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1 Introduction

One kind of map commonly produced from the always increasing volume of available data is
made of “base” data acting as a backdrop map used for localisation purpose, on which data
related to a particular theme, of interest for the user, are overlaid (Jaara et al. 2011; Moseme
and van Elzakker 2012). In the rest of the paper, we call “data layer” a dataset stemming from
one source (authoritative or VGI), here considered internally consistent — i.e. reliability and
redundancy issues underlined by Sester et al. (2014) in the case of VGI data have been
handled before. We call maps composed of several data layers (each stemming from one
source), thematically multi-sourced maps. Here we consider maps composed of two data
layers: one base layer and one thematic layer. Most thematic maps have been based on this
two layers principle for decades (and were multi-sourced), but they have long been made
mainly by cartographic experts (Das et al. 2012). Recently, making and publishing such maps
has become much easier. Their potential is huge for the users, however, the risk is huge to
produce maps that are hardly legible or interpretable and can lead to bad decision making
(Jaara et al. 2011; Das et al 2012; Gaffuri 2011; Balley et al. 2014; Sester et al. 2014). This is
often due to a bad management of relations between the thematic and base layer. For instance,
Figure 1 shows an interactive, multi-scale web map presenting a pedestrian route suggested
by the authority in charge of a natural park in the neighbourhood of Paris. At default scale
when first entering the web site (a), too many pictograms showing points of interest along the
route are cluttered and hide a part of the route. Some of them actually correspond to
topographical objects present in the base layer that are visible from the route, e.g. the pound
highlighted in (b), which might therefore have been emphasised in the base map instead of
being hidden by an eye-shaped pictogram. Picture (c) shows an extract of the map at the
maximum zoom level that still enables to see the whole route. Because the geometry of the
route is not distorted to take into account the symbolisation of the underlying transport
network, it is hard to figure out e.g. what ratio of the route is on a footpath vs on a bigger
road, or what portions follow a pedestrian route equipped with signs (magenta line in the base
map) — two pieces of information that could be expected at this scale when choosing for
which walk to go.

We think that explicitly reasoning on spatial relations between foreground and background
layers is a necessity to produce “good” thematically multi-sourced maps. This paper is a
position paper inspired, between others, by this challenging sentence from Ormeling (2011):
“Despite all advances in digital generalisation, no overall generalisation theory has been
worked out, nor are there convincing solutions for digital generalisation of all relationships
between cartographic objects”. It aims at three things: (1) examine the role of relations in the
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particular case of thematically multi-sourced maps, and what theoretical knowledge we have
about their evolution through map scales (Section 2); analyse what kinds of spatial relations
should be considered, when and why, and how they have been used and modelled in previous
research (Section 3); propose a first list of open research issues related to the use of explicit
spatial relations to improve thematically multi-sourced map making (section 4).
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Figure 1. Bad legibility in a map showing a suggested pedestrian route!

2 Relations and their generalisation in thematically multi-sourced
maps

2.1 Role relations in thematically multi-sourced maps

Maps in general are used to support decision making or analysis. Generalisation aims at two
things: abstracting the content of the map so that it fits to the target scale, and graphically
represent this content in a legible way (Mustiére et al. 1999). It has regularly been claimed
that on a map, relations between features (horizontal relations in the framework of Bobzien et
al. 2008) are as important as the features themselves or even more important, and must be
carefully taken into account during generalisation (e.g. Papadias and Theodoridis 1997; Ruas
and Mackaness 1997; Mackaness and Edwardes 2002; Touya et al. 2012).

Now, topographic maps are generalist and supposed to represent the ground with a neutral
point of view, therefore on such maps, spatial relations between objects are preserved at best,
and caricatured (e.g. through displacement) depending essentially on legibility threholds. In
contrast, thematic maps are focused on a particular theme, which should thus obviously be
emphasised, i.e. made particularly legible with respect to the backdrop layer. It is therefore
needed to generalise the backdrop data more than for topographic data alone at the same scale
— Das et al. (2012), who studied conflicts in web maps built from VGI data, claim that the
density is generally too high for the intended level of detail (LOD) in such maps, and that it
even increases when a foreground thematic layer is added. Moreover, not only the thematic
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layer itself is of interest for the user, but also the relations perceived with the backdrop data.
For instance, a particular car accident happened on a particular road, close to a particular
junction (Jaara et al. 2013; Gould and Cheng 2013). Such relations are spatial relations (the
point representing the accident is topologically included in the line representing the road or
very close to it, and close to the junction), and they are associated with a semantic by the user
depending on its application (the accident happened on that road, possibly because of the
proximity of the junction — or an accident has just happened on that road, which is therefore
likely to be congested in the neighbourhood of that junction). In other words, the backdrop
data provide a spatial context to the thematic data in order to make sense of them (Sester et
al., 2014). Indeed, the Open Geospatial Consortium defines “base maps, data or layers” as
“Spatial data sets that provide the background upon which more specific thematic data is
overlaid and analyzed” (OGC, 2014).

2.2 What knowledge do we have on the evolution of relations through map
scales ?

If no overall theory of generalisation has been worked out (Ormeling, 2011), some theoretical
statements have been made about the processing of spatial relations during generalisation.
Bobzien and Morgenstern (2003) propose to express model generalisation as a mathematical
function, and identified a number of spatial relationships that should be invariants of this
fonctions, i.e. that should be preserved during model generalisation: topological relationships
of adjacency and inclusion, reachability (of a place by a network) and relative position (e.g. of
point objects with respect to a linear object that is simplified). Duchene et al. (2012) formalise
the rule, well known to traditional cartographers, that automated cartographic generalisation
should detect and caricature spatial relations that are “almost present” but not completely and
therefore introduce visual noise in the map — e.g., when a building is almost parallel to a road,
after generalisation it should either be completely parallel to it, or clearly not parallel to it.
Regarding thematic maps, Jaara et al. (2013) state that when their scale decreases, not only
the content of the background and foreground layers, but also the background-foreground
relations should often be, (1) abstracted to fit the level of detail that can be expected from the
target map (if the difference of LOD is high enough), and (2) caricatured to improve their
legibility and intelligibility (Jaara et al. 2013) — in both cases, in a way that takes into account
the aim of the map. They take the example of a car accident happening close to a junction, in
an accidentology map: at smaller scale, the accident would be represented at the junction to
clearly indicate that it is considered a “junction accident”.

3 Explicitly managing spatial relations between base and
foreground data: what relations, when, why and how?

Making a thematic map (single or multi-scale) from a thematic and a base layer, is a form of
on-demand mapping (Balley et al., 2012) and consists in several steps among which, in short,
at least the following two ones are influenced by the spatial relations between foreground and
background objects: (1) integrate the thematic layer and one base layer (if several available)
that best fit to it; (2) from this initial (base + foreground layers) combination, generate one or



17th ICA Workshop on Generalisation and Multiple Representation, Vienna, 23 September 2014

more combination(s) that fit the expected level(s) of detail and a given goal, either by
generalisation or by “migrating” (as defined by Jaara et al. 2013) the thematic layer on base
layers of lower LOD.

3.1 What kinds of relations?

The spatial relations considered at different stages of the process can be described from
different perspectives :

— Existing (this route is locally very close to the road) VS expected (wished) relations (this
route should be locally equal to the road)

— In terms of genericity, relations holding at the level of an instance (this accident is close to
that junction) VS at a level of a population of instances (a feature type) (all accidents are on
roads)

— In terms of symmetry, « hosting » VS « peer-to-peer » relation. Jaara et al. (2013) defined a
thematic object “hosted by” a background object as a thematic object that is topologically
included in the base object, both also having a strong semantic relation — e.g. accidents are
hosted by roads, they exist on roads. This definition would deserve to be refined, since the
topologic inclusion might not be a necessity. Cycle routes “aligned with roads”, considered
in the use case of Balley et al. (2012), can be considered a hosting relation — the road
network hosts the cycle routes. We suggest the term “peer-to-peer” relation for cases where
the relation is more symmetric, like when a route passes north to a particular point.

3.2 When, why and how to use foreground-background relations?

Regarding the integration stage, (Sester et al., 2014) state that the integration of thematic and
background layers should ensure that relations between both layers make sense, i.e. that (1)
thematic and backdrop data have been integrated, and (2) the semantic of the relations is
known. This first supposes that the semantic of the thematic layer itself is known. It can be
described with the standards of the semantic web, by annotating the thematic layer (feature
type) with an ontology, as in the prototype of expert geoportal set up by Toomanian et al.
(2013). In this study, the annotation of the thematic layer was done manually, but Klien
(2008) proposes a method to do it semi-automatically by analysing the existing spatial
relations between thematic and backdrop data, with the support of an ontology describing
expected relations for given types of thematic features.

To support the conflation process that is part of integration, both spatial relations existing at
instances level, and expected relations defined at types level, are used. Most data matching
processes analyse existing spatial relations between instances. In the framework by
Toomanian et al. (2013), some expected (prohibited, in their case) relations are defined at type
level (acting as integrity constraints), as well as rules stating the expected relations between
instances depending on the ones existing in data before integration. Feliachi et al. (2014)
integrate data from the semantic web with topographic data based on the semantic of both
data and hypotheses on expected spatial relations.

Once foreground and background data have been integrated, it is possible to generalise the
combination. Making the relations existing at instances level between the thematic and
backdrop features explicit is a form of data enrichment that can help guide generalisation.
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More precisely, with a constrained-based approach (as defined by Harrie and Weibel (2007)),
constraints can be defined that enable to identify expected relations at instances level
depending on initial ones. Such constraints could encourage to keep a particular feature rather
than to prune it so that the relation does not disappear, of to modify the thematic feature after
generalising the backdrop feature so that the final expected relation is respected. Previous
studies have specifically concentrated on the representation and processing of relations at
instance level during generalisation in constraint-based approaches, to preserve them at best
(Gaffuri et al. 2008) or even to exaggerate them (Duchéne et al. 2012). Edwardes (2007,
p.169) deals with the graphic generalisation of foreground point data while preserving their
topological relations with background data, while using a deformation grid constrained by
meshes of the road network.

Instead of generalising the integrated (foreground + background) combination, generating a
lower LOD can be done while replacing the backdrop data with a lower LOD backdrop
dataset and re-locating the foreground thematic data on it. This is named thematic data
migration by Jaara et al. (2013), who propose a method based on data matching between the
backdrop datasets, and a multi-criteria decision approach to relocate the thematic data on the
matched features of the target dataset. Existing relations are made explicit at instances level in
the larger LOD combination, and conditional transformation rules enable to express expected
relations at lower LOD at instances level as well. Stern and Sester (2013) study the migration
of polygonal data from a large scale to a small scale map, guided by statistical rules defining
expected relations at the data type level (rather than on features). These rules are inferred
from the relations identified at instances level at large scale. Edwardes (2007, p. 169-170)
proposes a process to migrate thematic data using an elastic grid: a grid constrained by the
backdrop objects (road partitions) is created at initial and target LODs, and the foreground
objects are migrated by a Laplacian transformation. Here only the relative position between
each foreground object and the border of the mesh it belongs to are considered.

Finally, Gaffuri (2012) defends the idea of computing and storing explicit relations between
(possibly multiple) thematic and backdrop layers in the case of web mashup maps, so that
maps presenting only features matching a given spatial query can be quickly compiled —e.g. a
maps of pizzerias that are close to metro stations.

3.3 How are relations between foreground and background instances
modelled?

To our knowledge, only a few studies have specifically dealt with the modelling of relations
between thematic and backdrop data at instances level. Touya et al. (2012, 2014) proposed an
ontology-like modelling of spatial relations relevant for on-demand mapping and
generalisation and, based on a survey of previous studies, a taxonomy of commonly defined
constraints on those relations. This model has been extended by Jaara et al. (2013) for the case
of foreground-background relations, and used for thematic data migration of points hosted by
a road network. The study by Maudet et al. (2013) explored the adaptation to generalisation of
a framework from the multi-agent domain that models the case where some objects “host”
other objects and influence their behaviours. It was first experienced with topographic data
only, but using it for backdrop data hosting thematic data was identified as a perspective and
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is currently under study. In the context of 3D city models, Bucher et al. (2012) proposed an
extension of the CityGML model with a framework to describe relations between features,
both at geometric level and application level (closer to the user’s understanding).

4

Improving multi-sourced DLMs and DCMs using explicitly
modelled relations: a first list of open research issues

From the above discussions, we identify a first list of open research issues related to the use of
explicit base-foreground relations in thematically multi-sourced maps (and, actually, DLMs),
which we hope can be discussed and enriched during the workshop :

Is it possible to set up a taxonomy of thematic-background relations commonly found in
maps, expressed not only at geometric level but also with some semantic attached (e.g.
points along a network can be events that can be aggregated, or landmarks for which
aggregation has no meaning)?

Can we exhibit computational methods to identify existing foreground/background
relations?

Is it possible to formalise generic knowledge describing how a given relation at a given
LOD is “allowed” to be transformed at a less detailed LOD? Does it vary a lot with the use
case (i.e. data types * intended use)?

Is it possible to associate typical relations with typical LODs, in the same way as typical
representations of features are associated to CityGML LODs ? How much does it depend
on the considered used case?

Indeed, is it possible to exhibit typical use cases?

How much can we help a user annotate his own thematic data with metadata describing
their semantics, based on thematic-backdrop relations automatically detected in the data?
How should the presence of thematic data influence the generalisation of the backdrop
data? In particular in the case of selection, how does it modify the importance of the
features?

Can we set up SDIs, based on an MRDB DLM/DCM structure for backdrop data and an
ontology of thematic-backdrop relations, that would be able to integrate external thematic
data at the relevant LOD, and derive meaningful maps at lower LODs? Could these kinds
of processing be compatible with on-the-fly mapping? How to combine data migration and
generalisation to achieve this?

If the base data are pruned at any LOD according to the thematic of the foreground layer,
how much would the base data of a given LOD vary from one thematic to another one? Is it
possible to exhibit “universal” base data?

Managing an MRDB means having explicit vertical links between different representations
of the same features in the different LODs. What could we still do if we do not have such
vertical links, but still different base datasets at different LODs?

How much are the integration of thematic data at a given LOD and the generalisation of the
map different, depending whether “hosting” relations with the base data can be identified,
or only “peer-to-peer” relations?
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