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ABSTRACT

For centuries, people have been concerned with their spatial location and surroundings on
Earth. The methods of describing routes and areas of space by one person to another have
always been a function of the available resources. Today these resources include mobile
phones, personal digital assistants and palmtop computers, providing people with detailed
spatial information whilst ‘on the move’.

To the Geomatics industry, the potential created by the convergence of wireless
communication, positioning technology and Spatial Data Infrastructures (SDIs) is tremendous.
It is now possible to deliver relevant information where it is needed most. Time critical and
location dependent information services have been identified as potentially successful
application areas in this domain. Not only will field workers be empowered by such services,
but the general citizen will also benefit. There are many examples in Europe and more recently
in Australia where such benefits are being realised. Most of these examples are termed
Location Based Services (LBS). The underlying technologies of LBS along with their synergy
with wireless communication, positioning technology and SDI will be examined.



INTRODUCTION

The convergence of network computing and wireless telecommunications with positioning
technologies has given rise to a new class of applications and services – those that are location
based (refer to Figure 1).

Many definitions for Location Based Services (LBS) exist due to the diverse range of services
that have been proposed. On a very general front Lopez (2000) notes that ‘Internet and
wireless service providers are beginning to deliver web mapping, street routing and electronic
yellow page services to both web and wireless handsets’ however as Torrieri (2000) points
out, it is the location services aspect that marks the wireless experience as unique. This has led
to definitions such as that proposed by Davies (2000):

Location Services deliver information about the geographic location of mobile
telecommunications devices. This includes mobile telephones, mobile interactive
browsers and devices attached to other moveable items such as people, packages and
vehicles. Location Based Services deliver end-user applications based on Location
Services.

Thus LBS reinforce geography and a sense of place to mobile subscribers. The provision of
information that is relevant to a user’s current position through LBS is slowly entering the
consumer market place, and can already provide services such as driving directions and
locating nearby stores. It is this integration of network computing, positioning technology and
wireless communications that has led to the development of LBS. Each of these technologies
is well established in its own right, and will to continue to evolve. As a result, it is expected
that LBS will benefit from the developments in each area and hence provide improved
services to consumers.

Progress in the domain of network computing has, in part, led to the development of the
Spatial Data Infrastructure (SDI) initiative. Aimed at providing an environment in which
geospatial users and producers have access to the data that they require, SDIs are still
undergoing refinement, but the infrastructure is proving to be a useful and necessary
mechanism for LBS.

Figure 1 Contributing Aspects of Location Based Services



To appreciate the relationship between SDI and the wireless area, an understanding of the
technologies that are contributing to LBS application deployment is important. The technology
can be broken down into four categories:
•  client terminals (the mobile devices themselves – smart phones, personal digital assistants,

palmtop computers, etc.);
•  network infrastructure (the wireless network that links the application servers with client

terminals – Global System for Mobile communication (GSM) – and the wireline network);
•  application servers (the software components that create the information and deliver the

service); and
•  data (the content)
Each of these categories is discussed in relation to several LBS application examples. Rapid
development has been evident in the areas of client terminals, network infrastructure and
application servers, however, developments in the area of data access (in particular the role of
the SDI) have been somewhat overlooked in association with LBS.

This paper postulates the interconnection between wireless communication, positioning
technology and the SDI domains as necessary contributing areas for the development of LBS.
Additionally the paper examines a hierarchical model to view the requirements of LBS.

WIRELESS COMMUNICATION

As described by Pehrson (2000) wireless data communication combines mobile
communication and data communication by giving consumers easy access through wireless
devices (mobile phones, personal digital assistants, palmtop computers, etc.) to relevant
information on the Internet and intranets. The relevancy of information can be defined in
many ways, however one of the pressing issues in wireless communication relates to location.
In the early days of telecommunication, calls were placed to a specific location in the hope
that the person with whom we wanted to speak would come to the phone. Swedberg (1999)
notes that now with mobile communication, this situation has been reversed; we know whom
we are calling, but we don’t necessarily know where they are.

The lack of position information available for or about mobile phone users has led to many
research initiatives investigating the positioning of mobile devices and the dissemination of
information to them.

Rationale for Location Based Services

A ruling by the US Federal Communications Commission (FCC) in 1996 has been a major
catalyst for the provision of location information via wireless communications. Reportedly
83,000 Americans dial 911 for emergency services from wireless phones each day (Logica,
1999). Without the telephone-address matching that occurs with fixed wire telephone calls, the
dispatch of emergency service personnel is delayed as operators must manually extract
information regarding the mobile caller’s position. The FCC mandate aims to ‘improve the
reliability of wireless 911 services and to provide the enhanced features generally available for
wireline calls’ (FCC, 1999a). To further these goals, the agency requires US wireless carriers
to implement an enhanced 911 service. This is being implemented in two phases. Phase I
requires that the mobile phone number of the caller be supplied to the emergency service



contact. Phase II requires that, from October 2001, the location of wireless callers be provided
(to an accuracy of 300m for 95% of calls utilising a network based positioning solution, or to
an accuracy of 150m for 95% of calls utilising a handset based positioning solution) to the
emergency service contact (FCC, 1999b).

Despite progress with the wireless 911 mandate being slow, according to Logica (1999) ‘the
major wireless players are well advanced in developing FCC-compliant solutions’. The
extension of services that make use of positioning information from the US to the global
market is natural and is slowly taking off. Spurred on from the regulatory requirements of the
US, the European Union has announced similar specifications; all emergency calls (both
wireline and wireless) should be located by 2003 (Sarkola, 2000).

Location Based Services

With the potential for locating mobile devices, many organisations have examined their
existing products to see how improved service to consumers could be provided. LBS are
essentially value-added services that utilise information about a user’s geographical position.
Integrating location information with services makes them more relevant, practical and
convenient for consumers. LBS have been proposed as one of the most important new service
concepts for mobile device users (McCabe, 1999; Davies, 2000; Sarkola, 2000; Trueposition,
2000). The provision of positioning information (in the form of coordinates, for example) is
not particularly unique nor useful in itself. However, it is the combination of this positioning
information with spatial and non-spatial databases, as well as other information services that
has the potential to add another dimension to the information resources of mobile users.

The regulatory foundation of location services in the US requires solutions to have the
capacity to be implemented rapidly and offer national coverage. This can be achieved by
adding hardware to assist in the position determination of mobile users at base stations in the
existing wireless network infrastructure. Despite being an expensive venture, this method
enables consumers to make immediate use of the service with their existing mobile devices.
Outside the US, operators have the choice of how and when LBS will be deployed. The rapid
mobile phone handset turnover that is evident in Europe encourages operators to launch
services that are only accessible through new handsets.

As technology progresses LBS are expected to continue to evolve. Currently many services
are implemented through interfaces that request the user to enter an address (in the form of a
suburb or postcode) which forms the basis of the location information in their query for a
particular service. Eventually the manual entering of location will be bypassed with the mobile
device transmitting position information along with the query automatically.

POSITIONING TECHNOLOGIES

The broad discipline of positioning has evolved rapidly over the last decade. In particular it is
the trends in satellite navigation, inertial technology and integrated systems that are providing
the positioning technologies that are in turn driving SDI and LBS developments.



Much research has been undertaken on methods of determining the position of a mobile device
(Drane and Rizos, 1998; ETSI, 2000; Hayes, 2000). The simplest and most common form of
locating a mobile phone is based on the Cell ID. All networks are capable of locating a mobile
phone using this technique, however, with the high variability in cell sizes (less than 1km-
20km) this method does not provide useful location information for all applications.

A terminal or handset based positioning system relates to positioning intelligence that is stored
in the mobile terminal or on its SIM card. The fundamental information required to locate the
handset is measured at the handset itself, with the network playing only a minor role. This
positioning technique requires users to purchase a new phone, SIM card or both in order to use
the system. Network based positioning solutions do not require positioning intelligence to be
built into the handset, but instead obtain positioning information using observations of handset
signals and the network infrastructure.  This means that all subscribers can use the system as
soon as it is launched. These two positioning systems have different characteristics and as a
result different accuracy requirements (refer to the specifications from the FCC noted above).

The European Telecommunications Standards Institute and T1P1 committee (a subcommittee
of T1, a US telecommunications standards committee, concerned with wireless/mobile
services and systems) have decided on the standardisation of three location systems:

•  Enhanced Observed Time Difference (E-OTD) (handset)
•  Time of Arrival (TOA) (network)
•  Assisted Global Positioning System (A-GPS) (handset)

 (ETSI, 2000)
offering improved positioning accuracy when compared to Cell ID location (refer to Table 1).

Location System Accuracy (m)
Enhanced Observed Time Difference 60 – 200
Time Of Arrival 50 – 150
Assisted GPS 10 – 20
Cell ID 1000 – 20000

Table 1 Positioning Accuracy of Location Systems (Swedberg, 1999)

The potential to accurately and precisely determine the position of a mobile phone raises many
concerns regarding privacy of the mobile subscriber. Whilst this is beyond the scope of this
paper, refer to Commission of the European Communities (2000) and France (2000) for more
information.

Implementing location services with current technology, whilst maintaining adaptability for
future developments has led network operators to abstract the positioning technology from the
LBS application. This architecture generally consists of a Mobile Location Centre component
which acts as a mediation device between the mobile network and the location service client,
retrieves data from the positioning system and converts it into useful information for the
location service client. This permits applications that can function with cell granularity to be
implemented immediately and allows for gradual deployment of more advanced services.



Having looked at wireless communication and positioning technology, the provision of data to
mobile users can now be considered. SDIs, through their provision of mechanisms to access
data, offer a solution to this problem.

SPATIAL DATA INFRASTRUCTURE

The increased use and importance placed on spatial information in many areas has led to
recognition of the need for an infrastructure for land and geographic information – a Spatial
Data Infrastructure. SDI are intended to create an environment which enables a variety of
users to access and retrieve complete and consistent data sets in an easy and secure manner
(Rajabifard et al., 2000). The Australian and New Zealand Land Information Council
(ANZLIC) is the national regulatory body responsible for the development of the national SDI
in Australia and believes that the nation should have the SDI needed to support its economic
growth, and social and environmental interests, backed by national standards, guidelines and
policies on community access to that data (ANZLIC, 1998).

Hierarchical View of SDI

Many nations are developing SDI to better manage and utilise their spatial data assets. As
developments progress, some countries are finding it necessary to cooperate with others to
develop multinational SDIs to assist in regional decision making that has an impact across
national boundaries. From this, a hierarchical structure of SDI has resulted with perspectives
moving from a local, state, national and regional level through to a global level. This is
reflected in the fact that the industry is moving towards an unambiguous structure of data
sharing and communication (Rajabifard et al., 2000).

Rajabifard et al. (1999) identify two views of this hierarchical structure of SDI (refer to Figure
2). The umbrella view examines the hierarchy from the top down. The SDI at the higher level,
encompass all of the components of the underlying SDIs. For example at the global level the
necessary institutional framework, technical standards and access network should be in place
to facilitate the sharing of the fundamental data sets which are kept at the lower levels. The
building block view examines the hierarchy in the opposite direction, with each of the lower
level SDIs acting as the supporting blocks to provide the spatial data needed by those at the
higher levels. This double view of the SDI hierarchy creates an environment in which decision
makers working at any level can draw on data from other levels.
Figure 2 – View of SDI Hierarchy   A) Umbrella View   B) Building Block View
(Rajabifard et al., 1999)



LOCATION BASED SERVICE REQUIREMENTS – A CASE STUDY APPROACH

The Internet (through the World Wide Web interface) has already proven to be a useful tool
for gathering and viewing spatial information (refer to Majid and Williamson (1999)). The
convergence of the wireless communication, positioning technology and SDI areas is expected
to continue to facilitate information delivery, with a focus on the delivery of relevant and
timely information. The restrictions imposed by the conditions of mobile computing mean that
hand held mobile devices will probably never be able to match the computational resources
and viewing capabilities of desktop PCs and high end workstations. However, this is not the
intention of such developments. The key lies in finding the mechanisms to enable mobile users
to access small, appropriate sections of larger data sets.

The usefulness of a wireless application is no different to any other application, the needs of
the user must be met; the success of a wireless application depends on the suitability of the
service to the mobility of the user. McCabe (1999) envisages great potential in LBS due to the
fact that they serve both consumers and network operators:

For consumers, they meet the demand for greater personal safety, more personalised
features and increased communication convenience. For network operators, location
based services help differentiate service portfolios, improve network efficiency and
create greater pricing flexibility to address discrete market segments.

The value chain through infrastructure, network operators and content providers demonstrates
some of the relationships necessary for successful wireless services. Content providers have
the information and services that wireless customers desire, but these services cannot be
delivered to the majority of wireless subscribers without the network operator, who in turn
require the infrastructure. Similarly, content providers require content or data in order to
produce meaningful applications. The data sets of SDIs can be utilised to facilitate mobile
location based applications. AUSLIG (2000) identifies navigation, emergency service
response and disaster management as examples for which time and spatial information are
critical. Hence such examples would be ideally suited to mobile deployment. The fundamental
data sets of SDI can form the basis for value-added data sources that could be utilised in these
areas.

To demonstrate the current status of LBS and highlight the potential for the communication
requirements in relation to SDI, several applications have been reviewed. Mirroring the SDI
hierarchical breakdown (local, state, national and global), an example application has been
chosen for each level.

Most of the current operational LBS provide information to users at a local level. The common
example of a user being able to ask a query such as “Where is …?” and receiving an answer
listing only those items in close proximity, demonstrates the use of local level information
services. Generally local information is all that a user requires. Although it could be argued
that all location services will eventually result in the delivery of location specific information
to a user, it is in the pre-delivery stages of the service where other levels of information may
be required.



Local

One of the more unusual services operating at the local level is that provided by Schlumberger
and Webraska in France. The companies are working together on a parking information
application that will enable motorists with Wireless Application Protocol (WAP) enabled
mobile phones to access up-to-the-minute information on parking availability at their
destination (King, 2000). This is achieved through combining data on parking place
occupancy (both streets and car parks), real time traffic information, maps and route guidance.

Users operate the service by keying in their location and/or destination on a WAP enabled
mobile phone. They will receive a real-time update of available parking in the surrounding
streets and car parks, en-route traffic information, maps and an indication of the best route to
the chosen parking place.

The parking terminals and management systems of Schlumberger transmit current occupancy
rates data across GSM, Mobitex, PSTN or Internet networks to an open-interface Parking
Information Server. The server calculates occupancy levels for the area as well as several
dynamic characteristics (for example an indication of whether the number of available parking
spaces is increasing or decreasing). This will allow the motorist to select the optimum parking
location (Globe Wise, 2000). Webraska’s services calculate an itinerary and guide the user to
their chosen location.

State or Provincial

CitySearch, Australia’s leading provider of city-based lifestyle guides and online business
directories, is working on a location based information delivery service that operates in a
WAP environment. Currently the prototype (http://melbourne.citysearch.com.au/index.wmli)
allows users to perform a restaurant or business directory search following the selection of a
State capital of Australia.

Users select their city of interest and select the type of search they would like to perform
(restaurant or business). They are then presented with three fields upon which they may
perform queries (refer to Table 2).

Restaurant Search Business Search
Name Name
Location Location
Cuisine Category

Table 2 Search Fields of CitySearch WAP application

The location field contains preset values corresponding to areas within the chosen city. For
example, locations for Melbourne include City and Inner, East, West and Yarra Valley.
Searches may be conducted on any combination of the three fields, with a list of results
meeting the search conditions displayed. Address and contact details are available for each
result.

The CitySearch search engine is utilised for the queries from the WAP site whilst Vodafone
controls the production and implementation of the site. The site is deployed over Vodafone’s



GSM network which operates across Australia. CitySearch provides Vodafone with the data
from their directories and provides updates on a monthly basis (Gelly, 2000).

National

One of the oldest applications in the location systems domain is that of vehicle and fleet
management (Trueposition, 2000). Since the 1970s specialised systems have been constructed
to meet the requirements of fleet monitoring. Now, the developments within the field of
wireless communication and mobile Internet access are providing new, cost effective solutions
enabling mobile staff to be contacted and resources to be managed on a large scale.

In many countries throughout Europe, CellPoint are offering a Resource Management Service
that utilises GSM-based positioning of a standard handheld mobile phone (ie. no WAP
capabilities required). The service (designed and targeted to the transport sector, sales and
service organisations) uses a mobile phone and a standard PC with Internet connection.

As an example, the service will be described for a fleet service where all mobile
personnel/units carry a mobile phone. Via the web interface, managers may position individual
or all phones/workers on their system, monitor the position of their mobile units on a digitised
map and communicate with them. All activities are logged and can be accessed using the
Internet. Communication from the manager to mobile units occurs over the Internet to the
CellPoint System, through the GSM network and is received as an SMS message on the
mobile user’s phone (CellPoint, 2000).

CellPoint’s Mobile Location System supports both handset-based (SIM toolkit, WAP and
GPS) and network based solutions. The location technology utilises information available in
the GSM network together with the known positions of the network’s base stations to calculate
the position of a mobile phone. All major GSM infrastructure suppliers support this
functionality.

This service can offer a transport company improved efficiency, financial and time savings
through improved routing as well as an improved service level for their customers (in terms of
more accurate delivery information). All of this can be achieved with hardware that is
commonly available and easily upgradeable.

Global

The largest scale at which data is required is that of the global scale. Tracking services (using
devices such as GPS receivers and electronic tags) can use a wide range of communications
networks to deliver location information. Satellite, cellular, mobile data or radio networks
have all been utilised for these purposes (Blonz and McCarthy, 1998). The introduction of
WAP enabled devices has provided express industry organisations an additional avenue for
relaying package tracking information to their customers. DHL Worldwide Express, in
particular, aims to make their tracking information more accessible and convenient, and has
developed a number of initiatives to achieve this.



In October 1999, DHL was the first company in the express industry to launch a tracking
service designed specifically for use with WAP enabled devices (http://www.DHL.comi). In
addition to their phone and Internet based methods of tracking, this service offers users
additional flexibility. The service can be accessed through any WAP enabled GSM network
and provides immediate access to the status of delivery and location reports (DHL, 1999).

DHL’s Wap Track application continues the company’s trend in being at the forefront of
technological development and is ideal for supporting the needs of mobile personnel who,
irrespective of their position, can check on the progress of an urgent delivery with ease.

The global operational capability of this service is highlighted by the fact that it supports
twenty one different languages. The site automatically defaults to the user’s preferred
language (preset in the phone upon purchase), but may be changed by selecting a different
language from a drop down menu (DHL, 2000b).

DHL also offers a global SMS tracking service whereby customers may send a text message
(containing the number of the item they wish to track) to the global DHL SMS Tracking phone
number. The latest status information is then sent back to the customer’s phone in as little as
ten seconds (DHL, 2000a). The SMS tracking service has no additional charge, with
customers only paying to send the SMS message. The tracking phone number operates
globally, allowing customers to track the progress of their packages so long as they can access
a GSM mobile network signal.

Soon to be implemented by the company is a Drop-Off Locator service (DHL, 2000b).
Customers will be able to key into a WAP enabled phone the postcode of their current location
and within seconds the address of the nearest DHL office, together with directions on how to
get there and a route map will be sent to the user.

COMPARATIVE ASSESSMENT

The featured applications highlight commonalities across the levels defined by the SDI
hierarchy. These overlaps indicate the need for a common infrastructure that could form the
basis for the majority of LBS applications. The services have been assessed in relation to the
three contributing disciplines of positioning technologies, wireless communication and SDI.

Each application relies on the use of a GSM mobile phone from which position information is
obtained. This is obtained either manually through user interaction or transparently, directly
through the phone network.

The level of detail of information provided by the service reflects the scale at which it is being
used. The larger scale applications tend to provide simply spatial information, whilst the
smaller scale applications provide spatial information augmented with attribute information.
For example, the local application (parking space locator) can provide a step-by-step itinerary
to guide the user from their current position to their destination, whilst the global application
(package tracking) lists the major DHL check points that the package has passed through with
a description of the status of the package’s progress at each check point.



Data accuracy relates to the level of detail of information and is an important consideration in
the delivery of spatial and related attribute information. In particular, the national application
(fleet management) highlights an important data accuracy aspect – the resolution of the
position information must match the resolution of the map. It may be technically possible to
position a mobile phone to within 10m of it’s true position, but if this position information
needs to be used in conjunction with a map of a larger resolution (i.e. a small scale map
representing a country), the geocoding process is likely to result in incorrect results. The same
result would be achieved with coarse positioning accuracy and large scale maps. In terms of
data currency, the SDI offers a workable solution in that data custodians keep their data and
hence must continue with their maintenance routines. With the custodians permitting others to
access their data directly, users can be assured of the most accurate and up-to-date data sets.
Whilst none of the applications reviewed utilise existing SDIs, they do use or rely on many of
the core components of SDIs (i.e. institutional frameworks, technical standards, fundamental
data sets and clearinghouse networks). In particular, the state application (restaurant/business
search) could benefit from linking with an SDI, eliminating the need for data updates to be
provided to the site’s distributor on a monthly basis.

All these applications currently rely on a high level of interactivity by the user in order for
them to retrieve their desired information. Advancements in positioning technologies and
integration with mobile devices is likely to lead to the manual positioning component of this
application being redundant. This in turn will minimise the time required to use the service
and also the access cost.

The higher level applications tend to rely more on the combined infrastructure of wireless
communication, positioning technology and the SDI than those of lower levels. For example,
in the global application (package tracking), the wireless communication network must
operate at a global level and the transmission of package position and related information must
also be able to be dispersed globally. Similarly, although not on such a large scale, the national
application (fleet management) requires the integration of position information of a mobile
phone with map data displayed and updated in real time on a PC. Thus, it is not just the
individual components that contribute to the LBS, but also the way in which they contribute
that is of importance.

The commonalities and degree of overlap between the local, state, national and global
applications observed, as described above, indicate that the SDI hierarchy may be too specific
a categorisation to use for LBS. A modified hierarchical model that takes into account the
commonality across levels and some of the unique aspects of LBS (such as time) will be
considered in future research.

CONCLUSION

Currently the LBS market is being driven by multiple technology waves. High speed wireless
data networks, improved phone form factors and high accuracy location technologies will all
drive improved applications and increased adoption. Underlying this, SDI is likely to assist in
the provision of mechanisms for providing LBS.



As a means of examining the requirements of LBS, a hierarchical model (adopted from SDI
theory) was utilised. The hierarchical model examines SDI requirements at the local, state,
national and global levels. The use of this model highlighted the commonalities between
applications at each of these levels. These commonalities, along with the evident overlap
across hierarchical levels highlights the need for a generic model to represent LBS and the
associated connections with wireless communication, positioning technology and SDI
domains. Such a model could indicate some of the infrastructure requirements necessary to
implement and develop LBS.

The mobile phone has had a dramatic impact on society. Often purchased for reasons of
personal safety, additional services such as that provided by E-911 are improving the quality
of service available. As a spin-off, general LBS are offering a variety of applications to users
from parking space locators to the ability to track a parcel. These everyday services will
contribute to the developing technologically aware society.
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i This URL can only be viewed on a WAP capable mobile phone or via the Internet using an emulator such as that
found at www.yospace.com
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