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Abstract

Abstract

A spatial data clearinghouse is an electronic facility for searching, viewing,
transferring, ordering, advertising, and disseminating spatial data from numerous
sources via the Internet. Governments and other institutions have been implementing
spatial data clearinghouses to minimise data duplication and thus reduce the cost of
spatial data acquisition. Underlying these clearinghouses are geoportals and
databases of geospatial metadata. A geoportal is an access point of a spatial data
clearinghouse and metadata is data that describes data. The success of a
clearinghouse’s spatial data discovery system is dependent on its ability to
communicate the contents of geospatial metadata by providing both visual and
analytical assistance to a user. The model currently adopted by the geographic
information community was inherited from generic information systems and thus to
an extent ignores spatial characteristics of geographic data. Consequently, research in
Geographic Information Retrieval (GIR) has focussed on spatial aspects of web-

based data discovery and acquisition.

This thesis considers how the process of GIR from geoportals can be enhanced
through multidimensional visualisation served by web-based geographic data
sources. An approach is proposed for the presentation of search results in ontology-

assisted GIR. Also proposed is an approach for the visualisation of multidimensional
geographic data from web-based data sources. These approaches are implemented 1n
two prototypes, the Geospatial Database Online Visualisation Environment
(GeoDOVE) and the Spatio-Temporal Ontological Relevance Model (STORM). A
discussion of their design, implementation and evaluation 1s presented. The results
suggest that ontology-assisted visualisation can improve a user’s ability to identify
the most relevant multidimensional geographic datasets from a set of search results.
Additional results suggest that it is possible to offer the proposed visualisation
approaches on existing geoportal frameworks. The implication of the results is that
multidimensional visualisation should be considered by the wider geographic
information community as an alternative to historic approaches for presenting search

results on geoportals, such as the textual ranked list and two-dimensional maps.
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Chapter 1: Introduction

Chapter 1 Introduction

1.1 Context

1.1.1 Geographic Data Infrastructure

Geographic information through maps has been collected for several centuries;
however, it is clear that there is more geographic information being collected since
the turn of the millennium than at any other time in history. The significant increase
in the amount of geographic information is due to the technological advances that
have been made in the past few decades in space and airborne geographic data
collection. Longley et al.(2001) define geographic data as linking a place, a point in
time and some descriptive property. Technologies for geographic data collection

have advanced against a backdrop of other improvements in digital data sharing and

dissemination.

In response to the growing cost of geographic data collection, initiatives were started
by world governments to create Spatial Data [nfrastructures (SDI) — a collection of
technologies, policies, and frameworks for facilitating the availability and
accessibility geographic data. SDIs are therefore meant to provide mechanisms for
the discovery, retrieval, evaluation and application of geographic data. In addition to
reduced data collection costs, an SDI is essential for providing affordable, timely and
effective public services. The first recognisable National SDI (NSDI) was initiated
by an Executive Order 12906 by former United States President Bill Clinton in
1994(FDGC, 2005). This was as a result of the realisation that the US government
was spending approximately four billion dollars on geographic data annually. In the

United Kingdom, the cost of geographic data acquisition is estimated to be about 400
million euros. Consequently, the Office of The Deputy Prime Minister (ODPM) is an
active supporter of the SDI initiative (AGI, 2006).
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Figure 1.1 Total number of spatial data clearinghouses globally from 1994 to 2002 (adapted
from Crompvoets et al., 2004)

“A spatial data clearinghouse is defined as an electronic facility for searching,
viewing, transferring, ordering, advertising and/or disseminating spatial data from
numerous sources via the Internet and, as appropriate, providing complementary
services” (Crompvoets et al., 2004: pp.i 665). A clearinghouse adopts a distributed
information systems architecture, where the data is not held centrally but is retrieved
on-demand. Data producers and software vendors make known what products they
have available and how the data can be accessed. The data is described in terms of its
quality, spatial and thematic specifications allowing potential customers to evaluate
its potential for addressing a particular information need. This form of descriptive
information about data is called metadata and is discussed later in this chapter. A
recent innovation in the development of clearinghouses has been the incorporation of
listings of ‘wanted’ datasets. These listings allow geographic information users to

advertise a particular need for information; allowing vendors to respond with

possible solutions for their needs.

Since the inception of the first SDI, the number of national spatial data
clearinghouses has been steadily increasing with approximately 67 countries having

implemented a web-accessible clearinghouse and 13 countries in the process of

implementation (Crompvoets et al., 2004). Figure 1.1 shows the accumulation of
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national spatial data clearinghouse from a global total of one in the year 1994 to 67
by the year 2002, however it excludes the intra-organisational clearinghouses that
have been implemented and managed within each country. Intra-organisational
clearinghouses are created by local authorities, companies and other organisations
within a country. They are therefore not national clearinghouses. For example, the
United States has over 180 clearinghouse nodes referenced by the national spatial
data clearinghouse, Canada has over 80 clearinghouse nodes within its territory and
they are also referenced by the national clearinghouse, and the United Kingdom has

approximately 10 published clearinghouse nodes (FDGC, 2005).

Currently the global network of national clearinghouses makes available over 250
000 semi-structured descriptions of geographic information resources (Crompvoets
et al., 2004). Unstructured content is also available from websites with geographic
references, for example, the Newcastle City Council website or the Newcastle United

Football Club. Other contributions to the global collection of web-based geographic
information resources have been the publication of mapping application
programming interfaces (APIj by popular media companies such as Microsoft,
Yahoo! and Google. The geographic information community has adopted their APIs
for offering maps on different kinds of issues, for example, transportation, travel,
recreation and leisure. It can thus be expected that these factors will contribute to the

increase in the number of geographic information resources available on the Internet.

1.1.2 Geoportals

A user accesses a spatial data clearinghouse through a geoportal — a website that
acts as a gateway to geographic content on the Internet (Tait, 2005). Therefore, a
geoportal 1s eftectively the interface of a spatial data clearinghouse, as illustrated in
Figure 1.2. The illustration shows that a GIS service provider publishes his products
on a geoportal. A GIS user then searches for the services on a geoportal. If any
relevant services are available, these are discovered by the GIS user, after which he
then consumes the services by using them in a GIS application. Whereas historically,
geoportals focussed on publishing geographic data and associated metadata, recent

advances in web-based technology have allowed geoportals to offer web-based
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geospatial processing as well. Although discovered through a geoportal, such web-

based processing is made accessible through both a web browser and a desktop GIS.

GIS
Service
Provider

(A )~=(z)
Publish Consume

A relates to B
through function F

Key:

Geoportal

Discover

Figure 1.2 The role of a geoportal in an SDI (adapted from Maguire and Longley, 2005)

Maguire and Longley (2005) classify geoportals into two main groups, namely
catalogue and appliéation geoportals. Catalogue portals create and maintain indexes
of descriptive information about available geographic information resources. They
offer a web-based interface that allows users to query the indexes remotely. They are
therefore primarily intended for data discovery and are generally targeted towards
wide audiences. Application geoportals combine geographic information services to
provide advanced GIS functions for addressing specific tasks. Tang and Selwood
(2005) suggest an additional type of geoportal, called an enterprise geoportal, which
incorporates web-mapping and location services into an existing business web site.
This thesis is mainly concerned with catalogue geoportals and the methods through

which they enable data to be discovered.

1.1.2.1 Architecture

A geoportal is typically made up of several components. To ensure interoperability
between the different components and associated software, international standards
have been developed to provide a standardised interface for communication between

components. The functionality offered by each component is referred to as a service
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and an architecture that adopts this form of structure is illustrated in Figure 1.3. The
architecture has the following benefits:

e It allows for the integrated use of components from different vendors,

communicating through established protocols.

e Components operate independently of one another and consequently, errors

are isolated within each component.

e As datais disseminated through a web service, the publisher or originator can
impose their own access constraints on the data, for example, maximum
permissible resolution on previewed imagery.

e Datais delivered in standardised file formats, making it interoperable with

several GIS.

Considering the three-tier architecture illustrated in Figure 1.3, at the lowest level of
a geoportal model is a data management tier. This tier includes geographic and non-
geographic database management systems (DBMS). By definition, geographic
databases include data referenced to locations on the earth; for example, census,
‘flood, weather and geological datasets. The data is stored as vector, raster or tabular

content. Querying of the DBMS and meta-database systems is carried out using the
Structured Query Language (SQL) or a similar language such as the Reverse Polish
Notation (RPN). In addition to these databases, the data management tier also

includes repositories of geographic metadata, described in more detail later in this

chapter.

The middle tier of the architecture includes a series of web services. These offer
functionality for accessing, querying and retrieving information from the data
repositories and presenting it to the user via the top-level portal services. The middle-
tier services of a geoportal include the data, portrayal and catalogue services.
Technologies used for communication between components in this tier and others,
include the Geography Markup Language (GML), Simple Object Access Protocol
(SOAP), Web Service Description Language (WSDL), Web Map Service (WMS)
and Web Feature Services (WFS) specifications. These technologies ensure

interoperability between components by providing a standardised interface between
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web services and clients. A more detailed discussion of web services is offered in

Chapter 4.
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Figure 1.3 Service-based framework for geoportals (adapted from Rose, 2004)

At the highest-level within the geoportal architecture are portal services. These are

primarily the user-interface components of the geoportal. There is an increasing

demand for these services to be graphical to ensure adequate portrayal of maps and

other geographic information. Initiatives such as the European Union INSPIRE

framework have included ‘view services’ as requirements for conformant geoportals

(Commission of the European Communities, 2004). Within the INSPIRE framework,

‘view services’ refer to web mapping and other visualisation components. Other

national geoportals have also implemented clients for viewing data and other content,

for example the United States Geospatial One Stop (GOS) and the India SDI

(Sivakuma et al..

2004).
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Components Environments Functions
Web Portal HTML, HTTP, XSL, Search, Map Viewer, Publish,
XML, JSP, ASP Administrate
| Java Beans, NET Query, Gazetteer, Mapping, Edit,
s sl Geocoding
Geographic Web XML, SOAP, Query, Map render/feature,
Services WSDL, WMS, WFS, Transaction, Geocode
GML

DBMS

SQL ;Raster, Vector, Tabular

Figure_l.i A techno-centric view of a geoportal architecture (adapted from Tait, 2005)

Services may be classified into portrayal, portal, data and catalogue services (Rose,

2004). The classification 1s 1llustrated in Figure 1.3 and includes,

Portal Services: Effectively the user-interfaces for administration, searching,
mapping, and publishing functionality on a geoportal. Components providing these
services include map viewers, discovery clients, access and management clients.
Portrayal Services: Provide operations for processing and rendering geographic
content. These include maps (rendered geographic data) and styling services
(providing cartographic information such as symbols and colours).

Data Services: Primarily used for the delivery of geographic content and services.
These include gazetteer, feature and coverage services.

Catalogue Services: Used to advertise and locate geographic information resources.
These in