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Figure 1: GigaMobile overall project structure.




Draft v0.1

[image: image12.wmf]

	A generic interface for location handling

	D2.6. of Project GigaMobile 2002




	Colophon
	

	Date :
	11 December 2002

	Version :
	1.0

	Change :
	

	Project reference :
	GigaMobile/D2.6

	TI reference :
	

	Company reference :
	

	URL :
	https://doc.telin.nl/dscgi/ds.py/ViewProps/File-26996

	Access permissions :
	Anyone

	Status :
	Final

	Editor :
	Johan de Heer

	Company :
	TICO

	Author(s) :
	Johan de Heer, Ronald van Eijk, Petri Määttä (VTT), Arjan Peddemors


Synopsis:

 “How do we conceptually deal with the different methods and technologies to determine location and the various ways to represent location information?” This report deals with the question of interoperability (how different technologies exchange information) and the question of interpreting location information. Currently, associating semantics to location information is very limited or not done at all. However, semantics for location information is essential for adequate use of location information. The solution we propose is directed to PLIM (Presence Location Instant Messaging) architecture. PLIM is an Instant Messaging system with Presence functionality that is extended with Location functionality (where is the user now). In the first implementation PLIM uses Bluetooth technology to determine the users location. In the current prototype it is also possible to determine the users location by using WLAN. The generic interface between both position technologies and the application is described in this report. 

Preface

GigaMobile continues building up knowledge and mobile service demonstrators focused on

the three areas strategically selected in 2001. These are the (functional) ‘pillars’ supporting

the customised mobile services:

· Personalisation In 2001 GigaMobile investigated information management (profiles) and service discovery for a Personal Service Environment (PSE), as well as the applicability of (open) standards and platform technology (Parlay, OSA, 3GPP, W3C). In 2002 the key deliverables focus on open, service enabling platforms, solving conceptual problems –in particular active adaptation (context adaptation) of user profiles– and building demonstrators (see work package 1). Clearly, there are links to intelligent brokerage in the area of profile learning and agents for service discovery.

· Localisation In 2001 GigaMobile worked on several Unified and Instant Messaging issues for the mobile domain, called Personalized Messaging Service (PMS). In 2002 we will continue and enhance this work and add research on location-based services. Key deliverables concern the identification of relevant Business-to-Employee scenarios in the location-dependent and time-critical domain, and their proof of concept in demonstrators. Research issues are sensor-based localisation services, instant messaging and presence services (see work package 2).

· Brokerage (of customised mobile services). In 2001 GigaMobile studied and demonstrated (by simulation) the use of agent technology for brokerage services, and worked on Quality of Service adaptation issues. In 2002 we will continue this work and study the business relevance related technologies in the area of personal, locationdependent and time-critical mobile services. Key deliverables concern the architectural design of (secure, agent-based) brokerage systems (see work package 3).
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Figure 1: GigaMobile overall project structure.

In order to overcome the barrier of application development for broadband mobile networks it is necessary to address user, business and technology aspects of mobile services. The following three questions are therefore relevant to GigaMobile:

· What mobile applications (services) are of interest to the user?

· What technology is necessary to enable these applications?

· What business model is most likely successful in deploying these services?

Related to the three carrying pillars, the GigaMobile project brings together knowledge on these three questions in an integration task, as shown in Figure 1, which gives the project focus (see also work package 4). This task will identify a joint customised service that steers the research and demonstrators of all pillars, and to which all pillars contribute. Also, an integrated demonstrator is built which applies the generic pillar solutions for a specific situation. To ensure business relevance for the specific demonstrator, a sounding board from industry will be defined.
Table of Contents

91
Introduction


91.1
General introduction


101.2
Research issue: making something explicit that is usually just implicit


101.3
Scope of this document


112
Handling location


112.1
Location technologies and techniques


112.1.1
Overview


112.1.2
Bluetooth


122.1.3
Wireless LAN


132.2
Fora


132.2.1
3GPP


142.2.2
Location-interoperability Forum (LIF)


172.2.3
Open Mobile Alliance (OMA)


182.2.4
IETF: The Spatial Location Protocol (SLoP)


182.2.4.1
Definitions


192.2.4.2
Location Representation


192.2.4.3
A Common Spatial Location Data Set May 2001


212.2.4.4
A Simple Text Format for the Spatial Location Protocol (SLoP)


212.2.4.5
Common Syntax and Coding for Descriptive Location


222.2.4.6
Spatial Location Payload


232.2.4.7
Remark


232.2.5
Open GIS Consortium (OGC)


242.2.6
World Wide Web Consortium (W3C)


252.2.7
Specific contributions


252.2.7.1
MObile Information Standard TEchnical Committee (MOSTEC)


262.2.7.2
Spatial Information Science


283
Languages to define and describe Semantics


283.1
General introduction


293.2
SGML/XML8


313.3
Semantics in practice:


313.3.1
The Semantic Web


323.3.2
Multimedia


334
The application


334.1
General introduction


344.2
Presence Location Instant Messaging (PLIM)


354.3
VTT WLAN position technology


374.4
Location Visualisation Yellow Pages (LVYP)


394.5
Definition of a generic location handling interface


404.6
Requirements of the generic interface


404.7
Usage scenario integrated application


414.8
Implementation of PLIM using both Bluetooth and WLAN positioning


414.8.1
Positioning architecture


424.8.2
The integrated PLIM framework


434.8.3
The generic location presentation format based on MLP


454.9
Conclusions


465
Meaningful location determination


465.1
Introduction to semantics


465.2
Location models


495.3
Flow of location related information


535.4
Semantic location Interpretation


535.4.1
Annotating location with URI


565.4.2
Using RDF to describe location


586
Conclusion





1 Introduction

1.1 General introduction

The main advantage of users using mobile terminals as compared to fixed terminals is their nomadicity. Hence, the location of the user is becoming a critical attribute for all parties involved in the mobile value chain. Personalised, location-dependent, time-critical services are the result (location based services) (see Figure 2).
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Figure 2: People on the move using mobile services

While the current generation location based services are just starting to take off, the new generation mobile services are announced. Expected is that future mobile services consider location information as just one of the important attributes. These so called context-aware services consider besides information about the users location also information important regarding computational resources (devices, networks), the user activities (at work, home), his social context (meeting, alone), etcetera. These factors together describe the users actual situation that is needed to customize mobile services (Kranenburg et al., 2002).  

In this report we focus only on location information as an important indicator of the current context of the mobile user. There is increasing interest towards location technologies and location based mobile services. Many future mobile services would be possible only if the location of the user can be somehow determined or, at least, the services would greatly benefit from the location information.  

However, the great social and commercial value offered by Location Services "to anyone anywhere" depends upon the implementation of a consistent infrastructure of "standard Location Service interfaces."  Such interfaces need to be designed for compatibility across regions, vertical applications, classes of users, product classes and, most importantly, the networks built by the various communications service providers. With the successful installation of a standards infrastructure, significant growth of the Location Services market is assured.

1.2 Research issue: making something explicit that is usually just implicit

An important, not yet solved, research question will be discussed throughout the rest of this report: 

How do we conceptually deal with the different methods and technologies to determine location and the various ways to represent location information?

We deal with the question of interoperability (how different technologies exchange information) and the question of interpreting location information. Currently, associating semantics to location information is very limited or not done at all. However, semantics for location information is essential for adequate use of location information.

Our solution is directed to define a generic interface for location handling. 
With this we mean location handling not just at representation level (descriptive, 
coordinates, maps) but also at a more meaningful, semantic level. So relating location to 
the real world and making clear its role and function for the application. This could 
be done by defining a semantic layer that converts representative location information 
to context related information that is more useful for the application. On this level 
questions like "To which organization belongs room 105”? or "What is the distance 
between two virtual locations"? etc. have to be solved at that semantic level.

1.3 Scope of this document

The first two chapters provide general overviews. In Chapter 2 we focus on the different methods and technologies to determine location and current standardization efforts. The solution we propose for the research question is directed to PLIM (Presence Location Instant Messaging) architecture. PLIM is an Instant Messaging system with Presence functionality that is extended with Location functionality (where is the user now). In the first implementation PLIM uses Bluetooth technology to determine the users location. In the current prototype it is also possible to determine the users location by using WLAN. The design and implementation of an application that makes the PLIM do its positioning using both Bluetooth and WLAN technologies is described in more detail in Chapter 4. This includes a description of the generic interface that can deal with both positioning technologies. In Chapter 5 the concept of meaningful location determination is discussed. This includes some directions on how to add semantics to location. We end with some conclusion in chapter 6. 

2 Handling location

2.1 Location technologies and techniques

2.1.1 Overview

Bahl et al. (2000) define the following broad categories in the area of location and tracking

1. IR-based systems

2. indoor RF-based systems 

3. wide-area cellular-based systems

4. everything-else, e.g. ultrasound, magnetic fields, etc.

Many different technologies are used to provide location information. Very common is the GPS system, which uses a network of satellites and provides position information accurate within 10–20 m. However, due to its satellite-based nature, it is not suited for indoor positioning. In cellular telecommunication networks such as GSM, the cell ID gives coarse-grained position information with an accuracy of about 200 m to 10 km. More advanced technologies based on triangulation measure e.g. the angle of arrival (AOA), the time of arrival (TOA), or the enhanced observed time difference (E-OTD), and typically provide an accuracy of < 150 m.

In the wide-area cellular arena, several location determination systems have recently been proposed (Bahl et al., 2000). The technological alternatives for locating cellular telephones involve measuring the signal attenuation, the angle of arrival (AOA), and/or the time difference of arrival (TDOA). While these systems have been found to be promising in outdoor environments, their effectiveness in indoor environments is limited by the multiple reflections suffered by the RF signal, and the inability of off-the-shelf and inexpensive hardware to provide fine-grain time synchronization.

For fine-grained indoor location information, various technologies are available, based on infrared, RF, or ultrasonic technologies often using some type of beacon or active badge. Given the ubiquity of mobile devices like PDAs, however, active badges and the like will probably be superseded by location technologies incorporated in these devices.

2.1.2 Bluetooth

Bluetooth is a low-power wireless technology using short-range radio links (Bluetooth.org, 2001a,b). It intends to replace cables, support personal ad-hoc networks, and support data and voice access point connectivity. Bluetooth uses a set of profiles that describes how the technology is used. For example, the serial port profile provides RS-232 serial cable emulation. Each Bluetooth interface is associated with a 48-bit Bluetooth address and a user-friendly name consisting of a maximum of 248 bytes. Three different types of radio power are allowed by the Bluetooth specification: class 1 (100mW), class 2 (2.5mW), and class 3 (1mW). Currently, most manufacturers produce class 3 devices. Typically, these bridge a maximum of 10 meters, while the class 1 devices can reach up to a maximum of 100 meters. It is possible to connect devices from different classes, where, obviously, the device in the lowest power class determines the maximum distance between them

As part of the inquiry process, a filter can be set that filters the result during device discovery. The filter can be set on the Class of Device information provided by the discovered Bluetooth devices. The Bluetooth SIG registers assigned numbers for, amongst others, the Class of Device information (Bluetooth.org, 2001c). One of the service classes defined and registered for the Class of Device field is positioning. This enables the device that executes an inquiry to only receive results from those surrounding devices that provide location information.

2.1.3 Wireless LAN

In September of 1999, the Institute of Electrical and Electronic Engineers (IEEE) ratified the specification for IEEE 802.11b, also known as Wi-Fi. IEEE 802.11b defines the physical layer and media access control (MAC) sublayer for communications across a shared, wireless local area network (WLAN). 

At the physical layer, IEEE 802.11b operates at the radio frequency of 2.45 gigahertz (GHz) with a maximum bit rate of 11 Mbps. It uses the direct sequence spread spectrum (DSSS) transmission technique. At the MAC sublayer of the Data Link layer, 802.11b uses the carrier sense multiple access with collision avoidance (CSMA/CA) media access control (MAC) protocol. 

A wireless station with a frame to transmit first listens on the wireless medium to determine if another station is currently transmitting (this is the carrier sense portion of CSMA/CA). If the medium is being used, the wireless station calculates a random backoff delay. Only after the random backoff delay elapses can the wireless station again listen for a transmitting station. By instituting a random backoff delay, multiple stations that are waiting to transmit do not end up trying to transmit at the same time (this is the collision avoidance portion of CSMA/CA). 

IEEE 802.11b wireless networking consists of the following components: 

Stations 

A station (STA) is a network node that is equipped with a wireless network device. A personal computer with a wireless network adapter is known as a wireless client. Wireless clients can communicate directly with each other or through a wireless access point (AP). Wireless clients are mobile. 

Wireless APs 

A wireless AP is a wireless network node that acts as a bridge between STAs and a wired network. A wireless AP contains: 

· At least one interface that connects the wireless AP to an existing wired network (such as an Ethernet backbone). 

· A wireless network device with which it creates wireless connections with STAs. 

· IEEE 802.1D bridging software, so that it can act as a transparent bridge between the wireless and wired networks. 

The wireless AP is similar to a cellular phone network's base station. Wireless clients communicate with both the wired network and other wireless clients through the wireless AP. Wireless APs are not mobile and act as peripheral bridge devices that extend a wired network. 

Ports 

A port is a channel of a device that can support a single point-to-point connection. For IEEE 802.11b, a port is an association, a logical entity over which a single wireless connection is made.

The choice for WLAN for positioning is based on the growing availability of WLAN networks and the fact that hardware and interfaces are getting cheaper. Another advantage is that the same infrastructure can be used for IP connectivity. A disadvantage is the high power consumption of WLAN interfaces. This is a problem for mobile devices.

2.2 Fora

There are many different ways of expressing location information designed by numerous domains and organizations. They include (Mari et al, 2001):

2.2.1 3GPP

The original scope of the 3rd Generation Partnership Project (3GPP) was to produce globally applicable Technical Specifications and Technical Reports for a 3rd Generation Mobile System based on evolved GSM core networks and the radio access technologies that they support (i.e., Universal Terrestrial Radio Access (UTRA) both Frequency Division Duplex (FDD) and Time Division Duplex (TDD) modes).  The scope was subsequently amended to include the maintenance and development of the Global System for Mobile communication (GSM) Technical Specifications and Technical Reports including evolved radio access technologies (e.g. General Packet Radio Service (GPRS) and Enhanced Data rates for GSM Evolution (EDGE)).

Expression standardized for GSM and UMTS (called here “3GPP”) to be used internally in the GSM and UMTS mobile networks specified by the Third generation Partnership Project (3GPP)

2.2.2 Location-interoperability Forum (LIF)

LIF (http://www.locationforum.org/ ), a global industry initiative, was formed in September 2000 with the purpose of developing and promoting industry common solutions for Location Based Services (LBS). 

The recommendations of the LIF to the mobile community are both network protocol and positioning technology independent with the goal of addressing interoperability issues and accelerating time to market of location-based services. Membership is open to companies worldwide, including application and content providers, infrastructure vendors, device manufacturers and mobile operators.

An interface towards mobile networks (e.g. GSM) for providing access to location information of mobile terminals has been developed and published by the Location-interoperability Forum (LIF). 

Mobile Location Protocol (MLP) Specification

The Mobile Location Protocol (MLP) is an application-level protocol for getting the position of mobile stations (mobile phones, wireless personal digital assistants, etc.) independent of underlying network technology. The MLP serves as the interface between a Location Server and a Location Services (LCS) Client. This specification defines the core set of operations that a Location Server should be able to perform.

The purpose of the MLP specification is to define a simple and secure access method that allows Internet applications to query location information from a wireless network, irrespective of its underlying air interface technologies and positioning methods.

This specification covers the core of a Mobile Location Protocol that can be used by a location-based application to request MS location information from a location server (GMLC/MPC or other entity in the wireless network).

This specification has been prepared by LIF to provide a simple and secure API (Application Programmer’s Interface) to the location server, but that also could be used for other kinds of location servers and entities in the wireless network.

The API is based on existing and well-known Internet technologies as HTTP, SSL/TLS and XML, in order to facilitate the development of location-based applications.

The following types of location service have been defined and can be supported by the protocol specification:

Standard Location Immediate Service

This is a standard query service with support for a large set of parameters. This service is used when a (single) location response is required immediately (within a set time) or the request may be served by several asynchronous location responses (until a predefined timeout limit is reached).

This service consists of the following messages:

· Standard Location Immediate Request

· Standard Location Immediate Answer

· Standard Location Immediate Report

Emergency Location Immediate Service

This is a service used especially for querying of the location of a mobile subscriber that has initiated an emergency call. The response to this service is required immediately (within a set time).

This service consists of the following messages:

· Emergency Location Immediate Request

· Emergency Location Immediate Answer

Standard Location Reporting Service

This is a service that is used when a mobile subscriber wants an LCS (Location Services) Client to receive the MS (Mobile Station) location. The position is sent to the LCS Client from the location server. Which application and its address are specified by MS or defined in the location server.

This service consists of the following message:

· Standard Location Report

Emergency Location Reporting Service

This is a service that is used when the wireless network automatically initiates the positioning at an emergency call. The position and related data is then sent to the emergency application from the location server. Which application and its address are defined in the location server.

This service consists of the following message:

· Emergency Location Report

Triggered Location Reporting Service

This is a service used when the mobile subscriber’s location should be reported at a specific time interval or on the occurrence of a specific event.

This service consists of the following messages:

· Triggered Location Reporting Request

· Triggered Location Reporting Answer

· Triggered Location Report

· Triggered Location Reporting Stop Request

· Triggered Location Reporting Stop Answer

Based on these services and a general architecture for location based services (containing a location server and location based application itself) the MLP defines a format for messages exchanged by these entities, i.e. request and response messages. In the most scenarios an LCS client (may or may not be mobile) initiates the dialogue by sending a query to the location server and the server responds to the query.

MLP structure

In our heterogeneous world, different devices may support different means of communication. A ubiquitous protocol for location services should support different transport mechanisms. In MLP, the transport protocol is separated from the XML content. In fact the MLP is structured in three layers:

Transport layer. On the lowest level, the transport protocol defines how XML content is transported. Possible MLP transport protocols include HTTP, WSP, SOAP and others.

Element layer. The Element Layer defines all common elements used by the services in the service layer. For example MLP defines the following set of DTDs making up the element layer of MLP: Identify, Function, Location, Shape, Quality of Position, GSM Network parameters, Context element definitions. 

Service layer. The Service Layer defines the actual services offered by the MLP framework. Basic MLP Services are based on location services defined by 3GPP, and are defined by this specification. For example a SLIS (Standard Location Immediate Service) consists of slir (Standard Location Immediate Request), slia (Standard Location Immediate Answer) and slirep (Standard Location Immediate Report) messages. 

LIF and the Open Mobile Alliance

Recently LIF has signed a Memorandums of Understanding of their intent to consolidate with the Open Mobile Alliance (see next section). 

2.2.3 Open Mobile Alliance (OMA)

The Open Mobile Alliance (http://www.openmobilealliance.org) was formed in June 2002 by nearly 200 companies representing the world’s leading mobile operators, device & network suppliers, information technology companies and content providers, among others KPN, Lucent Technologies, and Walt Disney. 

The foundation of the Open Mobile Alliance was created by consolidating the efforts of the supporters of the Open Mobile Architecture initiative and the WAP Forum. In addition, the Location Interoperability Forum (LIF), SyncML, MMS Interoperability Group (MMS-IOP), and Wireless Village, each focusing on mobile service enabler specifications, announced that they have signed Memorandums of Understanding of their intent to consolidate with the Open Mobile Alliance. 

The goals of the Open Mobile Alliance is to define an open standards based framework to permit services to be built, deployed, and managed efficiently and reliably in a multi-vendor environment, establish one mobile industry standards forum, the Open Mobile Alliance to function as the driving force responsible for creating service level interoperability, drive the implementation of open services and interface standards, through the user centric approach to ensure the fast wide adoption of mobile services.

Main goals of the Open Mobile Alliance are:

· Deliver responsive and high-quality open standards and specifications based upon market and customer requirements 

· Establish centres of excellence for best practices and conduct interoperability testing  (IOT), including multi-standard interoperability to ensure seamless user experience 

· Create and promote common industry view on an architectural framework 

· Be the catalyst for the consolidation of standards fora; working in conjunction with other existing standards organizations and groups such as IETF, 3GPP, 3GPP2, W3C, JCP 

Some of the Open Mobile Alliance Principles are: 

· Products and services are based on open, global standards, protocols and interfaces and are not locked to proprietary technologies

· The applications layer is bearer agnostic (examples: GSM, GPRS, EDGE, CDMA, UMTS)

· The architecture framework and service enablers are independent of Operating Systems (OS)

· Applications and platforms are interoperable, providing seamless geographic and inter-generational roaming 

At this moment the OMA has made documents available about an open mobile architecture, WAP en Digital Rights Management. 

2.2.4 IETF: The Spatial Location Protocol (SLoP)

In 2000/2001, several IETF (Internet Engineering Task Force) Drafts about a new protocol called SLoP (Spatial Location Protocol) were released for public review (SLoP, 2001). According to these papers, the purpose of SLoP is to have an standard way for an application to acquire the spatial location of an identifiable resource over or represented on the Internet, in a reliable, secure, and scalable manner. In communication terms, this protocol will support UDP transport with retry timers for reliability, with TCP as an optional transport, along with RTP and/or SCTP. So, SLoP servers will be accessible from any platforms with TCP/IP capabilities

This protocol will specify an absolute location on the earth and will use WGS84 geodetic datum as default reference system. The format of this default scheme will specify the location in longitude, latitude and altitude parameters, where altitude may be an optional parameter. 

Also, in the future SLoP should support other location representations than the default, including existing schemes and formats widely used in other contexts. These location representations may be absolute or descriptive.

In short, SLoP responses will ideally report the following data items (providing that the specified scheme and format have such capability): 

· Used location type (e.g., absolute/descriptive location) 

· Framework (e.g. WGS84, UTM, etc) 

· Syntax/format (e.g. long, lat., alt. in degrees). 

· Geocentric Position 

· Accuracy 

· Time stamp (date, time, time zone) 

· Time-to-live 

· Others (Direction, Velocity, Orientation...etc) 

2.2.4.1 Definitions

Target:
The entity whose location is known by the server and desired by the client.  The protocol does not specify how the server learns the location of the target. 

Server:

Entity which supplies the location of the target to the client.  One end of 


the protocol. 

Client:

The entity which desired to learn the location of the target. One end of the 

protocol.

Precision:   
Number of digits to which the measurement is accurate 

Accuracy:
The measurement is correct to within this maximum expected error 

Exactness:
The precision of the reported value. 

Velocity:
Speed and direction 

Orientation: 
Heading or bearing on or near the surface of the Earth, with respect to 


True North 

Obfuscate:
To intentionally make the measurement less accurate by adding 


randomness. 

Geocentric:
With respect to, or centered upon the center of gravity of the Earth.

2.2.4.2 Location Representation 

A location representation is an instantiation of the location of a target.  In SLoP, location representations shall be determined through two levels of abstraction: schema and format (SloP, 2001). 

"Schema" defines the logical scheme the location representations are based on, such as WGS84.  "Format" defines how a given schema is represented.  A schema can be formatted in several ways.  For example, a location determined by WGS84 can be represented in a set of longitude, latitude, and altitude or geo-centric Cartesian coordination (X, Y, Z).

2.2.4.3 A Common Spatial Location Data Set May 2001

Currently many organizations are working on location-related  technologies, and how to express and provide location information to  services and applications in the Internet. such organizations are  IETF, OpenGIS, 3GPP, LIF, WAP Forum, W3C, etc.  Each of them basically specifies its own way of providing and expressing location information to services and applications. This raises a serious problem - the various location information formats, services, and applications will not be interoperable in the Internet. Therefore, a common way of expressing location information for services and applications in the Internet is needed (SLoP, 2001).

One way of reaching interoperability is to have a common data set to express spatial location information with in the Internet. This draft proposes such a set. The design aims at bridging various existing/proposed data representation formats, as well as meeting the   requirements of existing/proposed location-aware services (SloP, 2001).

The Elements of the Data Set

The proposal of a common data set is based on identified elements important to applications, and on the available data from different devices and interfaces.

Co-ordinates and Datum (mandatory)

When reviewing the various existing interfaces and data representation formats, we find that most of them support coordinates expressed in latitude, longitude, and altitude (optional) using WGS-84 datum. Thus we propose to use these in the common data set, where latitude and longitude would be mandatory. In order to keep the common data set simple, no other datum or coordinate systems are supported. We have chosen to enable the optional altitude to be expressed both as the WGS-84 reference ellipsoid and mean sea level as reference.

Location Accuracy (optional)

Location accuracy is the estimation/measurement error of a location. The different interfaces include different types of accuracy information. We propose to include the most common way to express this, i.e. horizontal accuracy, by circle of radius from the positioned point, and height accuracy, by range from the positioned point.

Time (mandatory)

Time is the time of a measurement/fix of a location of an object. It is an important factor for location information. With the help of the time it is easier to manage location information and it enables different kinds of approximations. It is a mandatory element.

Speed (optional)

Speed is indicated as horizontal ground and vertical speed. This expression is chosen because many systems are able to indicate horizontal ground and vertical speed.

Direction (optional)

Direction indicates the direction of movement. It is expressed in a 2-dimensional (horizontal) frame indicated by the magnetic (or true) North.

Course (optional)

Course indicates the direction from the current position to a defined destination. It is expressed in a 2-dimensional (horizontal) frame indicated by the magnetic (or true) North.

Orientation (optional)

Orientation describes the orientation of the positioned object. Orientation is often given with a local coordinate system as reference.

Since this reference frame can be different for different objects, it will be difficult to make a common expression based on this. One possibility would be to attach an object type indicating directly the used reference framework. Instead of such a solution, we propose a method where the orientation is expressed in a 2-dimensional (horizontal) frame indicated by the magnetic (or true) North, and a vertical element expressed by the angle between horizontal plane and the main axis of the object.

2.2.4.4 A Simple Text Format for the Spatial Location Protocol (SLoP) 

SLoP is designed to carry other formats that contain the spatial location (SLoP, 2001).  In many cases either the SLoP client and/or server could be a small mobile device with limited processing, memory, storage, and battery life.  At a minimum, the protocol must support a simple way to send coordinates, accuracy, and time in a single geocentric coordinate system.  While many formats exist for conveying latitude and longitude, few of the common formats maintain a good balance between parsing simplicity and providing exactly the required information.  This proposal is a simple, easily-parsed text format for the data elements that SLoP must be capable of conveying.

Example

An example of the proposed format follows.

        45.75;-175.98;25

        Thu, 20 Jun 2000 13:50:12.571 -07:00

        200;5;0.05

The example refers to a target at 45.75 deg north, 175.98 deg west, at 25m above mean sea level, measured with respect to the WGS84 geodetic datum. The location measurement was taken on June 20th at approximately 1:50pm PST and was horizontally accurate to 200m and vertically accurate to 5m. The second and fractional second portion of the time is accurate to 50ms.

2.2.4.5 Common Syntax and Coding for Descriptive Location

A common spatial location data set has been specified by the SloP working group (SloP, 2001). It has been designed as a lowest common denominator data set for location applications in the Internet, enabling interoperability if used. The data set enables locations to be presented as spatial points with help of coordinates expressed in latitude, longitude, and altitude using WGS-84 datum.

When considering some location-based applications interacting with various human users, however, we find the need of a common syntax to present a target's spatial location in a human-friendly way, i.e. what used in our everyday life, such as postal address, or spatial locations expressions in different human languages. We call a spatial location expressed in such a way Descriptive Location.

A common syntax and coding for descriptive locations are therefore needed to ensure their interoperability whenever possible. It is especially needed for the scenario when those human-serving applications are running over the largely geo-unrelated Internet.

The concept of this proposal is that we need to allow users to define their own descriptive locations and, at the same time, enable their possible "interoperability" such as cross-location-system translation. The mechanism proposed in this draft is, in a sense, a meta-level notation. Users can define their own "localized" descriptive location systems, while enabling the possible "interoperability" among the "localized" systems.

Descriptive-Location = Flat-Descriptive-Location |  Featured-Descriptive-Location

Feature = Civil-Object | Geo-Object | Opaque-Object

Civil-Object = Country | National-District | Province | State | Metropolitan-Area | City | County | City-Division |    County-Division | Town | Village | Resort | Camp | Street | Neighbourhood |Building | Block | Apartment | Section | Room | Subsection | Postal-Code

Country ... Postal-Code = LText

Geo-Object = Reservation | River | Falls | Lake | Spring | Sea | Under-Water-Feature | Channel | Bay | Cape | Beach | Island | Cliff | Mountain | Valley |Plain | Cave | Crater | Glacier | Forest | Tunnel

Reservation ... Tunnel = LText

Opaque-Object = Ltext      ; any location object; usually used for those which cannot be expressed directly via an object from the Civil-Object and Geo-Object sets

2.2.4.6 Spatial Location Payload

Slop also defined the syntax and coding for the spatial location payload, which can hold various spatial location data sets (SLoP, 2001).

There are very many different ways of representing location information and different location-based applications can require different spatial location data. This document defines a common Spatial Location Payload, to carry any spatial location data set, e.g., the common spatial location defined elsewhere or the descriptive location defined elsewhere, or any other location data.

The advantage of the Payload is that there will be a general way of expressing different location data sets, enabling interoperability and use of common tools. In addition, the Payload will e.g. enable a location to be expressed in many different ways, or combining  different location data sets (e.g. SLO and some application specific extensions).

2.2.4.7 Remark

The SLOP contributions have not been finalized into standards, i.e. IETF RFCs, because the SLOP group did not became an official IETF workgroup. Much of this work however can be found in the Mobile Location Protocol (MLP) specifications as published by LIF (see former section). For example the elements of the Location Data Set (e.g. Date, Accuracy Time) can be found as elements in the MLP.  

2.2.5 Open GIS Consortium (OGC)

OGC is an international industry consortium of more than 220 companies, government agencies and universities participating in a consensus process to develop publicly available geoprocessing specifications. Open interfaces and protocols defined by OpenGIS® Specifications support interoperable solutions that "geo-enable" the Web, wireless and location-based services, and mainstream IT, and empower technology developers to make complex spatial information and services accessible and useful with all kinds of applications.

Since its founding, OGC has grown to become one of the world's leading software consortia, devoted to the development of interoperability standards using "spatial," or "location" information on the Internet.

The OpenLS Initiative will focus on the development and demonstration of interface specifications in the following areas:

· Location application services and related location content, such as Electronic yellow page query and display, route determination and display, and Map/feature display and interaction. 

· Gateway Services that integrate location application services with common mobile terminals, wireless platforms, Internet Protocol (IP) platforms, and/or mobile position determination systems that operates between wireless-IP systems and location application servers. 

· OGC Services Framework, or services and content protocols that have been developed and tested in previous OGC testbed and specification initiatives.

The geography Markup Language (GML)
 for storing and transporting geographic information specified by the Open GIS Consortium (OGC)
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Figure 3: Location Services System Concept

The Open GIS Consortium, supporting Geospatial and Information Technolgy Industries with open standards specifications, has now released Geography Markup Language (GML) 2.0 with a complete W3C XML Schema notation. Abstract: "The Geography Markup Language (GML) is an XML encoding for the transport and storage of geographic information, including both the spatial and non-spatial properties of geographic features. This specification defines the XML Schema syntax, mechanisms, and conventions that (1) Provide an open, vendor-neutral framework for the definition of geospatial application schemas and objects; (2) Allow profiles that support proper subsets of GML framework descriptive capabilities; (3) Support the description of geospatial application schemas for specialized domains and information communities; (4) Enable the creation and maintenance of linked geographic application schemas and datasets; (5) Support the storage and transport of application schemas and data sets; (6) Increase the ability of organizations to share geographic application schemas and the information they describe. Implementers may decide to store geographic application schemas and information in GML, or they may decide to convert from some other storage format on demand and use GML only for schema and data transport."

2.2.6 World Wide Web Consortium (W3C)

The World Wide Web Consortium (W3C) develops interoperable technologies (specifications, guidelines, software, and tools) to lead the Web to its full potential. W3C is a forum for information, commerce, communication, and collective understanding.
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Figure 4: Language building blocks for the initial Web and the future Web according to W3C

NaVigation Markup Language (NVML) for describing navigation information submitted by the Fujitsu Laboratories to the World Wide Web Consortium (W3C)

2.2.7 Specific contributions

2.2.7.1 MObile Information Standard TEchnical Committee (MOSTEC)

Point Of Interest exchange language (POIX) for exchange location-related information over the Internet created by MObile Information Standard TEchnical Committee (MOSTEC) and submitted to W3C
.

The Internet is rapidly growing toward wireless and mobile environment beyond the wired world. Nowadays, various types of mobile devices including PDAs and car navigation systems can access to the Internet. These devices are required to exchange the location-related information such as position data on the map. The "POIX" proposed here defines a general-purpose specification language for describing location information, which is an application of XML (Extensible Markup Language). POIX is a common baseline for exchanging location data via e-mail and embedding location data in HTML and XML documents. This specification can be used by mobile device developers, location-related service providers, and server software developers.

Background and description: "At present, methods of representing locations differ according to the country, region, and organization, because different geodetic or angle units are used. POIX is intended in its language specification to provide capability of defining geodetic or coordinate system specifications with flexibility. In actual use, however, it is necessary to standardize on these specifications and terminology among users. This document first covers the Language Specification, followed by the Operational Specification. For geodetic and angle units, international standardization is under way; once they are decided and come into widespread use, multiple location notations defined in the operational specification will be standardized, so that POIX will assume a single location notation. POIX has been created for the purpose of exchanging location-related information over the Internet. At present, many services utilizing location-related information are available; and the use of POIX enables exchanging of location-related information among those services. In addition to realizing the exchange of location-related information among the different services, it has been designed to implement sufficient functions for a terminal connected directly to the Internet to make reference to the POIX-described information... POIX was created by the POI Working Group among the MOSTEC and examined by all the members of the MOSTEC. Experts and specialists in the field of mobile technology as a whole, including car navigation systems, digital maps, and personal digital assistants (PDAs), participated as the members in the examination and functional verification."

From the W3C staff comment: "An interesting aspect of the proposal is that it is capable to describe not only specific location information, such as latitude and longitude, but also various supplemental information about the target location such as route to the target location and contact information for the target location. Such supplemental information might be useful for some applications, such as car navigation systems, but there will be other applications, which only need specific location information. In this respect, it might be useful to modularize the POIX language so that applications can use appropriate modules they need. Such modularisation will make it easier to combine with other languages, e.g., modularised XHTML. Another interesting point is that this proposal allows specifying format information like geodetic datum and angle unit. As methods of representing locations differ according to the country, region and organization, it will be a pragmatic way until they are standardized. The proposal includes the 'operational' specification in addition to the 'language' specification. While it is necessary to define operational details, it would be better to separate the two specifications, as operational specification will differ by users. As for standardization of representing geographical and point of interest information, relevant works being done by the Dublin Core and the IETF should also be studied. Handling location information in mobile devices is among agenda items of the W3C Mobile Access Activity. Embedding location information into HTML/XML documents will be interesting for the HTML Activity, particularly for the mobile-related work on XHTML..."

(see http://xml.coverpages.org/poix.html))

2.2.7.2 Spatial Information Science

Spatial Information Science is defined as follows (See http://www.csis.u-tokyo.ac.jp/english_2002/introduction.html). In the real world, we find may kinds of phenomena and social problems that are closely related to spatial factors. When we attempt to analyse these phenomena or solve these problems, we need a common method and spatial information science is such a method. The goal of spatial information science is to develop a general systematic way to construct, manage, analyse, integrate and communicate spatial data (e.g. natural, social, economic and cultural data associated with location data), and to study its application to natural, human and social sciences and engineering.

· Geotags for geographic registration and resource discovery of Hypertext markup Language (HTML) documents

· National marine Electronics Association’s (NMEA) interface and data protocol NMEA-0183 often used by GPS receivers

· The electronic business card format VCard and ICalender for exchanging electronic calendaring and scheduling information in the Internet include elements to specify position

· A Means for Expressing location Information in the Domain Name System (DNS-LOC)

· Simple text Format for the Spatial Location Protocol (SLoP) proposing a simple text-based format to carry minimal location data set

· GMML, XML-based geographical information for navigation with a mobile 

· LanXML, an XML-based data format for exchange of data created during land planning, civil engineering and land survey processes 

Geospatial-eXtensible markup Language (G-XML) for encoding and exchanging geospatial data specified by the G-XML committee in Japan, see http://gisclh01.dpc.or.jp/gxml/contents-e/history.htm
In addition to these, there are several other non-public specifications of location information expressions, including form WAP Forum Location Drafting Committee, Bluetooth Special Interest Group, ISO/TC211, etc.

3 Languages to define and describe Semantics 

3.1 General introduction

The current Web supports mainly human browsing and searching of textual content. This model has become less and less adequate as the mass of available information increases. What is required instead is a model that supports integrated and uniform access to information sources and services as well as intelligent applications for information processing on the Web. Such a model will require standard mechanisms for interchanging data and handling different data semantics.

The Resource Description Framework is a step in this direction. RDF provides a data model that supports fast integration of data sources by bridging semantic differences. It is often used (and was initially designed) for representing metadata about other Web resources such as XML files. However, representing metadata1 about the Web is not different from representing data generally. Thus, RDF can be used as a general framework for data exchange on the Web.

The Resource Description Framework Model and Syntax Specification,2 which became a World Wide Web Consortium (W3C) Recommendation in February 1999, defines the RDF data model and an XML-based serialization syntax. By separating the data model from the syntax needed to transport RDF data in a network, the specification allows an RDF-aware system to access a new non-RDF data source. To do this, an RDF adapter first assigns unique resource identifiers (URIs) to resources in the non-RDF data source (when URIs are not already available) and then generates statements describing resource properties. The RDF data model's use of URIs to unambiguously denote objects, and of properties to describe relationships between objects, distinguish it fundamentally from XML's tree-based data model. This simple but effective mechanism supports a general approach to representing and integrating information, as it provides the least common denominator for all information models.

RDF is a language for describing things. Now, you can describe things in XML anyway, so why do you need more? The answer is that XML is too flexible, and you need conventions. As an example, there are many ways to indicate the color of something in XML. Try to describe a "red car":

<car color="red" />

<car><color>red</color></car>

<car color="#cc" /><color id="cc" shade="red" />

There are lots of other ways you could write that fact down. What RDF does is to invent a standard way of interpreting XML-encoded descriptions of things, or "resources", which turns out to be very useful.

It is built on the following rules.

A Resource is anything that can have a URI; this includes all the Web's pages, as well as individual elements of an XML document. An example of a resource is a draft of the document you are now reading and its URL is http://www.textuality.com/RDF/Why.html 

A Property is a Resource that has a name and can be used as a property, for example Author or Title. In many cases, all we really care about is the name; but a Property needs to be a resource so that it can have its own properties. 

A Statement consists of the combination of a Resource, a Property, and a value. These parts are known as the 'subject', 'predicate' and 'object' of a Statement. An example Statement is "The Author of http://www.textuality.com/RDF/Why.html is Tim Bray." The value can just be a string, for example "Tim Bray" in the previous example, or it can be another resource, for example "The Home-Page of http://www.textuality.com/RDF/Why.html is http://www.textuality.com."

Defining RDF statements is the key issue when using RDF for semantics. By describing relations between objects as RDF statements , the result is always meaningful and unique, because the essential parts in any statement have unique URI’s.

The RDF Schema Specification, which became a W3C candidate recommendation in March 2000, is an RDF application that introduces an object-oriented, extensible type system to RDF. RDF Schema provides means to define property domains and ranges, and class and subclass hierarchies. In RDF Schema a property is not "local" to a class, as an attribute usually is in object-oriented languages. Instead, properties are global and described in terms of the classes they connect.

Many tools are available to define statements and relations and to write this down using XML. When information is ordered according to the RDF model, i.e. relations between pieces of information are defined, this information can be queried in a fast and meaningful way.

3.2 SGML/XML8
SGML and XML are metalanguage facilities for defining markup languages. Markup languages defined by SGML and XML declare formal features for syntax, but have no mechanisms for formally expressing semantics. SGML parsers and XML processors do not know what is meant by the natural language labels (element type names, attribute names), nor what may be implied by the instance hierarchy; they cannot therefore validate semantic notions relevant to document instances. In SGML and XML, semantics can be expressed only informally (e.g., in comments). Other languages may be used to express and validate semantic integrity constraints. 

The SGML/XML Aversion to Semantics: Datatypes and "Semantics" in SGML/XML: Historical and Philosophical Background

In order to fully appreciate the significance of the new XML Schema work with its focus upon datatypes and other semantic constraints, one must understand the historical posture of SGML toward "datatypes" and, more generally, toward "semantics." For better or worse -- opinions differ -- SGML as a metalanguage had a strong aversion to semantics, and this feature has been carried over into the design of XML. We offer here three illustrative examples of SGML's disposition: the first is being addressed -- some would say redressed -- quite visibly in the current W3C draft specifications, while the latter two may be addressed less completely in the final W3C Recommendation.

What is a "relationship" in SGML/XML?

The reference mechanism in SGML/XML may be considered a special case -- though an especially critical case -- in the much larger issue of semantic relations. It has sometimes been claimed that the goal of SGML was to enable the modelling of the "logical structure" of a document or database. But what is meant by logical structure? In reference to a simple document -- composed of chapters, sections, paragraphs, and characters -- the "logical structure" may sensibly be understood as a hierarchical structure in which one thing "contains" smaller things, recursively. Sort of... But what is the "logical structure" of an abstracted financial transaction, a trading protocol, a QA process, a workflow or timing diagram, a complex polymer, a highly "intelligent" graphic, a complex mathematical equation, a colony of penguins, a weather or astronomical observation?

Most of real-world events and processes being modelled in XML today do not admit of a single or even obvious "logical structure" in the sense of having a natural beginning and end, or components "containing" smaller components. The models need to express principally semantic relationships between information objects, including rich webs of relational inter-dependencies.

Here, precisely, is one of the inherent limitations of SGML/XML: having no formal mechanism to specify and constrain semantic relationships so as to permit declaring a thing's meaning. The principal constructs available in SGML/XML for expressing relationships are "containment" (hierarchy, A contains B), "adjacency" (A followed by B), "co-occurrence" (if A then [also/not] B), "attribute" (string descriptor), and "semantically opaque reference (ID-IDREF)". Furthermore, there is no way to indicate formally what containment and adjacency actually mean (or do not mean) in terms of element/object relationships. One might see the markup <book><chapter></chapter></book> and think that a real world book object must "contain" a thing called chapter, but this inference cannot be licensed in any way from the SGML and XML standards. The strings 'book' and 'chapter' are totally meaningless to the parser/processor, and the markup nesting "means" nothing; it may be in fact that a 'chapter' "contains" a 'book' in the real world, or that a 'chapter' becomes a neutron star when coming within 2 light years' distance of a 'book'. Neither the labels nor the structural relationships "mean" anything.

But it's worse than that. Objects in the XML problem space are not related fundamentally by notions of containment and adjacency anyway. These constructs are indeed useful for serialization, but they are not optimal for modelling object relationships in a problem domain in the way users typically conceive of the core abstractions. All primitive relational semantics important to the schema designer must be shoehorned into these crude syntactic structures, but the XML DTD processor will not be able to recognize the significance since no additional "meaning" can be attached to them. The notion of "attribute" might have been more useful except that SGML/XML supports only a flat data model for the value of an attribute in a name-value pair (essentially 'string'). This flat model cannot easily capture complex attribute notions such as would be predicated from abstracted real world objects, where attribute values are themselves typically represented by complex objects, either owned or referenced. [OO Model]

The new XML schema work provides a framework within which, at least philosophically, the concern for semantic relations can be addressed. Unambiguous meaning is the foundation of any agreement or contract. Humans collaborating on the design of large-scale transaction-based computing systems need to be able to unambiguously express and thus agree upon what they "mean" in the sphere semantic relations between objects in their models. Objects in the problem space have behaviours, and these behaviours too must often be modelled. Machines, in order to truly support interoperable agent-based computing solutions, need to "understand" the logic implied by shared ontologies that use robust, standardized definitions of relational and behavioural object semantics. To meet these requirements, it will not be sufficient simply to design XML-based languages -- using XML DTDs -- to express relational and behavioural object modelling formalisms. It is desirable rather to provide core facilities within an XML schema definition language to express primitive semantic relations such that generalized XML schema processors can validate business logic expressed in XML schemas. The current goal of making "semantics" a core concern of XML schemas lays the predicate for these new generalized metalanguage facilities.

3.3 Semantics in practice: 

3.3.1 The Semantic Web

The Semantic Web is a vision: the idea of having data on the web defined and linked in a way, that it can be used by machines - not just for display purposes, but for using it in various applications. See http://www.semanticweb.org/introduction.html
Examples are: E-commerce requires much richer data. Retailers require this data to flow from wholesalers and wholesalers requires data to flow from producers. Data-exchange of this kind is currently very limited, consisting of tab-delimited dumps or product-specific tables. Specific XML formats for each exchange task improves the situation, but ones misses the network effect of being able to share 90% of the processing software, because the XML data model is too low-level.

But this is only the most basic application: the Semantic Web will change the way we work. E.g. creating software will be just a matter of finding the right components on the Web and a specification document linking to these components. The new software is again just a resource available on the Web. 

Indeed, we have the technology available for realizing the Semantic Web, we know how to built terminologies and how to use metadata.

The whole vision depends on agreeing on common standards - something that is used and extended everywhere. Currently worldwide which will help to create the Semantic Web.

Work is going on to realize tools and techniques, which will help to create the Semantic Web.

3.3.2 Multimedia

The added value of multimedia arises through the use of its semantic content—that is, the meaning it depicts. Modelling multimedia's semantic content enables the user and the application to engage in interaction over content. Multimedia content and e-content management systems that feature semantic content models have the ability to make just-in-time intelligent decisions based on the man–machine interaction regarding retrieval and personalization of multimedia content and hence navigation, information infrastructure, and user interfaces. Their development shows novel architectures, content modelling techniques, and functionality, and their use paves the way for novel forms of user-to-user cooperation, communication, and interfaces. With such systems, multimedia content and e-content to be interacted with aren't a static commodity but evolve dynamically together with the user. To customize as fully as possible the interaction, the tools for navigating through the evolved content and the user interface have to be adapted according to the content and the evolved user needs and preferences. Hence, a personal information infrastructure evolves dynamically as one's personal Internet where all content, navigation, information infrastructure, and interfaces are appropriate for the current user needs and preferences.

http://xml.coverpages.org/sgmlEschewsSemantics.html
4 The application

4.1 General introduction

It is expected that more people will use wireless devices to support their daily tasks and that these devices will make use of different network infrastructures. Such infrastructures are based on both fixed and wireless technologies. Such technologies are increasingly available, especially office environments, university campuses etc. This has the result that users can use the same application in different environments (inside and outside), different networks (home or foreign) and different locations (car, office, home, meeting room). This means that applications, running on mobile devices, have to deal with changing context of the user. One aspect of this context is location. 

The concept of location has resulted in a new application field: Location Based Services. Such services use the location of the user for different purposes. The main purposes are:

5. Tracking (Physical position. Where is the user?)

6. Guiding (Where does the user want to go?)

7. Trigger events (What can we offer the user now?)

8. Information routing (Network/virtual position. Where do we send information for this user?)

Using location information in a generic way has to deal with the fact that location information is obtained and used in many different ways: 

· Applications

· Terminals

· Technologies

· Positioning methods

· Representation

In this section the need for a generic way of location handling will be explained. First, different applications will be described that make use of location in different ways, using different technologies to determine location and different ways of determining the actual position of a mobile client. 

The increasing number of applications, positioning algorithms and position technologies make it necessary to develop a generic framework to deal with this heterogeneous world of location handling. Part of this framework is a generic interface that can be implemented on the client devices and can deal with different technologies. Also a generic presentation format is required. Finally a generic way of adding semantics is required. A generic interface for the client will be described and has been implemented. Some ideas and solutions will be presented to deal with the heterogeneity of location-aware applications. In the next chapter semantic issues related to location handling will be described.

4.2 Presence Location Instant Messaging (PLIM) 

The PLIM framework consists of an infrastructure for handling presence and location context information and, loosely coupled with that, an infrastructure for determining indoor position information. Through the historical connection between presence and instant messaging, IM functionality is also part of the framework. Mobile instant messaging using both presence and location context information is considered to be the most basic application using the PLIM framework. This application is called the PLIM application. The PLIM framework primarily is focused at supporting research and prototype mobile applications in the area of context-aware and pervasive computing.

The handling of the location information in the framework does not depend on the granularity of location determination mechanism. The framework can handle any kind of location information from any source, although here the focus is on indoor location with a room-level granularity. The indoor position can be retrieved from an infrastructure of stationary Bluetooth devices of radio power class 3 that know their own location. A stationary device has location provider characteristics. The general principle is that if a Bluetooth-enabled mobile device is close to such a stationary device, it can “ask” the location provider’s position by setting up a Bluetooth connection. If the mobile device knows the position of the stationary device, it also knows that its own position is within a 10-meter range of this location provider. The PLIM PDA client library supports the application in automatically retrieving location information from nearby location providers, and in interacting with the PLIM server. Naturally, this principle can be applied to other wireless technologies such as IEEE 802.11 WLAN.

The location information stored in the stationary Bluetooth access points indicates its logical position in a building. Typically, the position is expressed as a room number. Contrary to position expressed as, for instance, a Cartesian coordinate, the room number is meaningful to the user. By using room number in the Bluetooth access points, the PLIM framework does not need to translate from the initial coordinate system to a coordinate system that is meaningful to the user. The server does not handle position information at the semantic level. The framework assumes an access point available in all the rooms where location is relevant.
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Figure 5: PLIM principle. The user terminal determines its own position based on signal strengths of Bluetooth access points placed in different rooms.
4.3 VTT WLAN position technology

The indoor positioning technologies are one of the emerging topics in the field of location awareness and environment sensitive services. So far the methods and algorithms used for providing the required location information have been inaccurate and slow for adapting the services according the spatial location. However there have been several efforts lately that have reached an adequate level in indoor positioning technologies that gives a basis for the new kind of services and applications. At VTT Electronics  the indoor positioning based on WLAN technology has been as a research topic for 2 years now and it has been proved to be suitable for quite a large number of location based services and applications, e.g. adapting service interface of control device within a home environment or helping maintenance personnel to find the target requiring service.

The background for choosing the current technology lies on the simplicity and availability of hardware and communication technology. For those purposes the IEEE 802.11b WLAN standard fits very well. The equipment, i.e. access points and WLAN client adapters, is publicly available in stores so the putting up location-based services requires no special hardware. All the essential intelligence of the positioning system lies on the software that will take care of the positioning calculations and providing the result for the use of applications built on the top the location platform.

The basic structure of the WLAN positioning system is typical client-server architecture. It consists of the client application on the PDA (e.g. Compaq iPaq) that is handling all the measurement of signal strength values needed for the calculation of client’s position. The client application executed on user terminal sends them to the server application located in the same network as the client itself, which processes the measurements and returns the result back to the client. There are several methods to provide and present the result to a user, e.g. the GigaMobile project use PLIM server architecture [reference] but a simple CGI web service could fit to some purposes too.

The location method based on WLAN technology is most applicable to implement by using technology basing on measuring the signal strength values and using them for determining the device position. The accuracy of the location solution depends on the number of the signal transmitters, i.e. the access points available in the area. Current implementation of the positioning software developed for the purpose uses at least three WLAN access points for the determination process. In this process the calculation of location can be realised using two different methods: by means of the radio signal propagation model we can calculate distances to each access point and consequently, get a group of circular equations, whose intersection is the estimated solution. In the other solution model, we can make signal strength measurements beforehand and store those measurements with information of coordinates of target. Thereupon, we create a signal map and the location can be established by comparing new measurements to the signal map. As the basic solution, the developed location method uses a signal map to which some restrictive properties have been added from the propagation model method. A Kalman-filter is added to the positioning system to estimate target coordinates and velocity and also to filter noisy signal strength measurements.

With tests to a moving target in an office environment, an average of 1.5 meters positioning accuracy can be reached. The accuracy is not sufficient to function as the only navigation method for an autonomic robot, but is nevertheless usable for location dependent services indoors of buildings like offices or industrial constructions. In general for positioning of a mobile station user the accuracy is good. The principle of the created positioning system is also suitable also for other communication networks like Bluetooth where the measurement of signal strength values could take place.

In Figure 6 there is an overview of the basic configuration of WLAN positioning architecture. It consists of three WLAN access points, location server and location client. Location server could be located anywhere in the network but it is recommendable to place it to the same sub-network as the positioning system is going to be used. The WLAN network is not only the basis of the positioning system but also providing the IP connectivity to network. This gives an opportunity to create the location aware service using the network connection and protocols built on the top of that, e.g. services basing on the HTTP protocol. The location client (e.g. Compaq iPaq or other mobile terminal) is using one of the access points to communicate with location server. The client terminal chooses the access point having the strongest signal acquired. This determination system is implemented into the WLAN driver.
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Figure 6: The basic WLAN positioning system

4.4 Location Visualisation Yellow Pages (LVYP)

A Yellow Pages service has been build that shows how a service can offer location information and presence information to users. The application is a yellow page system that can be used to obtain the whereabouts of employees. The application can answer two questions:

9. Can I contact person X at this moment, and where? 

10. Who is in room Y? 

The application is displaying three frames. The left frame shows a subset of employees of the Telematica Instituut (GigaMobile project members). This yellow page list is defined in xml and located on the server, i.e., there is no actual coupling with the corporate yellow page service of the Telematica Instituut.

The right top frame shows the map of a floor of our Telematica Instituut building. For the purpose of this demo, all the employees are conveniently re-allocated to this floor. 

The bottom frame is used to display detailed information about a person or a room.

When clicking on one person displayed in the left frame, information about this person is presented and include: phone number, email, room number and his availability (Available, away, do not disturb), activity (in a meeting) and current location (meeting room, out of office).

When clicking on a room, the current people present in that room are displayed. Figure 7 shows a screen shot of this application.
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Presence

The presence and location of a person are maintained through a modified Jabber server. Jabber is an open-source instance messaging framework. Each Jabber client can inform his buddies about his presence, including the location. In a separate project of GigaMobile a PLIM demo has been developed that uses Bluetooth devices to provide location information. Providing real location is outside the scope of this demonstrator, but when possible the results of the PLIM demo will used. Otherwise there is the built-in simulator.

The yellow page service itself is also a Jabber user. All employees are subscribed to the yellow page service (and vice versa). The yellow page service thus knows about all other users. 

Simulator

The simulator simulates activities for all employees. It does so by randomly selecting activities for each person, like at work, to the library, business trip, in a meeting etc. People even go on holiday now and then for an extended period of time. To simulate meetings, a single meeting room is defined where simply all people go when in a meeting. People visit each other, are never alone in a meeting and cannot visit a room when the regular occupants are away.

Implementation

The demonstrator is a web application written in Java (1.3.x) using the servlet container of Tomcat 4 and the servlet framework Struts 1.1 beta. The Jabber server is modified to support location (PLIM demo) and this web application is using a Jabber client written in Java for yellow page client and for simulating all employees. For presentation IE 5.x or better is requried, in combination with the SVGViewer 3.0 from Adobe.

This demonstrator shows how presence and location information can be applied and visualised in a Business to Employee setting.

4.5 Definition of a generic location handling interface

Currently there are several different positioning technologies available that are not compatible with each other, i.e. they do not support the same coordinate system or the presentation method of location information differs from the others. However in many future scenarios some of these technologies or like in some cases, all of them, are embedded or attached to the same physical device, e.g. a PDA or laptop. This makes it a challenge to develop an application or a service that is able to use all of the positioning technologies to acquire accurate location information in every situation and as accurate as possible. In GigaMobile project [reference] one of the goals is to develop a generic approach to tackle that challenge: how to design a positioning system that is able to cope with different positioning hardware and provide the same service for all those technologies? 

The GigaMobile approach limited the scope into two selected positioning systems based on WLAN and Bluetooth technologies to make it easier to implement quick trials for approval of the concept. In this architecture the positioning hardware itself is wrapped and hidden from the applications and application developers. Instead the system provides them a more generic interface to communicate with positioning technologies to help the design process of the applications and services using positioning information for their purposes, e.g. tracking or adapting them to user needs. A well-defined interface layer between hardware and applications gives freedom for the application engineers to develop location aware services that are able to use different technologies without handling them separately.

At Telematica we have the Presence, Location and Instant Messaging framework. It uses a Bluetooth network infrastructure to determine the indoor position of a mobile device and to deliver IP connectivity. The location is represented as a string, returned by a Bluetooth base station. The Instant Messaging system is based on Jabber. On the location server location is represented as a string and presented to users of the IM application.

At VTT a positioning system based on W-LAN has been developed. Signal strengths of 3 basestations are measured, assigned to a coordinates in a map, and stored in a database beforehand. The position of the mobile client can then be determined by measuring signal strengths from access points and comparing the data to the database. This position can then be visualized on a map. 

4.6 Requirements of the generic interface

Purpose of this work is to develop a generic interface for PLIM with the following characteristics on the client side:

· A device can determine its position using Bluetooth or W-LAN.

· Application does not have to deal with signal strength values etc. 

· Application does not access device drivers directly.

The location information in our framework should have the following characteristics:

· Location is represented in a generic way.

· Location has semantics, i.e. is understandable to users and has meaning to the application.

· Location is stored on Jabber location server and can be shown to user of IM application

The goal of the interface is to show that the same application can be used, based on different underlying technologies and properties (accuracy, amount of description). It is not the purpose to show that one technology is better than the other, more accurate, or more real-time. More important is the fact that more technologies will exist next to each other, but not at the same time, under the same circumstances and for the same user or device. For example, an application will use W-LAN, not because it gives more accurate results (this is not relevant for every application), but just because the user is in a W-LAN environment now, or because he has a W-LAN interface on his device. 

4.7 Usage scenario integrated application

To demonstrate the use of context to adapt location information, a setting is needed in which users are present in different context, more specifically at different locations. To show this scenario in one real room, this room has to virtually represent different locations. This can be done by assigning different locations to coordinates in that room. The following scenarios will be used:

Table 1: Scenarios based on users at different locations

	User 1
	User 2
	Aspects

	Telematica Instituut
	Telematica Instituut
	Same building

	“
	Campus Utwente
	Outside, no BT

	“
	TU Delft
	Other city, other organization

	“
	VTT 
	Other country


A scenario will be used in which two users use the same application, but each with different positioning technologies: one uses BT, the other W-LAN.

Example of using semantics to present location to user:

· Users in Delft see “Enschede” as location of Telematica employees.

· Users at Telematica see “Room 211” as location of Telematica employees

· Users at VTT Finland see “Enschede, Netherlands” as location of Telematica employees.

This examples shows hierarchy of location.

Hierarchy may also be based on URL of jabber server, for example jabber.telin.nl and jabber.vtt.fi. 

But: one server may support users in different buildings, or even whole institute

4.8 Implementation of PLIM using both Bluetooth and WLAN positioning

4.8.1 Positioning architecture

In Figure 8 there is a formal representation of defined GigaMobile positioning system structure. In this model a standardized form, e.g. XML based location presentation language can be used for creating the final location information presentation in the application layer. The location adaptation layer (or location handler interface as defined in GigaMobile project) handles all the positioning technologies underneath hiding the technology specific software from upper layers (see Figure 8). In practise the location handler interface is a programming interface to the lower level functions that can be called from applications. The presentation form used in carrying the location information from client to server and further to the subscribers bases on a subset of the Mobile Location Protocol (MLP 3.0.0) (defined by Mobile Location Forum (LIF, 2002)). The reason for choosing the standardized MLP definitions is simple and easily interpretable rules that can be used for parsing the location information. 
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Figure 8: Positioning architecture layers

The location handler interface itself (see Figure 8) is implemented on the client side where the positioning hardware physically resides. Depending on the hardware the client software picks the right positioning method and executes the initialisation process accordingly. The technology specific location handler launches a location update process to acquire the latest position of the device and deliver it to the PLIM server.

In the case of WLAN positioning the update process is measuring the signal strength values from the base stations and delivering them to the location server for calculations of the location. The location server presented in Figure 1﷓2 could act also as a source multiple intelligent services, e.g. tracking or distance calculation unit but the only function currently implemented in GigaMobile project is a basic location calculation service. The location updates in Bluetooth positioning case are simpler for system acquiring the location directly from the BT access points.

4.8.2 The integrated PLIM framework

In the GigaMobile project the described positioning model was integrated with the earlier architecture that was using only the Bluetooth positioning method for location dependent services and also the WLAN positioning was added as a source of location information at the same time. 

In both positioning technology cases (more generically in all positioning technology cases) the location information is stored in a PLIM (Presence and Location Instant Messaging) server. The PLIM server is a slightly modified version from the original Instant Messaging (IM) server where just the presence information was only user information for client subscriptions. In the current modified PLIM architecture the location information is updated and subscribed as the presence information in basic IM platform. The PLIM server (modified Jabber server) stores the location (XML based) presentations to its database and provides them to clients. All the PLIM clients log into one of the PLIM servers and provide their location information (if capable) to the server store in form of MLP presentation. Then other clients are able to access this information if their permissions are set to allow browsing of location information. The PLIM server is administrating these user restrictions. The complete concept of PLIM system is presented in Figure 9.
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Figure 9: PLIM framework including MLP format and generic Location Handler Interface

4.8.3 The generic location presentation format based on MLP

The Mobile Location Protocol, an XML based presentation language, was chosen to present the location information. The MLP v3.0.0 is divided into several definition groups, each with many parameters. When running a location aware Instant Messaging framework as, PLIM, location information messages are generated and communicated relatively often. Using a too extensive location format would load the message parsing structure of the platform too much. In order to limit the size of messaging going through the PLIM architecture when running a location-aware application, only the essential groups and parameters of the MLP format have been chosen for implementation. parameters were selected from the Identity Elements (msid = Mobile Station Identifier, Location Elements (Timestamp, coordinate system etc.), Shape Elements (point shape and X, Y, Z coordinates) and Quality of Position Elements (accuracy etc.). 

The essential information in all MLP presentations is following: 

· Location information (e.g. X/Y coordinates or room number)

· Age of location information (timestamp for validity of information)

One demonstration where the location information is used is a web based client-tracking application that shows the client’s position within the area. This web client is also a client of the PLIM system and is subscribing to the location information of the other clients of the service. The web client acquires the X/Y coordinate pair in case of WLAN positioning and the room number in the Bluetooth case. In both cases the client parses the information from an MLP presentation (an MLP example below) and an avatar representing the user is drawn accordingly over the floor plan of the building. The MLP Standard Location Immediate Report (slirep) in WLAN case would be following:

<slirep ver="3.0.0">


<pos>


<pd>



<time utc_off="+0300">




20020813010423



</time>



<shape>



<Point>




<coord>




<X>7.30</X>




<Y>4.53</Y>




</coord>



</Point>



</shape>


</pd>


</pos>

</slirep>
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Figure 10:  A web based PLIM client showing a floor map and a moving client

In Figure 10 the presentation above is parsed and drawn on the floor plan. In generic positioning case these elements are not sufficient to describe the location so to cope with larger variety of positioning technologies and service needs the basic MLP definition was extended with following elements (examples included):


<gigamobile_ext>



<gigamobile_sem_info>Conference room T-200</gigamobile_sem_info>



<gigamobile_country>Netherlands</gigamobile_country>



<gigamobile_city>Enschede</gigamobile_city>



<gigamobile_district>University campus</gigamobile_district>



<gigamobile_building>TelematicaInstituut</gigamobile_building>



<gigamobile_room>T200</gigamobile_room>


</gigamobile_ext>

Note that this XML description does is not based on any relations between the fields, e.g. between a country and a city. To do this, an underlying RDF definition must be defined. 

4.9 Conclusions

From the architecture it can be seen that location information flows from one entity to the other and is extended with more information based on requests. Different entities can be distinguished:

· Positioning units: Giving physical information, e.g. signal strength.

· Transition engines: Services that can process location information and enrich it. Examples are:

· Calculating xy coordinates from signal strength

· Determining room from coordinates

· Determining coordinates from room

· Comparing distance between two location

· Applications that request and use location information

· Jabber server

· Map client

For a generic location handling framework these entities have to be defined. Enablers of such a framework are the generic and extensible location format (based on MLP) and a generic way of processing and performing operations on location information. Such operations add information to a location information object enriching it and bringing it to a higher more meaningful level (from physical to meta-level), map locations from one space to the other or perform calculation operations on locations.

5 Meaningful location determination

5.1 Introduction to semantics

Location information is an important service customisation parameter for mobile web-services. The most common forms of representing location information are physical and geographical. In particular, absolute physical location is the form of choice for most positioning devices such as GPS receivers. However, it is not easy for humans to express and comprehend1 a <latitude, longitude> pair. Even with an accurate absolute physical location of a passenger travelling on a public transport bus, a service may not be able to conclusively determine the bus's route number. As a result, the service cannot offer richer services like estimating the time-of-arrival at the passenger's destination (Cooltown, 2002). 

On the Cooltown website another example is given as follows. The city of Palo Alto will be recognized by those interested in technology as an important city in the San Francisco bay area. However, a person who has never heard of that city won't know where it is. City and other common location descriptions such as zip codes and postal addresses convey physical location as well as certain implicit semantics. Such geographical location representations are useful for services requiring explicit user input, as they are easier for people to remember and communicate. However, this representation format can be ambiguous, difficult to sense with devices and too coarse for many applications. Geographic location representation carries more semantic information than physical but there is still not enough information in either representation to determine the nature or purpose of a place. 

It is also important for all systems providing location-awareness to ensure that the underlying location model is really suitable for the aimed functions. For example, it may be difficult for a child who just wanted to know where his house is to be given its destination position as 47o 24’ N, 8o 18’ E. And it may be difficult for the system to calculate the remaining distance between “the car” and “the petrol station” if it is operating with them just as symbolic names.

In this session,  attempts to define location models and how to add semantics will be described. Most location models lack one thing however: semantic information. this information is part of descriptive location and makes location human understandable. It should also define relations between locations, for example that a city is part of a country and a room can contain a person. This section will describe a few existing solutions and our own first attempt to solve this problem.

5.2 Location models

There are many formats to describe and represent location (Beigl et al., 2001). The three main ways of representing information are:

· Absolute

· Relative

· Descriptive

Different location models have been defined to define a way to represent locations. A complete description of a location should contain elements that make it possible to 

· Distinguish locations uniquely (unique location ID), URI

· Do computations on it (compare, distance, adaptation etc.)

· Presentation to user (human readable and understandable)

· Give information related to the determination method used:

· Accuracy (resolution)

· Reliability 

· Latency (Timestamp)

· Put this location into one or more reference frames. Make it possible to convert from one frame to the other. For example convert from coordinate to room. 

· Make links to which subset the terms belong. T200 at Telematica Instituut. T200 is a type of room, i.e. a meeting room. Telematica Instituut is a research institute, i.e. a working place.

Domnitcheva (2001) gives an excellent overview of the different location models existing at the moment. Among the basic location models described, many of their extensions and also new paradigms are being developed due to a new application field opened by the spread of small, mobile, ubiquitous devices. The present location models contain representations of space and located objects as well as suggestions for modelling relations between the model entities. The modelling of vague space shapes and relationships have to be detailed. That means a great field of research activity. Among the basics there is a wide variety of open questions concerning further development of suitable representation models as well as their integration into the location-aware systems.

Gessler and Jesse (2001) describe why the present location models fail when developing Location Based Services (LBS). According to their paper, the provisioning of Location Based Services follow the simple chain of (1) determination of a position, (2) mapping this information onto a natural-language based description of this position and (3) performing the service itself. The mapping process in (2) is based on an underlying position interpretation model. This model is usually named location model, although it only describes simple geographic positions.

The drawbacks of such location models are:

· dedication to a specific service

· restrictions on interpretation of geographic positions

· descriptions of only discrete, point-shaped locations

· dependence on the type of position-finding mechanism

They define different categories of information related information that should be added to a location model in order to make it useful and more universal. These categories are (Gessler and Jesse, 2001):

Extension of Validity

A theatre program service may not only provide musicals played in the Times Square area but also present the off-Broadway theatres as well playing nearby. The relationship 'NEARBY' would here be estimated as an area of 5 blocks (500 meters) around the Times Square. In contrast, late in the evening, when people leave the theatres a bus stop service should not present every bus stop within a range of 500 meters around the Times Square; here a maximum of 1 block/100m would be more appropriate. This simple example reveals that although the location is the same and the same LBS relation 'nearby' is used, the services need different interpretations of the location in terms of an extension of the discrete point-shaped description.

Shape of Validity Domain

Many location models assume point-shaped or 'circle-shaped' location areas. As several LBS demand for a location domain of validity that is different from a circle, we must add the shape of validity domain to our location model as well. One example for the usage of the shape information is that of a traffic jam service: Drivers driving on highway No 1 do not want to get information about traffic jams in the adjacent towns. The shape of this validity domain would have approximately the shape of the highway here.

Orientation

The traffic jam service example shows us the third type of location data to be added to the model: the orientation. No driver is interested on jams behind him, but of course on jams for at least 100 miles ahead. The location domain of validity of an oncoming driver would have the same geographic position, the same expressive position, the same extension and the same shape, but will obtain a different list of jams due to the different orientation of validity.

Dynamic behaviour

This covers the influence of changing environments. Here we can distinguish:

General Time Dependencies

This class comprises information regarding, e.g., opening hours of tourist attractions (which then have to be matched with the day-time of service access, see context information).

Rate of Location Change

Having this information available enables the platform to provide expectations on how the conditions could change within a certain range of time. An example is an expected decrease of a traffic jam after the rush hour, so that it is foreseeable that a jam may disappear once a driver reaches the location.

Context related information

Here we distinguish between object context, user context and general context:

Object context: describes context of objects inside the location domain of validity. (Examples are types of building, off-limit areas etc.)

User context: describes the users characteristics (like being handicapped), the users profiles (like having activated the tourist profile), and general preferences (e.g. the maximum cost of services, the preferred food etc.)

General context: LBS often have to consider information like the time of day, the weather and others in order to perform their service.

5.3 Flow of location related information

Because location information is related to different technologies, different positioning methods and different applications, location is determined, mapped and represented in different ways.

Location-aware and location based services rely on applications that are provided with location related information. The nature of this information varies from physical parameters (signal strengths) to application parameters, e.g. the purpose of the information for this specific application. A layered model is proposed that illustrates how this information is collected, processed, and what type of information is added, creating a final set of information that can be useful for the application. Table 2 shows the different layers that can be distinguished and shows examples of the type of information that is added in each layer. 

Table 2: The flow of location related information in an application framework

	Layer type
	Layer name
	Type of information
	Examples

	Application
	Application
	Objective
	Communication

Information exchange

	meta-level
	Relational model

Parallel Distributed Processing
	selection of relevant actors and functionalities, permissions and their relations in the world
	· Business models

· Value chains

· Subscription based services

	semantic level
	AALI

Ambient Aware Location Interpretation
	Meaningful Context related

Hierarchical / referenced location description
	· Organization-building-room hierarchy

· Functionality of room (meeting)

· location dependent granularity



	represen-tation
	Location handler
	Representative
	· Descriptive, Absolute (coordinates), relative location

· Timestamp, accuracy etc.

· Coupling URL to physical location

· Mapping

· Conversion

· Calculations (distance)

	Physical
	Position determination
	Physical data
	· Signal strength

· Triangulation

· Cell ID

· Sensor


Figure 11 gives an overview of the flow of location related information from physical level up to application level.  Each functionality in this picture should be handled by different units in an application framework. These units should communicate information parameters in a generic exchange language. Location is handled as follows. On a physical level, position is determined, e.g. by a terminal and this results in Signal Strength or Cell ID that represent the location. This information is send to a location handler that maps it to one of the possible representation forms of location, e.g. absolute location (xy coordinates), a descriptive location (room H224) or relative location (20 km from your destination). Note that even a descriptive location (room H224) has no semantic meaning. Then this information is passed to an AALI unit (Ambient Aware Location Interpretation) and this unit is responsible for collecting semantic information and enriching the location information with it. This results in a rich semantic description of location, including references to other places in the world. This description, that is understandable to both applications and human users. On the top level, an application requires location to be used for some purpose, e.g. to notify people that they can communicate. This objective triggers actors and functionalities according to the Parallel Distributed Processing, e.g. translation units and location requesting units are activated. The unit responsible for requesting the location will contact the AALI to get a semantic description of the location from units on lower levels.
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Figure 11: The flow of location related information

 [image: image10.wmf]User

Connection

Language

Location

+ 

Exitating

-

Inhibiting

++

-

Objective of the 

application

Set triggers 

and relations

++++

++

++

++


Figure 12: A relational model according to the Parallel Distributed Processing 

Figure 12 shows how a relational model according to the Parallel Distributed Processing (Rumelhart & McLelland, 1986) can be used to set triggers and relations between functionalities in a complex location handling system. The objective of an application, for example the objective of the PLIM application is to setup communication between people, selects the relevant actors or functionalities based on this model. The model also describes relations between actors and functionalities and whether they are related to each other or to other entities in the world. 

This layer model can be illustrated by a scenario with the following characteristics:

Objectives:

1. communication (based on presence parameters)




2. information sharing (based on distance between users)

Location based: 
single or multiple location requests

Users:


Two users are involved, with different locations for the second user. 

Each scenario will trigger and illustrate different aspects of the model:

Table 3: Actors and functionalities in the Relational Model triggered by different scenarios

	User 1


	User 2
	Relational model
	Other aspects

	Telematica Instituut
	Telematica Instituut
	Location, user
	

	“
	UTwente campus
	Location, user, connect
	conversion representation

	“
	Delft University
	Location, user, connect
	conversion representation

adapt granularity

	“
	VTT Finland
	Location, user, connect, language
	conversion representation

adapt granularity

	“
	WWW
	Location, user
	virtual location


5.4 Semantic location Interpretation

5.4.1 Annotating location with URI

One possible way to add semantics to locations is coupling each object in the world to a URI, i.e. a website. The main advantage is that a website is both human- and computer readable. At HP labs (Cooltown, 2002) an orthogonal form of location has been defined and named “Semantic Location“. Semantic location is an orthogonal form of location representation, in which a place is represented by a URI. Besides a URI, links to a place can have other attributes, perhaps even the physical/geographical location of the place. The relationship between semantic locations is best described as "web-like". Semantic locations are unambiguous (URIs are by definition unique), user definable, extendable, and machine as well as human readable. This approach of associating semantic attributes to a link is similar to the approach taken by the Resource Description Framework and the Semantic Web projects at the WWW Consortium. According to Tim Berners-Lee, most information on the Web is designed for human consumption. The Semantic Web approach is to develop languages for expressing information on the web in a machine process able form.

Privacy

It is interesting to note that the approach taken by HP also solves the problem of privacy (Cooltown, 2002). With popular service models, a mobile user's physical location and unique identifier are criterion used to provide personalized service. While at a bus stop, if a commuter equipped with a WAP enabled cellular phone wanted to search for the nearest starbucks, she would have to provide her current physical location (positioned using cellular triangulation or GPS) to a location based search engine. Along with privacy concerns, this also raises safety concerns. Unscrupulous services may sell not only her online-profile but also her physical whereabouts tracked through the day. With the CoolTown approach, the commuter's phone could receive a URL emitted by a bus stop beacon and browse the site. The web service at that URL is aware of the physical location of the bus stop and can assist the user in her quest for the nearest starbucks without asking for her current physical location. The web service cannot conclusively pinpoint her physical location; using the web site does not imply that she is at the bus stop. 

Web reprentations for places

Caswell and Debaty (2002) describe the building of a a general place manager infrastructure useful for creating web representations for physical places. Although they leverage a general web presence architecture for building all different types of web presence and focus on the specific needs for building web representations for places.

The Nexus project

Bauer et al. (2001) conclude that location models are crucial to location-aware applications. In their paper they present two approaches for modelling location information in an infrastructure-based and an ad hoc network based application scenario. From these approaches they deduce requirements for a general location modelling language for ubiquitous computing. 

The development of detailed location models is a costly task and therefore different applications should be able to share the same model information. Having such a common model may increase interoperability between applications and make new classes of applications possible. The basic requirement for such an approach is a common language for describing and querying location information.

Before being able to define such a language, it is important to look at different classes of applications. We consider the network environment, e.g. the availability of a connection to an infrastructure or the ad hoc information exchange between devices, to be an important factor for distinguishing between application classes. 

One type of applications is situated in the domain of context-aware computing, relying on an available infrastructure, and the goal is to provide a common platform for location-aware applications. Here world models are used containing objects of the real world augmented with virtual objects, such as virtual Post-its. This is referred to as the “Augmented World Model“ in the NEXUS project (Nicklas and Mitschang). An important part of such a world model is related to spatial information, modelling the environment. In the ad hoc case we rely on a spatial model as the foundation for other models as they are required by applications. This class of applications is characterized by the centralized model information. Distributed applications are based on the consistent model information. Locally stored data is mainly used for performance reasons or to allow for tolerating network partitions. An example of such an approach is the NEXUS system

The other aims at location management in mobile ad hoc networks (MANETs).

The augmented world model is described using the Augmented World Modelling Language (AWML) and the model can be queried using the Augmented World Querying Language (AWQL). Both languages are defined using XML schemas. 

Objects in AWML have attributes that give their geometry relative to some coordinate system. For this geometry description we use the Geographic Markup Language (GML), an XML-based language that has been specified by the OpenGIS Consortium. The GML geometry schemas support points, lines and polygons as its basic geometric elements, but also geometric collections such as multipoints, multilines and multipolygons.

GML does not define a fixed coordinate system to be used. Instead, a spatial reference system (SRS) has to be given, relative to which the coordinates are defined. In NEXUS we will use several different coordinate systems, e.g. WGS84 coordinates that are used by the GPS system, but also Gauss-Krüger and UTM coordinates, that are commonly used for maps and therefore are often found in geographical information systems. In some cases, it may also be necessary to use a local coordinate system, e.g. when defining locations on an object such as a ship that is moving relative to a global coordinate system.

However, AWML not only models geographic location and the geometry of objects, but also symbolic descriptors of the objects such as room numbers and explicit relationships between objects, such as the part-of relation. This is especially important when linking together different parts of the model that may be supplied from different providers.

The query language AWQL allows the querying of the world model for objects adhering to certain restrictions. These restrictions include spatial relationships to other objects, such as inside, overlaps, includes, excludes and closest. With boolean expressions, restrictions can be combined. In addition, the language supports generalization and aggregation rules which allow smaller details to be removed and small objects to be merged into larger objects, e.g. for a large map, drawing every single house is too detailed, instead the houses are combined to one large block.

Based on work in the NEXUS project, some important requirements for a general location modelling language in ubiquitous computing were derived. This language should:

· Describe the geometry of objects relative to different coordinate systems.

· Express symbolic information, i.e. names and descriptions of objects.

· Express certain relations between objects.

· Support the description of objects in different levels of detail and provide the means to express connections between sub-models in different levels of detail.

Overall, it is believed that location models are crucial to the development of location-aware applications and most applications in the area of ubiquitous computing are, at least to some degree, location-aware. We argue for explicit location models. The development of location models, especially when extending them to detailed world models, is a costly task. Therefore, different applications should be able to share the model. This also leads to a better interoperability between applications and new classes of applications may only become possible with the existence of such models. Decoupling the application through a query language from the internal model representation allows to hide the different levels of detail of models as well as the necessary model representations.

5.4.2 Using RDF to describe location

The Resource Description Framework defines an approach to define relations between objects in a uniform, unique and semantic way. It can be used to build a universal location model that is understandable, extensible and when implemented into XML, easy to query.

RDF can be used for location handling in different ways:

· Define relations between objects, e.g. define that a building has rooms and a country has cities.

· Define properties of objects, e.g. a position has a coordinate and a coordinate has some accuracy, a room has a room number, presence has values, e.g. available, busy or away.

· Relate physical to virtual world, e.g. a museum has a website, a person has a homepage

In a set of RDF schema’s all this relations can be defined and used as the basis for a location model. 

For location based services such a definition is essential. Take for example the property “near”. Without any explanation this has no meaning. But when streets, city blocks and cities are defined in an RDF schema as being subclasses of each other, an RDF query like “give me all hotels in the city where I am now” will give all hotels that have a location with a value that is an instance of a subclasses of the class city, i.e. names of city blocks in that city.   

Location handlers can also check RDF schemas when required information is missing. For example assume that the distance between a location defined by a room number and a location described by coordinates has to be calculated. The system will understand from the RDF schema, that a class room has a property called position and position has a property coordinates. Furthermore, it will understand that room number is also a property of that same room and can thus also be related to coordinates of that room. It can then try to find the coordinates and calculate the distance. By only defining the concepts room and coordinates in an XML schema, such reasoning would be impossible. 
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Figure 13: Examples of location related objects related by the very simple predicate “Has a“ 

6 Conclusion

Location-aware applications depend on information about their environment. Modelling the environment, and especially location, can be done either implicitly, meaning the application contains the model information, or explicitly via a service that stores model information and allows applications to query the model data. Many attempts have been done to represent location information and to define location models. The MLP is good example of a generic representation. 

Many location models have been defined for different application fields. The development of detailed location models is a costly task and we therefore believe that different applications should be able to share the same model information. Having such a common model may increase interoperability between applications and make new classes of applications possible. The basic requirement for such an approach is a common language for describing and querying location information.

Different possibilities exist to add semantics to location information, but no general semantic framework has been defined yet. Adding URI to location (Web based location representation) or the RDF approach seems most promising.

Two positioning technologies, based on different technologies (WLAN and Bluetooth) and different positioning algorithms (triangulation, strongest signal) have been integrated into a context aware mobile application framework, i.e. the Presence Location Instant Messaging application. For this implementation a generic client interface was defined that accesses WLAN or Bluetooth positioning components. Furthermore, a generic way to represent location was defined, by using the MLP specification. 
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Glossary of terms

BT

Bluetooth

GML

Geographic Markup Language

Interoperability

Specifications for the Web's languages and protocols must be compatible with one another and allow (any) hardware and software used to access the Web to work together.

LBS

Location Based Services

LIF

Location Interoperability Forum

MLP

Mobile Location Protocol

RDF

Resource Description Framework

URI

Uniform Resource Identifier

WLAN

Wireless Local Area Network
























































































� http://www.3gpp.org/


� http://www.locationforum.org/


� http://www.opengis.org/


� http://opengis.net/gml/01-029/GML2.html


� http://www.w3.org/


� http://mostec.aplix.co.jp/


� http://www.w3.org/TR/poix/
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