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Welcome

The vitality of Geographic Information Science research in the UK shows no sign of 
abating, and the GISRUK series of conferences, which has been running annually since 
1993, continues to meet the needs of researchers in both theoretical and applied areas of the 
discipline.  The 2009 GISRUK conference demonstrates the breadth of our subject: within 
these Proceedings you can find contributions which address the widest range of geographical 
enquiry, and we feel sure that there is much here to inform, intrigue and inspire those with 
interests in geospatial data handling.

The Proceedings form the record of this 17th annual GISRUK conference, held in Durham.  
As in every previous year, GISRUK can boast of visiting a new venue.  Durham has a 
long and continuous history of excellence in geographical study, and along with sister 
departments in both Newcastle and Northumbria universities, it has contributed much to 
advances in geographical knowledge, both locally and globally.  The environment of North 
East England is a stimulating and exciting one in which to ply one’s trade as a geographer, 
and the adoption of GI methods, technologies and concepts has led to high-quality research 
(as recognised by our most recent RAE results) in North East universities, in all areas 
concerned with geospatial data.  We are grateful to Durham University for acting as host for 
this meeting.  The local organising committee – Dr Chris Dunn (Durham), Dr Bruce Carlisle 
(Northumbria), Dr Seraphim Alvanides (Newcastle) and myself – have also benefitted from 
the professional assistance of Event Durham (notably Stina Maynard and Judith Aird) and 
David Hume who has produced these Proceedings.

As usual, we also thank the generous sponsors of GISRUK.  At a time of economic belt-
tightening, we are indebted to those sponsoring ogranisations featured on the back cover of 
this volume for their continued support of GISRUK.

In addition, I am grateful to the reviewers of the papers contained in this volume.  The 
excellence of the papers presented in these pages is testament both to the authors and to the 
reviewers who have given their time and expertise in suggesting improvements.  Over 100 
abstracts were submitted and we feel that a high-quality conference has resulted from the 
reviewing process.  The standard format for GISRUK publications places high demands 
on authors – the limit of 1500 words can feel constricting – but I hope that readers of this 
volume will find value in the concise descriptions and explanations provided.  All this work 
re-iterates my first sentence - the vitality of Geographic Information Science research in the 
UK shows no sign of abating.

Welcome to Durham!

David Fairbairn
Chair, Local Organising Committee
School of Civil Engineering & Geosciences, Newcastle University
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Using the Analytic Hierarchy Process to prioritise 
candidate improvements to a geovisualization application 

 
David Lloyd, Jason Dykes, Robert Radburn 

giCentre, City University London, EC1V 0HB  
Telephone: +44 (0)20 7040 0212, Fax: +44 (0)20 7040 8584 

Email: {d.lloyd | jad7 | sbbd476}@soi.city.ac.uk, Web: www.soi.city.ac.uk/~at775 
 

KEYWORDS: geovisualization, analytic hierarchy process, crime and disorder reduction 
 

1. Introduction  
 
Crime and disorder reduction (CDR) research analysts (‘analysts’) in a UK local authority have 
generated candidate improvements for enhancing geovisualization prototypes designed using human-
centred methods (Lloyd et al., 2007; Lloyd et al., 2008). Prioritising these is an important process and 
may require modification to established decision support techniques due to the nature of 
geovisualization. We explore this issue through the Analytic Hierarchy Process (AHP) (Saaty 1977) 
examining both the resulting priorities and their consistency.  
 
2. Approach 
 
Three crime analysts suggested ~350 explicit and implicit improvements to prototypes in seven 
experiments that enable analysts to explore crime attributes (absolute and relative numbers) spatially 
(using choropleth shading) and temporally (using glyphs). When coded and grouped the ~120k 
transcribed words yield 35 possible improvements. A clear task is to prioritise these possible 
improvements, initially unconstrained, and then in the context of limited development resource in 
order to direct development. Approaches to the first of these include multi-criteria decision analysis 
(MCDA) (Dodgson et al., 2000), GIS-based MCDA (Malczewski 2006), and the well established 
(Wasil and Golden 2003) Analytic Hierarchy Process which has been widely used in prioritising 
software development (Karlsson and Ryan 1997). AHP participants prioritise from a list by relating 
every possible pair of combinations. An overall score and ranking are produced for each item, along 
with a consistency ratio for each user.  
 
Our 35 possible improvements would need too many pairwise comparisons for completion in a 
reasonable time. We reduce this number by grouping (Karlsson et al.,1997) and use pairwise group 
comparison to subsequently relate the group results. Analysts consider improvement groups in turn: 
‘data-related' (dealing with aggregation, filtering, context); ‘interface-related’ (system behaviour, 
complexity, speed); ‘interaction-related’ (readability, orientation, scale, legend) and ‘new’ (novel 
visualization tools and displays). Two analysts score preferences on each pairwise comparison within 
each of the four groups and then for the four groups themselves using an integer divergent scale 
(Karlsson and Ryan 1997). Comments made during the test are noted, and analysts asked about the 
process retrospectively. The perspective of ‘geovisualization expert’ (‘expert’) was provided by Dykes 
who had participated in the human-centered development process and undertook the AHP. 
 
3. Findings 
 
3.1 Quantitative findings 
Marked similarities are noted in the rankings of the desirability of the 35 possible improvements 
prioritised by the two CDR analysts (Pearson coefficient 0.50, significant at 0.01 level; 2 tailed, n=35). 
This is not the case with expert’s rankings, which are significantly different from both analysts’. 
Figure 1 shows analysts’ and expert’s rankings as parallel plot small multiples, conditioned by 
improvement group. Analysts’ priorities are skewed towards ‘data-related’ improvements and against 
‘new’ items. The expert’s priorities are more evenly distributed, and incline towards ‘interaction 
related’ and against ‘interface related’ choices.  
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Figure 1. Parallel plots showing the rank of candidate improvements from 1 (top) to 35 (bottom), for 
each group, The same plot is shown four times with each group highlighted in turn: ‘data’ (10 lines 

highlighted corresponding to 10 'data' improvements), ‘interface’ (6), ‘interactive’ (7) and ‘new’ (12). 
Rankings for CDR analysts (C1 and C2) and expert (D) are shown left to right within each plot.  

 
Saaty (1980) considers an AHP 'consistency ratio' of < 0.1 acceptable; "in practice, however, 
consistency ratios exceeding 0.10 occur frequently" (Karlsson and Ryan, 1997). Those achieved here 
range from 0.03 to 0.21 for data-, interface- and interaction-related possible improvements, but the 
results from the ‘new-related’ group are noticeably less consistent, ranging from 0.43 to 0.69. Analyst 
C1 is more consistent than the others throughout. C1's relative preferences across the 35 possible 
improvements are not as strong as those of C2 and D, as measured by the Gini coefficient (C1: 0.27; 
C2: 0.48; D: 0.42), calculated from Lorenz curves (Lorenz, 1905) of the same data. 
 

Table 1. AHP consistency ratios for the four different groups and overall group comparison of 
the 35 possible improvements (low is more consistent).  

 

User \ Group    ‘data’    ‘interface’  ‘interaction’      ‘new’   group comparison 
CDR Analyst ‘C1’ 0.03 0.09 0.04 0.49 0.07 
CDR Analyst ‘C2’ 0.06 0.20 0.21 0.69 0.06 
Geovis expert ‘D’ 0.16 0.10 0.21 0.43 0.04 

 
3.2 Qualitative findings 
CDR analysts spent considerable time before the AHP exercise clarifying details of the ‘new’ 
candidate improvements. This resonates with our problems mediating geovisualization possibilities to 
these analysts (Lloyd et al., 2007) and parallels the difficulties experienced in identifying ‘undreamed 
of’ requirements (Robertson 2001). Comments made during the task include concerns about 
individual’s consistency; concerns at the descriptions provided not differentiating sufficiently for some 
comparisons; and unprompted explanations being given for scores. 
 
The CDR analysts found the AHP to be efficient and meaningful - preferred candidate improvements 
were successfully identified. The ‘expert’ experience was less positive - a tendency to focus on the 
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process and one’s own consistency rather than the detail of the improvements was noted through 
participation, as were difficulties in interpreting improvement descriptions consistently. Achieving 
consistency was an important aim for all users, and two of the three participants were concerned after 
awarding scores of ‘1’ frequently in succession. One of the analysts summed up their understanding of 
the proposed tools as “a guess on the back of what you are telling me”, indicating that earlier 
difficulties reported in mediating geovisualization to analysts continue and may be exacerbated by the 
coding and grouping required for AHP. 
 
4. Conclusions 
 
The two analysts have very different dispersions and different consistency ratios, but their rankings are 
indistinguishable, supporting the notion that the AHP is robust. The priorities of the expert are 
markedly different despite the high levels of engagement between analyst and expert throughout the 
human-centred development process. Geovisualization applications are predominantly ‘expert’ driven 
(Fuhrmann et al., 2005) and so the discrepancies in terms of priorities are an important finding that 
should be explored further with other analysts and ’expert’ developers.  
 
Given the poor consistency in ranking 'new-related' improvements, such rankings clearly cannot be 
relied upon to indicate priorities within this group. But the fact that ‘new’ candidate improvements are 
ranked inconsistently by all subjects suggests particular uncertainty about their nature and/or possible 
benefits. The issue may be one of communication and interpretation - unfamiliar improvements are 
more difficult to describe, communicate and interpret consistently with the coding, grouping and 
succinct descriptions required for pairwise comparison in the context of ~350 possibilities. Including 
the kinds of complex novel visual features typical of geovisualization as possible improvements may 
thus affect the working of the AHP. This is despite our efforts to expose the CDR analysts to 
geovisualization techniques and prototypes over an extended period and providing detailed 
descriptions prior to and during the AHP process. The time spent by the analysts at the outset and the 
qualitative data lend weight to this conclusion, confirming our earlier findings on difficulties in 
mediating geovisualization to these users (Lloyd et al., 2008). We also note the understandable focus 
of the analysts on prototype improvements that have the most bearing on their current activities rather 
than on innovation. This may be another limitation of the AHP, as we have previously observed these 
analysts being more open to innovation when not asked to prioritise - indeed all 350 candidate 
improvements were suggested by these users working with geovisualization prototypes in our human-
centred design process (Lloyd et al., 2008).  
 
Consequently, future application of AHP in geovisualization might variously: 

 involve all parties in the AHP concurrently so that concepts can be discussed and interpretations 
clarified - AHP as a collaborative process to mediate shared understanding of priorities 

 provide visual descriptions/stimuli with demos, videos or presentations prior to and during the 
process so that the candidate improvements are agreed 

 use fewer, more specific, candidate improvements - sampling rather than aggregation 
 run the AHP against different scenarios to establish (for example) current and future priorities 
 weight the results by analyst based on criteria such as consistency (from the consistency ratio) or 

dispersion (from the Gini coefficient) 
 
A variant of the classic knapsack problem allowed us to determine how the AHP output can help 
prioritise possible improvements under the constraint of different value solutions and developer costs. 
Results reveal that the analysts focus just as strongly on known functionality when development 
resources are limited, even when current tasks provide opportunity for beneficial geovisualization 
(Lloyd et al., 2007).  
 
Whilst showing how a decision support technique can be successfully employed, we suggest that the 
nature of geovisualization may cause difficulties for those seeking to differentiate between candidate 
improvements, and may not provide an unambiguous development roadmap. Approaches to 
developing prototypes rapidly in collaboration with prospective users through ‘patchwork prototyping’ 
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(Jones et al., 2007), or establishing requirements in ways that involve creativity (Maiden et al., 2004) 
may be beneficial in resolving the different perspectives identified here. 
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Appropriation of Public Park Space
A GIS-based case study 
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1. Introduction
This paper will present selected elements of a recently concluded research project. The key aims were 
to improve knowledge about individual and aggregated human appropriation of public park space, 
and subsequently identify key factors to improve design and management of parks. The focus is on 
the more applied components of the project, i.e. the extensive data collections in a case study, the 
analysis methods employed, and results that are transferable to other cities and parks. 

2. Social Sustainability and Urban public parks – opportunities and challenges 
Surveys have shown that citizens consider urban parks to be an important element for their well-
being, even if used only occasionally (Tinsley and Croskeys 2002; GrünStadtZürich 2006). They are 
also places where urban citizens can learn important values such as coexistence, cooperation, and 
tolerance by experiencing and living cultural diversity (Garcia-Ramon, Ortiz et al. 2004).  
However,  patterns of design and management  (Forsyth and Musacchio 2005; Low, Taplin et al. 
2005) and informal processes of displacement and exclusion oppose general access and equal 
participation (Manning and Valliere 2001; Chiesura 2004), thereby reducing diversity and 
endangering social sustainability (Owens 1985; Paravicini 2002; Thompson 2002; Brandenburg, 
Arnberger et al. 2006). To ensure socially sustainable park use, a prerequisite are non-discriminatory 
access and equal chances for participation (Bundesamt für Statistik, BFS et al. 2003). This research 
postulates that this is expressed in a heterogeneous, diverse usage and composition of visitors. 
This paper looks for processes of exclusion on two scales: The meso-scale of a neighbourhood, where 
the composition of sampled park visitors is compared to an expected composition based on the 
neighbourhood population; and on the micro-scale, where the spatio-temporal distribution of park 
visitors within a single park is subject to quantitative analysis. 
In order to identify strategies of design and management that foster socially sustainable appropriation 
of public parks, we need more knowledge about the actual usage and appropriation. Park usage 
studies have been mostly in the form of off-site surveys, neglecting direct observations to find out 
more about how parks are actually used (GrünStadtZürich 2005; Fischer, Stamm et al. 2006). 

3. Zurich Case Study 
This study employs a pragmatist, mixed methods approach, using both qualitative and quantitative 
methods sequentially and iteratively where appropriate (Creswell 2003; Morgan 2007). Part of the 
project was the development of a simple yet efficient quantitative spatial model to capture and 
represent the complex interpersonal processes of human space use and appropriation on the micro 
level (Ostermann and Timpf 2007).  
An important aspect of this work is its empirical foundation of the modelling and analysis. In order to 
collect data, three public parks were observed over the span of three years. The case study was 
undertaken in close collaboration with the administrative department responsible for the design and 
maintenance of public parks, GrünStadtZürich. The parks to be observed were selected for their 
function in the city context as neighbourhood parks, and their suitability for observations. This 
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included characteristics such as size and visibility. The observations were realized over a period of 
three years, including a pilot study. Each of the three parks was observed on 7-14 days for 2-4 hours.
As two parks were observed on consecutive years, this amounts to almost 150 hours of observations.
In total, over 8000 park visitors were recorded. A new, digital observation method was developed, 
which allowed the direct encoding of the observational data using TabletPCs and standard GIS
software, reducing observer bias. The age and gender of the park visitors and the type, time and 
location of their activities were recorded into a database. The data is considered representative at a 
larger scale weeks and seasons. The uncertainty introduced by the observations was acknowledged, 
and the quality of the data judged sufficiently exact for analysis.

4. Spatio-temporal analysis methods
Subsequently, several established quantitative analysis methods were reviewed for their suitability for
the micro-scale. The analysis of the original discrete point data is possible with established spatial
analysis methods: Mean centres, SDEs, nearest neighbour index and kernel density estimates are
straightforward and provided meaningful results on several scales. The temporal analysis had to
remain a primarily qualitative visual one. The complex nature of human spatial usage, appropriation, 
and interaction makes a data mining approach to detect hidden causes and effects very challenging. A 
pattern could be returned because of user-introduced bias instead because of an actual case of
domination and exclusion. One would have to augment the data with the motivation of the park users, 
so that one could determine why a certain reaction like relocation has occurred. In addition to the 
detailed analysis within parks, the composition of the visitor sample was also compared to the 
neighbourhood population by employing Chi-Square-Tests. 
Finally, the multitude of visualization techniques employed (qualitative dot maps, space-time-cubes,
animations, density surfaces, small multiples) were evaluated for their suitability in a knowledge
generation and knowledge dissemination context. 

5. Results 
Within the scope of this contribution, only some results can be highlighted. In summary, while some
of the activity patterns detected resemble expected ones, others contradict patterns observed and
reported in the literature by other research projects. For example, the analysis results on the micro-
scale of park usage showed no indication of a suggested domination of open spaces by male visitors
(Paravicini 2002). To the contrary, the dynamic activities were located at the periphery of the open
spaces in all parks, and there was no male domination in the centre, as the following exemplary figure 
shows:

Figure 1: Absolute Density of Males (left), Females (Center) and relative Density (right)
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At the meso-scale of neighbourhoods, the analysis showed a statistically highly significant under-
representation of elderly visitors. The following table shows this exemplary for one observed park 
(normalized values for observed sample and expected population): 

Male Female p Gender Children Adults Seniors p Age 
Observed 51.4 48.6 17.9 76.1 5.95
Expected 53.9 46.1

0.62
16.1 61.9 22

< 0.00 

Table 1: Savera-Areal 2007 Chi-Square Test
While differences in gender are not statistically significant at an aggregated temporal scale, there is a 
temporally correlated underrepresentation of females during the evenings (Ostermann 2009). Also, 
some elements of the park infrastructure proved to be strong attractors for certain visitor groups. 
Clearly, each user group seems to have certain preferences with regard to the park infrastructure. 
Therefore, a diverse infrastructure gives the heterogeneous user groups the possibility to participate.  
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Building bridges between methodological approaches: a meta-framework 
linking experiments and applied studies in 3D geovisualization research 

Susanne Bleisch1, Jason Dykes2, Stephan Nebiker1

1FHNW University of Applied Sciences Northwestern Switzerland, 
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1. Introduction

We propose a meta-framework that relates studies using a range of research methodologies as we 
investigate the use of abstract graphical representations of numeric data in 3D desktop based virtual 
environments. Selected approaches varying along a continuum from perceptual experiments to studies 
in applied settings provide the supports for the methodological bridge that we build by relating the 
design and findings of each. Doing so enables us to benefit from the advantages and overcome the 
limitations associated with studies conducted at any one stage. For example, we can evaluate the 
focused results of a controlled experiment in a more applied setting and thus address a key 
shortcoming of controlled experiments by taking into account contextual information. 

2. The 'land' 

At either end of the continuum we bridge are contrasting established approaches - the 'in vitro', 
quantitative and controlled environments used in psychophysical response studies and the 'in vivo', 
qualitative, case study research that evaluates applications ‘in the wild’ (Figure 1). 

Figure 1. The meta-framework bridge between the two sides of 'in vitro' and 'in vivo' research 

Activities on the experimental end are typical for the behavioural and physical sciences including 
cartography (Montello 2002). They usually involve large numbers of users, with little contextual 
information and thus no (or few controllable) influencing factors. On the applied side very few users 
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are typically involved and qualitative approaches are employed. Much contextual and tacit knowledge 
influences and enriches these studies and many influencing factors exist that we cannot or do not want 
to control (Yin 2003). Research in geovisualization is done mostly towards the experimental side of 
the bridge (e.g. Bair and House 2007; Fabrikant, Montello et al. 2006). Case studies or applied settings 
are often used regarding implementation or usability issues (e.g. Brooks and Whalley 2008; Koua, 
MacEachren et al. 2006) and rarely evaluate the effectiveness of a visualization. Research along the 
bridge, for example, using experimental settings for the evaluation of different visualization types for 
easing understanding of and gaining insight into a dataset (Rester, Pohl et al. 2007) is rare. 

3. The bridge 

In the case of geovisualization we typically have a small number of experts who work with large 
amounts of data in an applied setting. They employ complex visual tasks to better understand and gain 
insight into the data. The complexity of such a setting with its many influencing factors, such as the 
tacit knowledge of the user, may be best researched 'in vivo'. However, certain more generic aspects of 
a geovisualization application can additionally be researched in a more controlled environment with a 
larger number of informed participants and thus underpin the 'in vivo' evaluations. 

The four stages of our bridge are different methodical frameworks. We briefly describe those used in 
our evaluation of the graphical representation of numeric data through abstract symbols in 3D desktop 
virtual environments. Table 1 gives an overview of the specific or common characteristics of the 
different stages used when we employ this approach. The images in the table show how each 
visualisation might look like in the context of our particular research activity. 

Table 1. Characteristics of each stage along the bridge 

stage I stage II stage III stage IV
data type synthetic/random deer data SNP1 deer data SNP1 case data
variables two values # of visits per location # of visits per time 

and location
many

symbol single bars single bars bar charts bar charts
setting synthetic landscape realistic landscape realistic/real 

landscape
real landscape

# of tasks two, pre-defined seven, pre-defined some, open, insight open
task complexity low medium medium/high high
main sampling 
method

questionnaire
(quantitative)

questionnaire
(qualitative)

insight reports observation, interview

participants many (GI students) many (GI students and 
staff)

some (GI students and 
staff)

few (data-experts)

study design within-subject within-subject between-subject multiple-case
example
visualisation

3.1 Stage I 

Stage I consists of a controlled experimental framework that compares two different symbol types 
(bars with and without frames) in two different display settings (2D and 3D). The experiment 
participants complete two simple tasks: defining the higher of the two bars and judging the size of the 
smaller bar in comparison to the taller bar. The details of the framework and the results of this study, 
which enabled us to establish that task performance is no less effective but a little less efficient in the 
3D setting, can be found in Bleisch et al. (2008). We hypothesise that the participants taking longer in 
3D are also engaged in other processes such as assimilating and understanding the landscape. In the 

1 Swiss National Park 



Session 10A - Geovisualisation

287

experimental setting of stage I these cause a longer task completion time only. The usefulness of such 
processes can only be explored in more context-rich settings where, for example, comprehension of 
the landscape is important for the analysis of the data displayed – this may be where geovisualizationis 
most useful. 

3.2 Stage II 

Stage II sets up an experimental framework using a within-subject design. The data consist of 
aggregations of deer sightings and thus have some context. As in the first experiment the data are 
displayed as single bars. But, given the knowledge that low-level tasks can be achieved in the 3D 
setting, participants undertake more complex tasks that require more cognitive processes than in stage 
I - such as finding and relating patterns of deer sightings with regard to location and altitude. 

Initial results show that the times needed to perform the tasks have a high variance but in contrast to 
the experimental results of stage I efficiency is not significantly different between the interactive 2D 
and 3D settings. More differences are apparent between task completion times of the seven tasks, 
which are not equally complex (Figure 2). The user's confidence ratings, too, vary more between tasks 
than between 2D and 3D. 

Figure 2. Mean, standard deviation and min/max values in seconds for the log-normally distributed 
task times for each of the seven tasks in 2D and 3D (  = max value outside displayed range) 

3.3 Stage III 

Stage III moves another step closer to the applied side of the bridge. Having determined that more 
complex tasks are feasible in 3D and that performance is as good as in the 2D case, data and task 
complexity is increased by considering a temporal component. The data consist of aggregations of 
deer sightings for different times of the day. Adding this ‘data dimension’ requires that an additional 
information carrying dimension be employed and so the data displays are no longer single bars but 
rather bar charts accounting for the multi-dimensionality of the data. They are displayed in the virtual 
equivalent of the environment the data was collected in adding important context. In addition to pre-
defined tasks, the participants are asked to work with the visualisation and report the insights into the 
data gathered (North 2006). We will be interested in seeing whether and when the findings derived 
through experiments I and II hold. 

3.4 Stage IV 

Stage IV approaches the research aims in applied settings with data experts as typical in 
geovisualization. Case studies are valuable for studying single or few cases in depth (Gerring 2004) 
and learning about the real world applications of the findings of the previous stages. A multiple case 
design with a selection of diverse cases (Seawright and Gerring 2008) combined with cross case 
analysis enhances the representativeness of this method and allow us to compare less controlled ‘in 
vivo’ experiments involving expert users with those conducted ‘in vitro’ across our methodological 
bridge.
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4. Conclusions 

The selection of the stages as the bridge supports and their related research methodologies is driven by 
the increasing amounts of context, data and task complexity. We could select other criteria and then 
the stages might be positioned and methodologically defined differently. But, while exploring a 
dataset the user's effectiveness and efficiency is influenced by data and task complexity and the 
application context and that is the combination of aspects we want to analyse and gain insight to. 

The meta-framework presented in this paper experimentally explores the visualization of numeric data 
in 3D desktop based virtual environments by relating methodologically different research stages. The 
findings from each stage inform those that follow and results from later stages are related back to 
validate or question earlier ones and thus generating deeper understanding as we develop a ‘bridge’ of 
knowledge between 'in vitro' and 'in vivo' research. The results from the first two stages of the bridge 
sustain our position that this is a valuable research strategy which might also be applicable to other 
research topics in geovisualization. 
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1. Introduction

Map Generalization is the process by which coarse scale maps are to be derived from fine scale maps,
balancing the amount of real-world information with visual confusion, Robinson et al. (1995). This
requires the use of operations such as simplification, selection, displacement and amalgamation of
features that are performed subsequent to scale change. Recently, focusing on the attribute values of
the geometrical objects, some research has been on thematic maps, Liu et al. (2003), Steiniger and
Weibel (2005) and Revell (2007), with application in demographic maps, soil maps, land cover and
land use maps. In ecological, public health or epidemiological monitoring, presenting maps to decision
makers needs often to be “simplified” for better communication or privacy concerns, Waller and
Gotway (2004), Curtis et al. (2006).
For these situations, algorithms need to consider the ontology associated with the theme and/or
statistical clustering methods as well as geometrical transformations. In Leibovici et al. (2008) two
approaches were considered: performing sequentially geometrical and attribute generalisation
algorithms, or integrating the two types of transformations in a combined optimisation approach. This
paper extends the research on the second approach.
A general generic framework algorithm is described to allow competing optimization at each iteration
step. A similar approach is done in Neun (2008) using web services and multi-criteria selection and
collaboration filtering for orders of transformations, Foerster et al. (2008). The herein approach is
nonetheless seen as operating at a micro-level or atomic level, therefore proposing a real integration
between the two types of generalization. The paper focuses particularly on the spatial structuration
goal based on a spatial entropy approach. Emphasising on some potential extensions, this generic
approach allows also direct comparisons of the sequential and combined approaches, and the
possibility of testing families of operators in competition with more traditional ones.

2. Integrated Optimisation approach

This map generalisation approach aims to iteratively transform locally the objects of the map, in order
to give a "simpler" visual perception, while "preserving" most of the information. At each iteration, an
admissible transformation is selected among the collections of geometric transformations and attribute
transformations, increasing the most the impression of "spatial structuration" in the map. Within this
minimax strategy, only the maximisation is really part of the optimisation; the minimisation part is left
to the term of admissible: initial settings of transformations. A full minimax could be done either by
looking for the transformation with a maximum heuristic among all families of transformations but
minimum among its own family, or by adding a second heuristic.

2.1 Map characteristics
A map M is described by characteristics related to the objects composing the map: the geometry
characteristic geo, and the attribute characteristic att. Each characteristic is referring to some object
properties and is measured by one or more characteristic descriptions or variables.

For geo the characteristic descriptions, cgeo, can be (#vertices, circularity, orientation ....) as
here, the objects are seen as polygons, cgeo can refer to one or to the whole vector of variables.
For att the variables are the attribute variables (v1, v2, ...), but functions of these can also be
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used.
The circularity ratio, defined as 4 Area /Perimeter2, measures the compactness of the shape, with a
maximum of one for a circle, and a minimum limit of zero for a narrow and infinitely long shape. The
orientation of a polygon is not clearly defined here, but could be for example the collection of the
angles of the segments (making the polygon) and any functional derived from it. This characteristic
description could be useful when considering schematisation where one would like to "align" as much
as possible the polygons.

2.2 Characteristics classes
Either just by their different values occurring within the map or by a grouping associated to them, the
characteristic descriptions define for each characteristic a system of equivalent classes. cgeo has
kcgeo,classes, and catt has kcatt classes.
These classes illustrate the distributions of the characteristic descriptions (variables).For each
characteristic, each of the n objects in the map belongs to a particular class. During the generalisation
process, we have the option of keeping records of the changes of its membership, and/or transforming
the object for its characteristic variable values to match the one representing the class it belongs to,
e.g. for a numerical variable using the mean or median of the object values within the class, for the
#vertices variable, transforming "as much as possible" the objects so their number of vertices
(#vertices) gets closer the min or the median for the entire class of polygons, i.e. reducing the variation
within the initial classes.
Notice it would be possible to split the list of variables attached to a characteristic to define either a
multidimensional membership function, or sub-characteristics class memberships, by then enhancing
or refining the descriptions and differentiations of the objects of the map.

2.3 Micro Transformations
For attribute and geometric characteristics a set of transformations operating directly on the
characteristic classes and/or on the map objects allow the map to evolve to a generalised display.
Geometric transformations come from usual approach of operators in generalisation, Jones and Ware
(2005), whilst attribute transformations are derived from the general statistical clustering literature,
with or without spatial constraint, Leibovici et al. (2008).

2.4 Heuristic for Spatial Structuration
The Shannon entropy H(), of a distribution describing the spread and organisation of the information,
has already been investigated in GIS, e.g. Bjorke (1996). As the entropy increases the organisation or
structuration diminishes and become more uniform. This is illustrated by the fact that for k classes a
uniform distribution will have maximum entropy and a more spiky distribution will have lower
entropy, becoming zero for one class getting the entire sample. Using the same principle, the objective
function (Of) or heuristic value to maximise is, for a characteristic i, for a transformation Ti operating
according to the characteristic description ci on the map M:

where pk are proportions of the classes, (pk =0,the contribution to the entropy is 0). To take into
account the spatial domain, Li and Claramunt (2006) introduced some spatial weights in this formula,
in our approach the focus is on the distribution itself. As we are looking at spatial organisation, the
distribution of cooccurrences of classes is used instead, and pmk refers then with a multi-index mk to
the proportion of collocations within a given distance d of the classes expressed in the multi-index.
Figure 1 gives an explicit formulation of the collocation entropy, using the table of spatial
cooccurrences, here of order 3. Distance of collocation and order of collocation are then parameters of
this spatial entropy calculation. In order to normalise the entropy, regarding to the number of classes,
one can use the ratio to the uniform case, that is, pk =1/nci, or pmk =1/nci

3 for collocation entropy of
order 3, which gives an entropy of log(nci) or collocation entropy of log(nci

3). With normalised spatial
entropy using collocation distribution, the formula (1) becomes:
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For the attribute characteristic looking for more spiky distribution of cooccurrences of the classes will
clearly transform the map towards a "simpler" perception. For the geometric characteristic this is not
always obvious and depends on the characteristic description used. For example with the number of
vertices (#vertices) as characteristic description, having collocations of polygons with the same
number of vertices will not necessarily provide a simple perception, but if some polygons are already
simplified (a small number of vertices) the collocations with them will force the algorithm to simplify
the neighbourhood polygons as well.

Figure 1. Spatial Collocation Entropy and Algorithm to compute cooccurences table for
collocations of order 3

2.5 Combined Generalisation Algorithm
For each characteristic seen through their characteristic description, a list of transformation operators
has to be defined before running of the algorithm. These transformations are said admissible in term of
minimal or micro-transformations simplifying the map with underlined minimum loss of information.
Applying a particular transformation may have impacts on the other characteristic descriptions;
therefore the optimisation nonetheless combines the characteristics by looking for the best
transformation among the whole list of operators according to the heuristic given in equation (2) but
also needs to combine these heuristics. This is done either with a multidimensional optimisation:

where are families or lists of operators associated to the mentioned characteristic. With
a simple summation of the heuristics as they are always positive and they have been normalised, one
gets:
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Notice the multidimensional optimisation implies the use of a pseudo-order, here in dimension 2; for
more than 2 dimensions this may be preferred as the sum.
The use of one micro local transformation may lead to a non significant change in the heuristics, so a
strategy could be to increase the number of transformations (composition of operators) until a change
of the objective function occurs. The objective function will then look like:

where the minimality of ns means it is the smallest number such as the increase of the whole objective
function is “significant” (increase or threshold).. In other words, if for ns =1 there is no best T one
looks for the best so ns is set to 2, and so forth. The composition order of the ns operators
may play an important role in the optimisation

3. Further Discussion

The generic framework, developed with java using geotools libraries, will be available as a web
processing service. The flexibility of this framework allows exploring computationally and
algorithmically some properties of the integrated combined approach:

direct comparison of, and with, sequential approaches,
multi-competing optimisation
constraints setting
schematisation operators

Concrete examples will be demonstrating the potentials expressed in this abstract, in the domain of
demographic and public health mapping.
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1. Introduction  
 
Recent studies show that thousands of premature deaths every year in Europe may be associated with 
traffic air pollution (WHO, 2000). Emissions from vehicles affect the quality of the air we breathe 
and have the most impact close to where traffic is greatest, e.g., in the centres of towns and cities and 
near busy roads (DFT, 2004).  The real exposure of the urban population to many airborne pollutants 
could be different from (and often greater than) that measured by fixed monitoring stations, and it is 
the outdoor urban workers such as traffic police, parking wardens, street sweepers or newspaper 
vendor that are likely to undergo higher than average exposure to traffic pollutants (Violante et al., 
2006; Romieu, 1999). Studies have shown that the exposure of individuals to an air pollutant is 
dependent on their daily activity and the location and time allocated to these activities (Vellopolou 
and Ashmore, 1998).  
 
2. Leeds Study  
 
A study was carried out investigate the temporal and spatial variation of personal exposure of Leeds 
City Council parking attendants to two pollutants related to traffic and with known health effects, 
carbon monoxide (CO) and ultrafine particulates (UFP). Three areas (Figure 1) were selected 
according to the parking attendants’ usual location of work; two in the Leeds city centre (Park Row 
and Market Area) and one in a suburban area (Headingley). This choice was based on Gulliver and 
Briggs (2004) suggestion that a selection of different routes used for personal monitoring provides 
contrasting traffic conditions and therefore provides a wide range of exposure levels. Park Row area 
is characterised by several storey buildings on either side, predominantly businesses such as banks 
and restaurants. Market Area is mainly commercial in nature and is characterised by a busy bus 
corridor with several storey buildings on both sides. Leeds Market open car park is located at the 
centre of this area. Headingley area is approximately 3km North West of City Centre. A main radial 
route and bus-corridor into the city runs to the east of this area. The area has a varied environment, 
with a residential area in its centre and the presence of the Leeds Met University Campus next to it, 
generating high traffic throughout the terms.  
 
High resolution real time measurements (10s average) were taken in the three locations during the 
winter and the summer in 2007. A pilot survey was carried out in November 2006 to test the 
practicality of the data collection method. The CO and UFP measurements were taken by using the 
portable monitors carried out by parking attendants during their beats.  Portable GPS devices were 
carried by the parking attendants to locate their position and later match with corresponding CO and 
UFP measurements. The first set of CO measurements carried out by the parking attendants was 
undertaken for three days including a Saturday during winter in February 2007. Summer surveys were 
carried out in July 2007 also for three days including a Saturday. Data was collected from the start of 
the parking attendants work shift between 0700h and 0800h and ended at the end between 1600h and 
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1800. UFP data collection was also carried out during winter in February 2007 and during summer in 
July and August 2007. For the accuracy of the measurements, zero and span tests were carried out 
before each set of surveys with all CO and UFP monitors used for the study. 
 

 
Crown Copyright Ordnance Survey Map. An Edina/JISC supplied service. 

 
Figure 1: Study Area Location Plan  

 
 
2. CO Exposure Levels 
 
A total of 24 usable sample sets were available for analysis. These consisted of 17 CO sets (eight in 
winter and nine in summer) and seven UFP sets (three in winter and four summer). Average CO 
exposure levels in three areas are shown in Table 1. The CO daily mean concentrations were mostly 
below the UK National Air Quality Objective of 8ppm.  However there is a wide variation in 
exposure levels between the seasons and weekdays. Summer levels are higher than winter levels in 
Market Area and Headingley whereas this variation is small in Park Row. As expected weekday 
levels are higher than weekend levels indicating the influence of traffic activity. Figures 2-4 show 
spatial variation in personal exposure of parking attendants to CO.  These figures clearly show that 
there is a large variation in exposure levels depending on the location of parking attendants with 
respect to traffic activity. If the attendants were near busy roads (e.g. Otley Road in Headingley) or in 
street canyons (Park Row) then they are exposed to higher CO levels compared to the locations which 
are not near busy traffic (e.g. side streets). Market Area presents an interesting story; here parking 
attendants’ beats are near shops and in an open car park area where due to frequent stopping, stopping 
and idling of cars in search of parking spaces has created some hot-spots as shown in Figure 4. 
 
 
 
 
 
 
 

Park Row 

Market Area 

Headingley 
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Table 1: CO exposure levels in three areas 
 

Sampling Area and Day  CO (ppm) 

 Summer 2007  Winter 2007 

Mean Maximum Standard 
Deviation  

Mean Maximum Standard 
Deviation  

Park Row Weekday 1.388 5.330 0.820 1.178 4.155 0.378 

Saturday 0.888 3.421 0.433 0.428 4.406 0.482 

Market Area Weekday 1.204 5.860 0.708 0.270 3.008 0.332 

Saturday 0.767 1.902 0.241 - - - 

Headingley Weekday 1.782 9.255 1.483 0.380 4.091 0.543 

Saturday 2.196 4.922 0.414 0.314 4.532 0.436 

 
 

 
 
 
 

Headrow  

Otley 
Road   

East 
Parade  

Park 
Row 

Figure 3. Spatial Variation in CO Exposure 
Levels in Headingley 

Figure 2. Spatial Variation in CO 
Exposure Levels in Park Row 
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3. Ultrafine Particles Exposure Levels 
 
UFP are measured as number of particles per cm3 volume of air. There are no standards set for UFP; 
though fine and ultrafine particles have been linked with adverse effect on human health especially 
respiratory diseases (WHO, 2005). Contrasting to CO exposure levels, UFP levels are higher in 
winter than in summer by a factor of 2 to 3 (Table 2). UFP exposure levels are generally higher 
during AM peak hours compared to PM peak hours. Parking attendants in Park Row and Market Area 
are exposed to higher UFP levels than in suburban area of Headingley. Figures 5-7 show spatial 
variation in personal exposure of parking attendants to UFP. 
 

Table 2: Ultrafine particles exposure levels 
 

Sampling Area and Time UFP (particles/cm3) 

 Summer 2007  Winter 2007 

Mean Maximum 
Standard 
Deviation  

Mean Maximum 
Standard 
Deviation  

Park Row AM  42203 371084 29724 104413 308414 40993 

PM 32955 192924 20619 82033 361234 48155 

Market Area AM 31431 128484 13276 109884 302632 53884 

PM 39842 126777 18208 67861 226189 27936 

Headingley AM  32127 206011 26748 74615 234871 41450 

PM 31885 221301 23594 26193 201140 25639 

 
 

Figure Error! No text of specified style in document..1 -  co 
market 1407?? Eastgate  

Market 
Car Park   

Vicar 
Lane   

Figure 4. Spatial Variation in CO Exposure Levels in Market Area 
(c) Crown Copyright Ordnance Survey Map. An Edina/JISC supplied service. 
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UFP concentrations were highest in Park Row followed by Market Area and Headingley. The effect 
of traffic activity is clearly evident from Figure 5 where parking attendants are exposed to an order of 
magnitude higher UFP levels near busy roads compared to the residential area.  
 
4. Conclusions 
 
This study concludes that parking attendants are exposed to varying levels of pollutants in their beat. 
The variation in CO and UFP concentrations is directly related to the traffic activity and the 
topography and geometry of the area their work routes go through. The results presented here 
are preliminary and further analysis is planned. 

Otley 
Road   

Headrow  

East 
Parade  

Park 
Row 

Figure 6.  Spatial Variation in UFP Exposure 
Levels in Park Row 

Figure 5. Spatial Variation in UFP Exposure 
Levels in Headingley 

Eastgate  

Vicar 
Lane   

Market 
Car Park   

Figure 7. Spatial Variation in UFP Exposure Levels in Market Area. 
(c) Crown Copyright Ordnance Survey Map. An Edina/JISC supplied service. 
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1. Introduction 
 
With the rapid increase in the use of location-acquisition technologies (GPS, GSM networks, etc.), large 
amounts of spatio-temporal datasets will soon be accumulated. In different application domains, we need 
to represent moving entities, i.e. to collect the successive location positions of a given entity, which form 
the trajectory for that entity. For example, in the analysis of geographic events (migrating birds, hurricanes 
or people on the move) in Geographic Information Systems (GIS), information associated with a 
geographic event is described as a collection of positions, stored over time. 
 
The key idea is that moving entities are described by a sequence of positions in k-dimensional space. Each 
position in the sequence represents the entity’s location at a given time. Thus, a trajectory for a moving 
entity in a k-dimensional space is viewed as a line in a k + 1-dimensional space, where time is an 
additional dimension. 
 
In all these applications, there is a need to identify similarities on the temporal evolution of 
geographically positioned entities. For example, find all animals whose migration flow is similar to the 
swallow’s migration or to find all hurricanes that have a route similar to that of Katrina hurricane. So, we 
need to compare the evolution of movements and decide if they are, to a degree and according to some 
measure, close (similar).  
 
In most cases, the database in question are very large, so if the similar search leads to an exhaustive search 
in the database, the response time will be very long and the search will became ineffective, especially 
because data objects stored in modern databases involve high dimensionality. For this reason, it is 
necessary to introduce new techniques which can deal with this problem effectively. 
 
In recent years, the problem of similar searching in spatial-temporal data received the attention of several 
researchers. Most of the actual work in objects trajectories is focused on three aspects: data representation 
of trajectories, distance function to measure similarity between any two trajectories and an efficient 
similar searching technique.  
 
In order to deal with the high dimensionality of data objects, dimensionality reduction techniques are 
proposed. These techniques enable the use of a suitable indexing structure on the reduced objects, in order 
to provide an efficient similar search. The Symbolic Aggregate approximation (SAX) technique [1], which 
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is the first symbolic representation for time series, enables the use of existing text-retrieval techniques and 
algorithms developed for this context. 
 
The choice of a distance function which best represents the degree of similarity for trajectories depends on 
the application domain in question. Some of the functions used for moving objects are the Euclidean 
Distance (ED), the Manhattan Distance (MD), the Dynamic Time Warping (DTW), the Longest Common 
Subsequences (LCSS), the Edit Distance on Real sequence (EDR), the Edit distance with Real Penalty 
(ERP) [2] and the Extended Edit Distance (EED) [3]. Some of these distances are metric (ED, ERP and 
EED). When this distance is metric, the set of elements defines a metric space. 
 
In order to provide efficient similar searching, several metric data structures have been proposed [4, 5]. In 
these data structures, the database is divided into partitions which are based on distances calculated 
between a set of selected objects and the remaining objects. Space partitions seek to minimize the need for 
exhaustive search. This means that, at search time, some subsets are discarded and others are exhaustively 
searched. The distance-based indexing method may be pivot based or cluster based [4]. Some of the data 
structures using the pivot-based method are the Vp-Tree [6] and the Mvp-Tree [7]. There are variants of 
the pivot-based method, used in LAESA [8]. Some of the data structures using the cluster-based method 
are Gh-Tree [4], GNAT [9], Sa-Tree [10], KNN graph [4], LC [11, 12] and RLC [13, 14]. 
 
Our main goal is to evaluate the use and the efficiency of range queries in metric data structures in 
different application domains, such as geographic events, image and music processing. In this work, we 
address the problem of querying a hurricanes database using the RLC data structure with the Edit distance 
with Real Penalty (ERP). Work with similar progress is under way using the same hurricanes database, in 
which the data dimension was reduced using the SAX technique and the metric distance is the Extended 
Edit Distance (EED). 
 
Similar evaluations were realized in natural language dictionaries (English, French, German, Italian, 
Portuguese and Spanish) using the Levenshtein distance [14] and the Extended Edit Distance [15].  
 
The rest of the paper is structured as follows. In Section 2, we recall some basic notions on range queries 
in metric spaces. Section 3 summarizes the essentials of the RLC data structure, by presenting its 
definition and briefly describing how some algorithms work. Section 4 is devoted to the characterization 
of the metric space over trajectories data, while Section 5 reports on experimental results. Conclusions and 
future work are drawn in Section 6. 
 
2. Range Queries in Metric Spaces 
 
A metric space is a pair (U,d), where U is a set of objects, called the universe, and d: U x U  +

o is a 
function, called distance, that satisfies the three following properties:  

1. Strict positiveness: d(x,y)  0 and d(x,y) = 0  x = y ; 
2. Symmetry : d(x,y) = d(y,x)  
3. Triangle inequality: d(x,y)  d(x,z) + d(z,y). 
 

A database over a metric space (U,d) is a finite set B   U. Examples of metric spaces include the sets n 
(for any n>1) with the Euclidean distance or the set of all strings with the Levenshtein distance [14]. 
 
The problem raised by range queries is to yield the set of all database objects whose distance to a given 
object does not exceed a certain amount. Formally, given a database B over a metric space (U,d), a query 
point q  U, and a query radius r  +, the answer to the range query (q,r) is the set {x  B | d(x,q)  r}. 
 
Metric data structures seek to minimize the number of distance computations performed in range queries. 
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During the computation of a range query (q,r) in a database over a metric space (U,d), triangle inequality 
and symmetry are used to discard elements of the database without computing the associated distance to 
the query object. Given a query element q and a query radius r, an element x may be left out without the 
need for evaluating d(q,x). This will arise if: (1) there is a pivot p where |d(q,p) – d(x,p)| > r , in the pivot-
based method, or (2) x belongs to the cluster with center c and |d(q,c) – d(c,x)| > r, in the cluster-based 
method. In these cases, it is not necessary to compute d(q,x) since we know that d(q,x) > r, based on the 
triangle inequality. 
 
3. Recursive Lists of Clusters 

 
A Recursive List of Clusters (RLC) is a dynamic metric data structure, which was built on the List of 
Clusters (LC) data structure [12].  
 
3.1. Definition of RLC 

The definition of RLC relies on the notions of cluster and list of clusters. Let B be a database over a metric 
space (U, d). 
 
A cluster of B is a triple (c, r, I), where: 

The centre c of the cluster: c  B; 
The radius r of the cluster:  r  R+

o ;  
The interior I of the cluster is a subset of the elements of the database, excluding c, whose 
distance to c does not exceed r: I  {x  B | 0 < d(x, c)   r}. 

 
We denote by Oc,r,I the set I  {c} of all objects that occur in a cluster (c, r, I). 
 
The main property of a list of clusters, besides being a sequence of clusters with the elements of the 
database, is that any object belongs to the first cluster that may contain it. A list of clusters L for B is a 
sequence of clusters in B, L = < (c1, r1, I1), … , (cn, rn, In) >, for some n  0, that satisfies the three 
following properties: 

The set of objects in L is B: B = i=1
n Oci,ri,Ii . 

Clusters are pairwise disjoint, that is, for every i, j = 1, 2, . . . , n: i  j  Oci,ri,Ii  Ocj ,rj ,Ij = . 
Every element occurs in the first cluster in which it fits, i.e., for every i = 2, . . . , n, every x  
Oci,ri,Ii , and every j = 1, . . . , i 1: d(x, cj) > rj . 

 
In the RLC data structure, every cluster has the same radius. As a consequence, it is unlikely that all 
clusters’ sizes are similar. To accommodate the cases in which clusters have just two or three elements and 
those in which they have thousands of objects, clusters may be implemented in two different ways. 
 
Let  be a positive real number and  be a positive integer. A recursive list of clusters for B with radius  
and array capacity  is a list of clusters for B of fixed radius , L = < (c1, , I1), … , (cn, , In) >, for some 
n  0, that satisfies the following property, for every j = 1, . . . , n: 

If the size of the interior Ij does not exceed , Ij is implemented with an array; 
Otherwise, Ij is a recursive list of clusters (with radius  and array capacity ). 

 
Remark that an object may belong to several clusters, hierarchically organised. For the sake of the 
efficiency of the range query algorithm (to be explained later), every object x is associated with a 
sequence, which includes the distances from x to the centres of the clusters to which x belongs. 

 
3.2. Construction and Range Query Algorithms on RLC 
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Now, let us summarize the main steps of the RLC construction and range query algorithms. For further 
details, the reader is referred to [13]. 
 
The data structure construction is done by a succession of insertion operations. To perform the insertion of 
an object x in a RLC, the list is iterated until a cluster C = (c, , I) where x fits is found, i.e. d(x,c)  . If 
no such cluster exists, a new cluster (with centre x and empty interior) is created at the tail of the list. 
Otherwise, x will be inserted in I. Two distinct situations can happen: 

When I is an array, either there is space for an additional element, and the insertion into the 
array is performed, or the array is full. In this case, I becomes a new list of clusters where x 
and every object in the array are inserted. 
When I is a list of clusters, the insertion of x in I is (recursively) performed. 

 
In the range search algorithm, the list is iterated and the relationship between each cluster C = (c, , I) and 
the query (q, r) is established, based on the distance d(q, c) from the query point to the cluster’s centre, 
and on the two radii (  and r). Obviously, c belongs to the answer set iff d(q, c)  r. Four distinct 
situations can happen: 

If the query ball is inside the cluster, the search continues in the cluster’s interior and the 
iteration stops. 
If the query ball contains the cluster, all objects in the cluster’s interior are automatically 
collected into the answer set and the iteration continues. 
If the query ball intersects the cluster (without containment in either direction), the search 
proceeds in the cluster’s interior and the iteration continues. 
If the query ball is outside the cluster, the cluster’s interior is ignored and the iteration 
continues. 

 
Apart from collecting or leaving out entire clusters’ interiors, without computing the distances of their 
objects to the query point, objects are also immediately added into the answer set or dropped when the 
search algorithm reaches an array. To understand how this can be done, let x denote an arbitrary object 
and m=d(q,c) r. It can be proved that: 

If d(x, c)  m then d(x, q) > r (i.e., x does not belong to the answer set); and 
If d(x, c)  m then d(x, q)  r (i.e., x belongs to the answer set). 

 
This is why every object x in the database is associated with the sequence of distances from x to 
the centres of the clusters to which x belongs. 
 
4. Hurricanes Metric Space 
 
In this section, we present the hurricanes trajectories database, which were used in our experiments. All of 
them came from an Atlantic hurricanes database available in 
http://weather.unisys.com/hurricane/atlantic/.  The objects are hurricane trajectories and the metric 
function used is Edit distance with Real Penalty (ERP) [2]. Each hurricane is described by name, year, 
identification (id) number and temporal series, which represents the trajectory data associated. In our 
database, a hurricane is identified by the year and the id number. The trajectory data is defined for one 
specific moment (day, month and hour) with the associated position originally in latitude and longitude. 
These coordinates were converted to the x-y plane. So, our trajectory data is a time series S = <(t1,x1,y1), 
…, (tn,xn,yn)>. The hurricanes database is composed of 1,331 trajectories. From the original database, we 
eliminated duplicate hurricanes and those hurricanes with only one observation in the data set. 
 
In our experiment, the similarity between two hurricanes is based on the similarity between the associated 
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trajectories data, which is computed through Edit distance with Real Penalty (ERP). Let S = <(t1s,x1s,y1s), 
…, (tns,xns,yns)> and T = <(t1t,x1t,y1t), …, (tmt,xmt,ymt)> be trajectories data, let p = (xp,yp) and q = (xq,yq) 
points in x-y plane and let d be the distance between two points p and q, denoted by d(p,q), defined in 
Equation 1.  
 
 

d(p,q) =  (xp-xq)2 + (yp-yq)2 (1)

 
The ERP between S and T, denoted by ERP(S,T), is defined in Equation 2. This is a metric function, as 
demonstrated in [2]. 
 
 
     ERP(S,T) = 1..m d((xit,yit),(0,0)),  if n = 0; 
 
     ERP(S,T) = 1..n d((xis,yis),(0,0)),  if m = 0; 
 
     ERP(S,T) = min {ERP(<(t2s,x2s,y2s), …, (tns,xns,yns)>, <(t2t,x2t,y2t), …, (tmt,xmt,ymt)>)  
         + d((x1s,y1s), (x1t,y1t)), ERP(<(t1s,x1s,y1s), …, (tns,xns,yns)>, <(t2t,x2t,y2t), …, (tmt,xmt,ymt)>) 
         + d((0,0), (x1t,y1t)), ERP(<(t2s,x2s,y2s), …, (tns,xns,yns)>, <(t1t,x1t,y1t), …, (tmt,xmt,ymt)>) 
         + d((x1s,yst),(0,0))}, otherwise 

(2)

 
5. Experimental Results 
 
The goal of this section is to understand how RLC behaves with hurricanes databases. For each database, 
four files were generated. The smallest has 250 hurricanes randomly chosen from the database, and was 
used as the set of query hurricanes. The other three are random permutations of the hurricanes databases. 
The justification for making use of three equal sets (the databases) lies in the fact that the final shape of 
the data structure depends on the order in which the objects occur in the input of the construction 
algorithm. 
 
For each database, we submitted the set of 250 query trajectories with query radii 1, 2, 3 and 4. The 
average number of objects (and the corresponding percentage of the database size) retrieved by each query 
is indicated in Table 1.  
 

Table 1 - Average number of objects retrieved and corresponding percentage of the database.
 

Query 
Radius Number Percent 

1 5 0,38% 
2 16 1,20% 
3 28 2,10% 
4 41 3,08% 

 
The results obtained by the 250 queries in the hurricanes database are presented in Figure 1. The presented 
results are the mean of the results achieved by submitting the set of queries to the three databases, with 
query radii 1, 2, 3 and 4.  
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Figure 1 - Average number of distances computed to query the hurricanes database.
 
In an exhaustive search, for each query we need to compare the query trajectory with all the trajectories in 
the database. So, for each query we need to compute 1,331 distances. The average number of distance 
computations (and the corresponding percentage of the database size) retrieved by 250 queries is indicated 
in Table 2. The average number of the distance computations for each query is small, the percentages vary 
between 15,8% and 26,6%.  
 
Table 2 – Average number of distance computations performed and corresponding percentage of 

the database. 
 

Query Radius Distance Computations Percent 
1 210,33 15,80% 
2 254 19,08% 
3 299 22,46% 
4 354 26,60% 

 
These experimental results confirm that the RLC data structure minimizes the number of distance 
computations performed in range queries. During the computation of one range query in the 
hurricanes database, many of the hurricanes are discarded, without computing the associated 
distance to the hurricane query.  
 
6. Conclusions and Future Work 
 
The ubiquity of real world metric spaces with distinct features led us to evaluate the performance 
of range queries with the RLC data structure, in different application domains.  The experiment 
in [14, 15], evaluates range queries with the RLC over natural language dictionaries.  
 
In this work, we proposed a technique for speeding up range queries in a hurricanes database.  
With respect to the trajectories data representation and the Edit distance with Real Penalty (our 
metric space), we need to compare these results with our similar work over the hurricanes 
database, where the  trajectories data are described by symbolic representation, using the SAX 
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dimensionality reduction technique, and the metric distance is the Extended Edit Distance used in 
[15]. Once we have these results, we will select the metric space, which should leads to the best 
results in our range queries. Further on, we will need to evaluate the performance of range 
queries with the RLC data structure, i.e. to compare RLC performance with the performance of 
other metric data structures.  
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1. Introduction 

 

A growing public expectation for better local services and a new local government performance 

framework (The Audit Commission, 2008) means that local authorities are increasingly needing 

to use their data holdings to understand citizens. ‘Strong and Prosperous Communities’ (DLCG, 

2006) requires all local authorities to demonstrate that they understand their communities by 

deploying their local administrative data. The systematic analysis of large structured spatio-

temporal data sets is difficult, but Visualization and Visual Analytics (Thomas and Cook 2005) 

may provide solutions - the NVAC centres are supporting the visual exploration of geographic 

data in areas such as security and health (e.g. Bhowmick et al., 2008).  

 

2. Context and Rationale 

 

Leicestershire County Council provides services to more than 600,000 people. Its Research and 

Information Team uses rich innovative maps and graphics to inform evidence-based policy (e.g. 

Radburn, 2008). To extend this work researchers need access to visual techniques for integrating, 

synthesising and exploring large structured spatial data sets. Each has unique characteristics, and 

so generic packaged solutions can be inadequate (Fry, 2007). Alternatively, flexible visualization 

environments through which informative dynamic interfaces can be rapidly developed to suit the 

data and task in hand may empower local authority researchers in their analysis and improve the 

evidence base upon which decisions are made (Lloyd et al., 2008). 

 

The skills required to use these technologies are rare in local authorities and data sources are 

typically unexplored at present. We address this skills gap through the ESRC funded UPTAP 

programme which supports researchers in developing data analysis skills with the aim of 

Understanding Population Trends and Processes. An UPTAP User Fellowship has  enabled an 

LCC researcher (Radburn) to work with City University for five months to develop the 

visualization skills required in an important service delivery area – Libraries. Emerging 

technologies and developing techniques are being used to exploit previously unexplored data 

stores and gain knowledge of population trends and processes in Leicestershire  

 

3. Leicestershire Library Records 

 

Libraries must be sensitive to the changing needs, aspirations and requirements of their users - a 

challenge in the face of budgetary pressures and changes in modern lifestyles. Leicestershire 

Library Service (LLS) routinely collect data about the 400,000 residents who are registered with 

their local library in the TALIS database - one of the most detailed data sets that the local 
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authority possesses containing detailed customer behaviour and preferences (including lending 

records on books, films, and music) at 54 libraries across the county on a weekly basis. 

 

4. Approach  

 

Within the national libraries service readily available socio-economic data sources are used to 

profile communities (EMMLAC, 2005). But knowing your customer is different from 

understanding how they engage with the service. Just as supermarkets use data driven marketing 

techniques (Humby et al., 2003) the TALIS database could be used to understand which 

customers deliver what value and in what proportion through analysis of the spatio-temporal 

behaviour of library users.  LCC has already identified the utility of applying marketing 

techniques to a small sub-set of the TALIS database (Radburn et al., 2007) concluding that:  

 

i. there was no such thing as an ‘average’ customer 

ii. the classic Pareto 80/20 rule held (Novos, 2004) 

iii. those who visited the library most recently are more likely to revisit 

 

Analysing the data from all 54 libraries to see whether these characteristics are spatially variable 

could lead to information overload – hence the desire to use visualization to explore the following 

kinds of questions: 

 

i. Who are the best customers using the library service? Which areas are they living in?  

ii. How do priority groups use the library service? 

iii. Can the library database provide an up-to-date snapshot of the changing demographics of 

the local area? 

 

To address these types of research questions through visualization the fellowship consists of three 

stages: skills development, the production of bespoke visualization prototypes and the 

communication of the results to relevant communities.  

 

5. Preliminary Results 

 

Our initial manipulation and visualization of the TALIS database has employed the high level 

open design tool Processing (Fry & Reas, 2007; Fry 2008). Processing encourages an 

exploratory approach to data visualization as code linking graphical methods can be quickly 

configured and deployed. Feedback is rapid and graphical so data can be visually queried very 

efficiently (Fry, 2008). For example, the total book lending for Leicestershire’s 15,000 postcodes 

can be quickly visualized with basic interactions to display useful information about the data in a 

short ‘sketch’ consisting of a few lines of Processing code (Figure 1). 

 

The Processing environment is designed for small visualization projects consisting of a few 

pages of high level code that are rapidly modified as the process of visual enquiry progresses 

(Fry, 2008). Such sketches can be rapidly amended to show various characteristics of the data 

(Figure 2) and combine data from diverse sources (Figure 3). Useful snippets of code can be 

retained and incorporated to further simplify the process and ensure efficiency. For example a 

zoom function was added to the TALIS visualization from an emerging library of Processing 

functionality being developed at the giCentre. The learning curve involved in Processing is not a 

steep one and even these initial interactive graphics reveal complex spatial structure that has not 

been considered previously by LCC. 
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Figure 1. The structure of library usage in part of Leicestershire. Libraries are represented by 

shaded symbols sized according to annual loans.15,000 unit postcodes are sized according to 

annual loans in an interactive Processing application that zooms, pans and provides instant 

graphical details on demand. 
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Figure 2. Detail for part of Leicestershire selected through interactive functionality. Left - 

Symbol size and density reflects numbers of loans; Right – colour composites show proportions 

of loans in adult fiction (red), adult non-fiction (green) and other (blue) categories. An item of 

interest is interactively selected and detail provided through a rapidly responding and 

configurable graphical interface. 

 

 

 
 

Figure 3. Further detail around Hinckley showing RGB colour composites and an OS 

LandRanger backdrop. © Crown Copyright / Database right 2008. An Ordnance Survey / EDINA 

supplied service. 
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When compared to alternative development environments such as Flash or SVG, Processing 

provides high levels of flexibility in an environment that has the advantages of  being based upon 

(and sometimes drawing directly upon) a fully functional and robust programming language 

(Java). This means that it is extremely quick and enables us to calculate the positions of symbols 

and draw them to screen rapidly enabling large datasets to be visualized and animated very 

effectively. Consequently we can explore TALIS by considering libraries and customer types 

through combinations of highly interactive implementations of bespoke and novel graphics. 

 

These include: recency / frequency plots (Radburn et al., 2007) that segment behaviour and allow 

‘best customers’ to be selected and library profiles to be compared; spider plots showing the 

spatial relationships between libraries and customer locations; spatial treemaps (Wood and 

Dykes, 2008) in which space-filling layouts are utilised to generate data-dense graphics.  These 

can be conditioned by time, type of loan and other characteristics in Processing in real time. 

Evidence that morphing is beneficial for transitioning between graphical alternatives (Heer and 

Robertson, 2007) has led us to use develop novel interactions that vary the visual parameters used 

in graphics and rapidly morph between combinations of these techniques. Figures 4 and 5 show 

examples. 

 

 

 
 

Figure 4. – Interactions showing recency / frequency (RF) and spider plots. The former show 

numbers of users in recency (columns) / frequency (rows) quintiles, with most recent and 

frequent users at the top right. The ‘CHI comparison’ allows RF plots for interactively selected 

libraries to be compared, here revealing that Market Harborough has consistently fewer users in 

the low recency quintile and more recent / frequent customers. The latter link libraries with users 

(left) and vice versa (right). 
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Figure 5. – Fast animated transitions change spatial ordering from geographic coordinates in 

which RF plots overlap to a spatially ordered treemap in which they are distinguishable but retain 

some geography in their layout. The transition can be considered as ‘ordering’ and ‘visualization 

change’ in Heer and Robertson’s taxonomy. 

 

6. Summary and Conclusion 

 

The government is demanding that local authorities use local data more effectively and base 

decisions around customer behaviour. For library services a spatial approach to understanding 

users can help address the three questions that organisations need to answer when entering into a 

dialogue with customers (Novos, 2007):  

 

• What will you say? 

• Who will you say it to? 

• When will you say it? 

 

Visualization can help us answer these specific questions but the skill set required to 

develop and use flexible interactive graphical applications that suit particular 

combinations of data set and task (Andrienko et al., 2005) is rare in local authorities. The 

vizLib project is embedding geovisualization into an organisation through an investment 

in people and their skills, rather than the generation of software ‘solutions’ expected to fit 

all situations. Our initial work with Processing suggests that it is a promising approach 

for applied geovisualization that makes a number of novel and potentially useful 

visualization methods possible. Interesting trends have been noted and insights gained 

from our initial work as we compare libraries, customers and places and consider their spatial 

variation. 
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Improving the London GreenMap - Comparing Approaches to Displaying 
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1. The London GreenMap
The London GreenMap (London21 2008a) was the first web-based Green Map in the world and was 
launched in early 2004.  It is a core component of the activities undertaken by the London21 charity 
(London21 2008b), which is a network of community groups, individuals and representatives who 
work in all parts of Greater London to help create a greener, healthier and more sustainable city.  
Members of the network add information to the map about green organisations or events.  The general 
public can then browse the map and search the events (e.g. an eco-design fair, a lecture on corporate 
social responsibility) and organisations (e.g. green campaign groups, cultural and leisure activity 
centres, community groups) to find out what is happening in their locality.  They can also receive text 
messages about events taking place within a given radius of their home location and having themes of 
particular interest.  

There are around 1500 organisations listed in the London21 database and the GreenMap forms an 
important component of fund-raising exercises.  The ability to demonstrate, at a glance, the depth and 
breadth of organisations forming part of the network is fundamental.   However, the GreenMap is 
implemented on the Google Maps Application Programming Interface (API, Google 2008).  This 
provides the ability to overlay vector data (points, lines and polygons) onto the base mapping images 
supplied by Google, but cannot display large numbers of interactive points (see Purvis et al., Chapter 
7).  Currently, an unsatisfactory work-around has been implemented – the GreenMap displays a 
random collection of organisations (Figure 1). 

This paper presents the results of an investigation into improvements to the Green Map to meet the 
following requirements: 

• The ability to display all organisations simultaneously on the map, in under 30 seconds 
• The ability to click on any of these organisations and retrieve further information 

Given the wide range of technical skills and computational power within the user base of the 
GreenMap, any selected solution should be compatible with both the Internet Explorer and the 
Firefox web browsers, and perform well on a low-specification computer.  
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Figure 1 - Current London GreenMap showing 15 randomly selected Organisations

2. Potential Solutions 
A number of potential solutions were identified, as follows: 

• Option 1 - use vector drawing functionality (embedded in the web browser) to overlay the 
points on top of the Google Map.  For the Firefox browser, this is provided in the form of 
Scalable Vector Graphics (SVG, Mozilla 2008).  Internet Explorer uses Vector Mark-up 
Language (VML, Microsoft 2008).  Using a vector-based approach has the advantage that all 
points are created with interactivity.  However, additional code is required to redraw the 
points when the user zooms in or out (with the Google Maps API this redraw functionality is 
inbuilt)1. 

• Option 2 - Generate a series of raster images of the points at various different scales, and 
overlay these on the Google Maps.  This can has the advantage that performance is optimised.  
However, should a new point be added, the rasters must be regenerated.  No interactivity is 
possible using this approach.   

• Option 3- Clustering the points, where an evenly distributed sub-set of the points is selected 
for display (rather than the random selection used in the current solution).  Whilst providing 
interactivity, this solution does not meet the requirement to show the depth and breadth of the 
organisations data when zoomed out and was discarded. 

3. Performance Tests 
Performance tests were carried out using Options 1 and 2 above, and baseline tests were also carried 
out using Google Maps API point display functionality.  The tests were carried out on two computers, 
one having a 1.9 GHz AMD Athlon Processor and 1.5GB RAM and the other having a Pentium D 3 
GHz processor with 3.5GB of RAM.  These were selected as being fairly representative of the range 
of machines used by the end-users of the GreenMap.   

Performance measurement tools were used for the time measurements – Firebug (an add in which 
allows developers to edit, debug, and monitor live web pages) was used for FireFox and HTTP Watch 
Basic (which provides similar monitoring and debugging tools) for Internet Explorer.   

                                                          

1 Note that while SVG plug-ins are available for Internet Explorer, the use of plug-ins is felt to be inappropriate 
for the non-technical user-base of the GreenMap. 
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Tests were carried out for 0 to 1500 points determine performance changes as data volume increases.   
To exclude database query time from the test execution time, the organisation data was held as KML 
files. Each test was executed ten times, and it was assumed that the loading time for the Google base 
mapping is consistent over all the tests. 

4. Results 
Table 1 below summarizes the results obtained for the 1500 point test for the varying combinations 
of Firefox/SVG and Internet Explorer/VML on both slow and fast computers.   

Table 1 - Performance Obtained for 1500 points for the various Tests

Number 
of 

Points 

Test Average 
Loading 

Time (s) – 
FireFox/SVG 

– Slow 
Computer 

Average 
Loading Time 
(s) – Internet 

Explorer/VML 
– Slow 

Computer 

Average 
Loading Time 

(s) – 
Firefox/SVG – 
Fast Computer 

Average 
Loading Time 
(s) – Internet 

Explorer/VML 
– Fast 

Computer 

1500 
Google Maps 

API  100.00 128.00 35.78 107.00

1500 
VML and SVG 
without Icons 20.93 16.04 12.53 8.52

1500 
VML and SVG 

with Icons 24.58 108.00 12.15 8.77

1500 
Raster – (GMap 

Creator) 6.63 6.15 4.03 4.05

4.1 – Google Maps API 
In all cases 1500 points took over 30 seconds to display.  However, the Firefox browser performs 
notably better than Internet Explorer, giving almost acceptable performance on the higher-
specification ‘Fast’ computer. 

4.2 – VML and SVG 
The VML and SVG tests were divided into two parts – firstly the tests were run to display standard 
simple circles without images or icons.  The second round of tests associated existing GreenMap 
icons with each point to determine the impact these had on performance.   

For both VML and SVG, results for simple points were more than adequate for the GreenMap 
requirements. With icons, the Firefox browser gave adequate performance.  However, issues were 
encountered with Internet Explorer on the lower-specification computer, with an overall time of 108 
seconds to display 1500 points.   
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4.3 GMap Creator/Raster Approach 
         

Figure 2 – A Transparent PNGs created by the GMap showing all Organisations

The CASA GMap Creator (Centre for Advanced Spatial Analysis, CASA 2008) takes ESRI shape 
(.shp) files as input and generates transparent Portable Network Graphics (PNG) images at varying 
scales (Figure 2).  These can then be overlaid onto the Google Map base, as shown in Figure 3. 
Points can be coloured according to a theme (in this case, organisation type).   

Figure 3 – Results obtained from the GMap Creator – Organisations Coloured by Theme 

Results obtained using this approach were nearly identical for both browsers, and in all cases 
significantly lower than those obtained using the vector drawing approaches.

5. Comparisons  
Figure 4 shows a graph of the results obtained on the slower computer for all tests.  



Poster session

425

Comparing Methods - Slow PC
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Figure 4 - Comparing Methods for increasing numbers of points - Slow Computer

For the Firefox browser the use of SVG gives the required results for all datasets up to 1500 points, 
with a highest performance time of 24.58s.  However, an issue arose in Internet Explorer using VML 
in combination with images, with an average performance of 108s for 1500 points on the slower 
computer.   Given this, and the fact that good performance was obtained with the Raster Images in all 
cases, a compromise solution has been implemented.  When the user is zoomed out (over 300 points 
to be displayed), the raster images are displayed (see Figure 3).  When zoomed further in, the vector 
Google Maps points are displayed (see Figure 5).  The cut-off of 300 organisations was selected by 
examining the performance of the Google Maps API under varying point numbers (average display 
time for 300 points in Internet Explorer is 17.13 seconds, and for 400 points is 23.25 seconds).  

Figure 5 – Final Solution – Using Raster Images when zoomed out (see Figure 3) and Interactive GoogleMaps 
Points when Zoomed In

This solution does provide the ability to view the entire dataset of organisations, whilst maintaining 
some level of interactivity.  Additionally, the use of in-built Google Maps functionality to display the 
points avoids the requirement to write separate, browser-specific, code for the VML and SVG 
display.  However, as it is not currently possible to incorporate custom icons into the image, further
work is required to determine an appropriate method to replace the standard point symbology 
provided by the GMap creator.  A method to automatically re-generate the raster images is also 
required.    
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6. Further Work
An investigation into the slow performance given by Internet Explorer for VML with images may 
lead to a resolution of the issue described above, which may be caused by lack of image caching.  
Alternative combinations of vector and raster data (for example VML/SVG with Raster maps) could 
also be examined.   Further work could also take into account user preferences – users may prefer 
slower performance but with clearer icons and more interactivity. 
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