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Preface

The GIScience conference series (www.giscience.org) was created as a forum
for all researchers who are interested in advancing research in the fundamen-
tal aspects of geographic information science. Starting with GIScience 2000 in
Savannah, Georgia, USA, the conferences have been held biennially, bringing
together a highly interdisciplinary group of scientists from academia, industry,
and government to analyze progress and to explore new research directions. The
conferences focus on emerging topics and basic research findings across all sec-
tors of geographic information science. After three highly successful conferences
in the United States, this year’s GIScience conference was held in Europe for
the first time.

The GIScience conferences have been a, meeting point for researchers coming
from various disciplines, including cognitive science, computer science, engineer-
ing, geography, information science, mathematics, philosophy, psychology, social
science, and statistics. The advancement of geographic information science re-
quires such interdisciplinary breadth, and this is also what makes the conferences
so exciting. In order to account for the different needs of the involved scientific
disciplines with regard to publishing their research results, we again organized
two separate stages of paper submission: 93 full papers were each thoroughly
reviewed by three Program Committee members and 26 were selected for pre-
sentation at the conference and inclusion in this volume. Then, 159 extended
abstracts, describing work in progress, were screened by two Program Commit-
tee members each. Subsequently, 42 of them were selected for oral presentation,
and 46 for poster presentation at the conference. All extended abstracts were
published in a separate book in the Institute for Geoinformatics, University of
Miinster-Prints series.

The proceedings of GIScience 2006 provide ample evidence that the field of
geographic information science is both maturing and growing. This year’s num-
ber of full-paper submissions marked a record, topping the previous submission
rate by more than 30%. Another important trend is the increasing competitive-
ness for entering the LNCS proceedings. The acceptance rate for full papers was
below 28%, a clear indication of the quality of the papers in this book. The mix-
ture of topics demonstrates that the field is still exploring classic topics, but also
moving into novel directions. Among the traditional topics we find spatial repre-
sentations and data structures, spatial and temporal reasoning, computational
geometry, spatial analysis, and databases. A significant number of papers deal
with navigation, interoperability, dynamic modeling, ontology, and semantics.
Geosensors, location privacy, social issues and GI research networks rank among
the important and exciting new directions.

In addition to the paper sessions, GIScience 2006 included four keynote ad-
dresses, five pre-conference workshops, an interactive poster session, and social



VI Preface

events. The water castle of Nordkirchen, one of the most beautiful sights in
the area, served as the location for the gala dinner. The conference itself was
held at Miinster Castle—built from 1767 to 1787, formerly the Prince Bishop’s
residence, now part of the University—and located in one of the most livable
cities in the world. In October 2004 Miinster became the first German city to
win the Gold LivCom Award (www.livcomawards.com) in the category of cities
with 200,000 to 750,000 inhabitants. This year’s conference turned out to be yet
another highlight of the series combining excellent research with a picturesque
background.

As Program Co-chairs, we thank the many people who helped to make
GIScience 2006 a success: those who submitted their work and participated in
the conference, the co-organizers, the General Chair, the Program Committee
and additional reviewers, the Local Organizing Committee, the Web team, the
staff of the Institute for Geoinformatics and the University of Miinster, and last
but not least our sponsors. Special thanks go to Carsten KeBler for his help with
these proceedings.

July 2006 Martin Raubal
Harvey Miller

Andrew Frank

Mike Goodchild



Organization Committee

Program Chair

Martin Raubal, University of Miinster

Program Co-chairs

Harvey J. Miller, University of Utah
Andrew U. Frank, Vienna University of Technology
Michael F. Goodchild, University of California, Santa Barbara

General Chair

Werner Kuhn, University of Miinster

Workshop Chair

Antonio Kriiger, University of Miinster

Program Committee

Dave Abel, CSIRO

Pragya Agarwal, University College London

Luc Anselin, University of Illinois, Urbana-Champaign
Claudia Bauzer Medeiros, University of Campinas
Michela Bertolotto, University College Dublin

Thomas Bittner, SUNY Buffalo

Barbara Buttenfield, University of Colorado at Boulder
Gilberto Camara, INPE

Nicholas Chrisman, Laval University

Christophe Claramunt, Naval Academy Research Institute
Anthony Cohn, University of Leeds

Helen Couclelis, University of California, Santa Barbara
Isabel Cruz, University of Illinois at Chicago

Leila de Floriani, University of Genova

Jirgen Déllner, HPI - University of Potsdam

Matt Duckham, University of Melbourne

Geoffrey Edwards, Laval University



VIII Organization

Max Egenhofer, University of Maine

Sara Fabrikant, University of Zurich

Peter Fisher, City University London

Christian Freksa, University of Bremen

Mark Gahegan, Penn State University

Ralf Giiting, University of Hagen

Francis Harvey, University of Minnesota

John Herring, Oracle Corporation

Gerard Heuvelink, Wageningen University

Stephen Hirtle, University of Pittsburgh

Hartwig Hochmair, St. Cloud State University

Christian Jensen, Aalborg University

Chris Jones, Cardiff University

Marinos Kavouras, National Technical University of Athens
Daniel Keim, University of Konstanz

Menno-Jan Kraak, ITC

Benjamin Kuipers, University of Texas at Austin

Lars Kulik, University of Melbourne

Paul Longley, University College London

David Mark, SUNY Buffalo

Daniel Montello, University of California, Santa Barbara
Atsuyuki Okabe, University of Tokyo

Harlan Onsrud, University of Maine

Dimitris Papadias, University of Science and Technology, Hong Kong
Donna Peuquet, Penn State University

Dieter Pfoser, Research Academic Computer Technology Institute
Enrico Puppo, University of Genova

Jonathan Raper, City University London

Jochen Renz, The University of New South Wales Sydney
Claus Rinner, University of Toronto

Andrea Rodriguez, Universidad de Concepcién
Christoph Schlieder, University of Bamberg

Timos Sellis, National Technical University of Athens
Monika Sester, University of Hannover

Shashi Shekar, University of Minnesota

Eric Sheppard, University of Minnesota

Takeshi Shirabe, Vienna University of Technology

Barry Smith, SUNY Buffalo

John Stell, University of Leeds

Kathleen Stewart Hornsby, University of Maine

Barbara Tversky, Columbia University

Marc van Krefeld, Utrecht University

Peter van Oosterom, Delft University of Technology
Achille Varzi, Columbia University

Agnes Voisard, Fraunhofer ISST and FU Berlin



Organization IX

Rob Weibel, University of Zurich
Stephan Winter, University of Melbourne
Mike Worboys, University of Maine

May Yuan, University of Oklahoma

Additional Reviewers

Mete Celik Paola Magillo Aristidis Sotiropoulos
Frank Dylla Kyriakos Mouratidis Emmanuel Stefanakis
Birgit Elias Laura Papaleo Giuliano Torrengo
Betsy George Kostas Patroumpas Jan Oliver Wallgriin
Seda Giirses Kai-Florian Richter Nico van de Weghe
Sangho Kim Joern Schneidewind Huiyong Xiao
Margarita Kokla Tobias Schreck Jin Soung Yoo

Sponsoring Institutions

g e
\ Institute for Geoinformatics WESTFALISCHE
University of Minster WILHELMS-UNIVERSITAT
MUNSTER

/.3 ESRI"

con terra = o




Table of Contents

A Social and Spatial Network Approach to the Investigation of
Research Communities over the World Wide Web ..................... 1
Pragya Agarwal, Roderic Béra, Christophe Claramunt

Projective Relations in a 3D Environment............................ 18
Roland Billen, Eliseo Clementini

A Multi-resolution Representation for Terrain Morphology ............. 33
Emanuele Danovaro, Leila De Floriani, Laura Papaleo,
Maria Vitali

A Spatiotemporal Model of Strategies and Counter Strategies for
Location Privacy Protection «: s swssssmsms smsmpswsss smssnsnssssssss 47
Matt Duckham, Lars Kulik, Athol Birtley

Incorporating Landmarks with Quality Measures in Routing
Procedures . . ... 65
Birgit Elias, Monika Sester

What Is the Region Occupied by a Set of Points? ..................... 81
Antony Galton, Matt Duckham

Voronoi Hierarchies .............. ... . . . . .. 99
Christopher Gold, Paul Angel

Characterising Meanders Qualitatively ............... ... ... ... ....... 112
Bjérn Gottfried

Landmarks in OpenLS — A Data Structure for Cognitive Ergonomic
Route Directions . . ..... ... 128
Stefan Hansen, Kai-Florian Richter, Alexander Klippel

Status Functions, Collective Intentionality: Matters of Trust for
Geospatial Information Sharing . ....... ... ... ... ... ... ... ... ... .... 145
Francis Harvey

Pattern Recognition in Road Networks on the Example of Circular

Road Detection . ...... ... 153
Frauke Heinzle, Karl-Heinrich Anders,
Monika Sester



XII Table of Contents

Implementing Anchoring .. ............ .. .. .. i
James Hood, Antony Galton

Generating Raster DEM from Mass Points Via TIN Streaming .........
Martin Isenburg, Yuanzin Liu, Jonathan Shewchuk,
Jack Snoeyink, Tim Thirion

Towards a Similarity-Based Identity Assumption Service for Historical
Places .. ..o
Krzysztof Janowicz

Coupling Bayesian Networks with GIS-Based Cellular Automata for
Modeling Land Use Change ................oiiiiniiininnn ...
Verda Kocabas, Suzana Dragicevic

Orientation Calculi and Route Graphs: Towards Semantic
Representations for Route Descriptions ................... ... .......
Bernd Krieg-Brickner, Hui Shi

Incremental Rank Updates for Moving Query Points...................
Lars Kulik, Egemen Tanin

The Head-Body-Tail Intersection for Spatial Relations Between
Directed Line Segments .. .......... ... o
Yohei Kurata, Mazx J. Egenhofer

A GIS-Based Approach for Urban Multi-criteria Quasi Optimized

Route Guidance by Considering Unspecified Site Satisfaction ...........
Parham Pahlavani, Farhad Samadzadegan,
Mahmood Reza Delavar

Ontological Analysis of Observations and Measurements ...............
Florian Probst

Splitting the Linear Least Squares Problem for Precise Localization

in Geosensor Networks. . ....... ... ... .
Frank Reichenbach, Alexander Born, Dirk Timmermann,
Ralf Bill

The Spatial Dimensions of Multi-Criteria Evaluation — Case Study
of a Home Buyer’s Spatial Decision Support System ...................
Claus Rinner, Aaron Heppleston

Graph-Based Navigation Strategies for Heterogeneous Spatial
Data Sets . ...t
Andrea Rodriguez, Francisco Godoy



Table of Contents

Correlation Analysis of Discrete Motions . ............. ... .. ... ....

Takeshi Shirabe

Representing Topological Relationships for Moving Objects ............
Erlend Twossebro, Mads Nygard

UMN-MapServer: A High-Performance, Interoperable, and Open

Source Web Mapping and Geo-spatial Analysis System ................
Ranga Raju Vatsavai, Shashi Shekhar, Thomas E. Burk,
Stephen Lime

Author Index . ... . . ... . .



A Social and Spatial Network Approach to the
Investigation of Research Communities over the World
Wide Web

Pragya Agarwal', Roderic Béra', and Christophe Claramunt®

' Department of Geomatic Engineering,
University College, London, UK
{pagarwal, rbera}@ge.ucl.ac.uk
2Naval Academy Research Institute, Lanvéoc-Poulmic,
BP 600, 29240 Brest Naval, France
claramunt@ecole-navale. fr

Abstract. The research presented in this paper introduces a graph-based and
computational modelling approach that derives a social network and computes
its emerging spatial and thematic properties from the semantics embedded in a
series of Web pages. We apply several local and global graph-based operators,
and complement them with thematic, spatial and similarity operators. This
allows us to infer the degree of correlation between the different properties of
the network. The approach is applied to the study of the GIS research
communities as exemplified by the International COSIT and GIScience
conferences.

Keywords: graph analysis, semantic space, social networks, GIScience, web
communities.

1 Introduction

A social network is commonly defined as a set of people who share a common interest
and have connections of some kind (Wasserman and Faust, 1994). Social networks
provide useful insights into ways that the social communities are formed and interact.
They have been widely studied over the past years, particularly in mathematical and
statistical research (Strogatz, 2001; Newman, 2003), but have also been applied in
many application domains such as epidemiology (Moore and Newman, 2000),
environment (Dunne et al., 2002) and scientific citation (Redner, 1998).

Social networks have been preferably studied using surveys, but these have certain
limitations as connections are not always recorded in questionnaires. Surveys are also
time consuming, can be subjective, costly and error prone. In order to address these
limitations, new forms of studies have recently emerged to derive and compute social
networks. In particular, the World Wide Web provides many opportunities for
inferring and analysing social networks as web sites often embed information with
respect to a specific domain of interest, and the actors that are part of it (Berners-Lee
et al., 2001; Greco et al., 2002; Hou and Zhang, 2002; Bekkerman and McCallum,
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2005). Derivation of a social network becomes a modelling and parsing problem
where members of a group of interest and connections between them should be
inferred from the information embedded on the web.

The research presented in this paper introduces a social and spatial network
approach to infer and analyse the structure and properties of a semantic network
derived from the relationships embedded and hidden in a subset of the World Wide
Web. Our objective is to complement graph-based operators with spatial, thematic
and network correlation measures that cannot be easily expressed by a graph layout,
but can be virtually derived from the relationships embedded and hidden on the Web.
This will help us in understanding the role of space and thematic classifications in a
given social network, for instance, the degree to which network properties are
correlated to other properties.

The domain used for our study is the semantic network formed by the scientific
community closely related to Geographical Information Science. Network and graph-
based analysis support exploration of patterns of collaborations in this field, and
reveal to what degree trajectories of researchers impact the formation of a network of
communities. The motivation for examining research networks is twofold. First, as
members of this community, we are curious about the elaborations and extent of the
field. Second, in a more general sense, the emergence of GIScience research is an
instance of the broader phenomenon of new disciplines forming at the intersection of
existing fields, and this research will lead the way forward for assessing how this
community composes over time. To illustrate the approach we consider two major
international conferences of the field: the Conference on Spatial Information Theory
(COSIT) and Conference on Geographical Information Science (GIScience) that
present the advantage of reflectingthe key players of the GIScience community. These
two conferences appear relatively central in the field of Geographical Information
Science, and are well documented on the Web. The main information inputs are
sourced from the web sites of the last organised sessions of these conferences in
2004 and 2005, respectively, along with previous years to some degree. The
components constituting the elements of the network are researchers that had papers
accepted at these conferences, and connections given by their academic trajectories
along universities. The objective of the study is not to study individuals and their
networks, but rather to analyse the affiliation network of the universities and research
centres that have supported the careers and progression of these researchers. The
expected output is a network of universities active in this particular research field. We
also assume that the trajectory of a given researcher from one university to another
represents an implicit connection between these two universities. This information is
derived and computed from the short biographies as they appear on the web pages of
the researchers hyperlinked to the conference web sites. This supports derivation of a
semantic network whose properties are analysed using graph measures, thematic and
geographical-based correlations, and similarity measures.

In a preliminary study, we analysed the properties exhibited by these scientific
network using graph-based measures and their distribution in space (Béra and
Claramunt, 2005). This allowed us to infer the hubs and authorities of the social
network, centrality patterns, and the distribution of these properties in space. This
paper extends our previous work by enlarging the analysis in several directions. First,
we generalise the measure of geographic dispersion to the thematic dispersion.
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Secondly, we integrate a hierarchical component in the analysis in order to take into
account several levels of abstraction in the thematic and spatial dimensions. Last, we
apply a similarity measure to evaluate the dependencies between the two scientific
networks. The remainder of the paper is organised as follows. Section 2 introduces the
principles of our modelling and computational approach. The case study is developed
in Section 3, and major results presented. Finally, Section 4 draws some conclusions
and outlines future work.

2 Semantic Network Modelling

A semantic network is modelled as a hypergraph G (N,E) where N is a finite set of
nodes, and E is a finite set of links between these nodes. A node is denoted as n;, a
link between two nodes n;, n; € N as a pair (n;, n).

Network analysis combines global measures that outline the emergent structure of
the represented graph, with local-based measures that characterise particularities in
the graph. The most popular local measures are the degree (i.e. number of nodes
connected to a node) and the clustering coefficient of a node. The clustering
coefficient evaluates the extent to which the neighbours of a node i are also linked one
to another. Global measures evaluate the centrality of a node in the graph. These
include for example the average distance between nodes, the ratio of shortest paths a
node lies on (Sabidussi, 1966), and accessibility of a node (Batty, 2004; Béra and
Claramunt, 2003, White and Smyth, 2003). An essential measure of centrality is the
betweenness centrality C, (i) that gives the fraction of shortest paths between node

pairs that pass through a given node (Freeman, 1977; Brandes, 2001), and is defined
as

¢ 0
C=Y #0) (1)

k# j#i Jk
where S denotes the number of shortest paths from j to kand S ; (i) is the number

of shortest paths from j to k that i lies on. The betweenness centrality can be
generalised to multiple component graphs, as well as for directed graphs.

Although these graph-based measures are expected to exhibit local and global
properties of a given network, they do not take into account the spatial and thematic
dimensions. This leads us to introduce some additional geographically-related
measures that correlate the structural and geographical properties of the semantic
network. From a given semantic network G(N, E), we consider the geographically-
based subsets of N that group the nodes of N according to their membership to a given
classification and partition of the underlying space (the same principles can be applied
to a thematic classification and a measure of thematic dispersion). The objective is to
analyse to which degree the structure of a network is correlated to a given
classification. Let us consider a classification C = {cl,cz,...,c‘j,...,cp} that forms a

partition of N with p>1. For a given node n; of a class ¢; of N, we define the
geographic dispersion value disp(n; ) as follows:



