoid confusion with location and position, which are reserved words
in this work.
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Consider the scenario from the tourist LBS in which a service providing historical
information relating to Acropolis, by using the classes of Figure 11, is categorized
under the ‘Historic_Site’ class. The typical example ‘give me the history of the place I
am’ (cf. Section 3) relates, spatially, the location (in this case position) of the tourist
with the area he is in.

Analogously, the example from the traffic LBS, ‘based on my position, where is a
traffic jam in Skm ahead’, relates, spatially, the location (cf. Figure 2b) to the area of
a traffic jam.

The spatial relation between Site and location is achieved by using well-known
spatial relationships [10].

6.3 Automatic Service Matching

In this section we discuss some ways services are provided by using concepts from
the Domain Ontology, and the Application Ontology.

Besides searching for services based on explicit requests (pull), services can be
triggered implicitly (push) by matching a user profile onto service descriptions by
using agents [31]. Assuming, in a tourist LBS, an extended user profile (cf. Section
6.1) contains information about preferences a person has when she is traveling as a
tourist, e.g., history and entertainment (cf. Figure 10). By traveling to a new destina-
tion at some point his ‘tourist’ profile will be matched onto available service descrip-
tion and, e.g., a service related to museums information will be presented to him. On
the other hand, when he is on the job, which is that of a traveling salesman by car, his
profile specifies that he is interested in traffic-related services. In this case, reaching a
new destination, traffic-related services will be presented to him.

Events (other than profile declaration) trigger this service discovery. Position and
location play a central role. It acts as a trigger to send related information to the user.
For example, when a tourist interested in history reaches the Athens city centre, a
service is activated that presents information about the Athens archaeological mu-
seum.
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Another factor that can act as a trigger for service discovery and activation is the
history of the user, which can be registered in his profile. For example, in the tourist
LBS, considering a tourist who frequently visits museums. Then, even if he has not
defined explicitly ‘history’ or ‘museums’ as a preference in his profile, when coming
to Athens he still will be presented services that inform him about the Athens ar-
chaeological museum. A detailed discussion about the role and use of events in LBS
can be found in [22].

7 Conclusions

In this work, we analyze, comprehend and model data semantics of LBS. The analysis
of data leads to the Domain, Content and Application Data categories depending on
the related concepts and their use. To model these data categories we adopt the se-
mantically rich UML as well as the long-praised method of ontologies, depending on
the application needs and the complexity of semantics.

Modeling the semantics of the three data categories leads to the creation of three
different ontologies: the Domain Ontology, the Content Ontology and the Application
Ontology. This structure, illustrated in Figure 12, serves as the backbone architecture
to support LBS based on ontologies, with special focus on autonomy and share.

Profile
Space Ontology Time Ontology < Ontology Content
’ Ontology
Domain Service
Ontology Ontology Application
Ontology

Fig. 12. The Ontology structure of LBS

The three data categories are interconnected; the Application Ontology is con-
nected to both the Domain Ontology and the Content Ontology, since the Service
Ontology relates to the Content and to the Space and the Time Ontology, and the
Profile Ontology relates to the Space and the Time Ontology. For example, in order to
provide the service ‘closest restaurant’ a reference to the restaurants index is needed
and to the position of the user. There is no association between Content and Domain
Ontology. The Content refers to specific geographic information (for example, loca-
tion of restaurants in Athens), but this is general spatial data, outside the Domain
Ontology, which refers to the where and when the user is.

A major contribution of this work, is the creation of ontologies (i.e., Domain, Con-
tent and Application) for LBS, to represent, share and exchange the concepts of loca-
tion, position, movement and time among location-based applications.
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Another important strength of this work is the clear distinction between location
and position, which solves ambiguities and makes assumptions about these two con-
cepts clear. Distinguish location from position further helps on the accurate semantic
modeling and the representation, exchange and integration of location from multiple
sources.

Finally, the applicability and feasibility of our design choices are shown with ex-
amples from two real case studies, the tourist and the traffic LBS for the Athens Met-
ropolitan Area.
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