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This paper analyses the difficulty in fulfilling the user requirements related to geo-information general-
isation. Despite the fact that this is a long-standing research topic, the results are not satisfactory and
therefore there is a very active research community trying to better meet the expectations of the users,
both at the side of the geo-information producers and at the side of the geo-information users.

It is argued that part of the difficulties are due to the fact that the generalization problem is not spec-
ified formally enough. Therefore, currently the most important benchmark for the generalization soft-
ware is the work of human cartographers doing manual generalization, supported by automated tools,
and includes subjective aspects such as taste, resulting into artistic solutions. So, a very important, inter-
mediate, research goal is formalizing the generalization problem.

In addition, the expectations of the users are growing over the past years and will continue to do so in
the future: faster updates propagated between different scales, ever growing size of geo-information, sup-
port for vario-scale (instead of just multiple fixed scales), integration of formal semantics and computa-
tional geometry techniques, support for 3D representations, and so on. This paper identifies the current
state of the art and provides descriptions of further research and development directions in generalisation.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

This special issue of Computers, Environment and Urban Sys-
tems (CEUS) is devoted to the long-standing, but still very active,
research field of generalisation. Since the early days of using com-
puters to handle geo-information, it has been the desire of both the
producers and users of geo-information to fully automate the pro-
cess of map generalisation so that the geo-information can be re-
used for a range of details or scales. Presentations have been made
and publications distributed on this topic at every geo-information
congress, such as International Cartographic Association (ICA),
International Society for Photogrammetry and Remote Sensing
(ISPRS), and International Federation of Surveyors (FIG), as well
as at every geo-information conference, such as Auto-Carto, Spatial
Data Handling (SDH), Geo-Information Science (GI-Science), Con-
ference On Spatial Information Theory (COSIT), and Urban Data
Management Symposium (UDMS). Many journal publications can
be found on generalisation and multi-representation, for example
in the past volume of the journal Computers, Environment and Ur-
ban Systems there were at least four papers directly related (Chau-
dhry & Mackaness, 2008; Kiester & Sahr, 2008; Nöllenburg,
Merrick, Wolff, & Benkert, 2008; Tomko, Winter, & Claramunt,
0198-9715/$ - see front matter � 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.compenvurbsys.2009.07.001
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2008) and many more papers indirectly related, that is applying
generalization and multi-representation techniques in a specific
application domain. Quite a few textbooks have been published,
and many PhD theses have been devoted to generalisation (see lists
of these two categories in the References section). In addition,
many workshop series and seminars are specifically devoted to this
topic, and solutions for dedicated problems are becoming available
in commercial software as well.

The results of all of these on-going research and development
activities indicate a paradigm shift towards native multi/vario-
scale support by re-engineering geographic data and providing
tools for data providers and end users to apply these data at any
desired level of detail. This requires that spatial objects be man-
aged over a range of resolutions (see Fig. 1), allowing for seamless
transition when zooming through data. No matter what happens at
each resolution (for instance, buildings may be mutated into a set-
tlement limit), the user will be able to reference information across
those resolutions in a consistent way. The goal of multi/vario-scale
support is to deliver the right amount of information at the chosen
level of detail without any contradiction between representations
at different scales. This will enable decision-makers to quickly
make correct decisions based on reliable, easy-to-understand loca-
tion information.

Finding automated solutions for generalising and deriving
consistent multiple representations requires a multi-disciplinary
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Fig. 1. A range of map scales of the same area (� Kadaster).
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approach, because those based on a single discipline have been
inadequate. Contributions are needed from digital cartography,
knowledge engineering, computational geometry, computer
graphics, and cognitive science. This multi-disciplinary approach
was the starting point for a series of seminars organised at the Sch-
loss Dagstuhl–Leibniz Center for Informatics in Wadern, Germany
(see http://www.dagstuhl.de), including the following:

� Seminar 09161 Generalization of Spatial Information, 13–17th
April 2009.

� Seminar 06101 Spatial Data: Mining, Processing and Communi-
cating, 5–10th March 2006.

� Seminar 03401 Computational Cartography and Spatial Model-
ling, 28th September–3rd October 2003.

� Seminar 01191 Computational Cartography and Spatial Model-
ling, 6–11th May 2001.

� Seminar 99381 Computational Cartography, 19–24th September
1999.

� Seminar 9645 Computational Cartography, 4–8th November
1996.

This multi-disciplinary approach was also applied in a series of
workshops conducted under the umbrella of the ICA Commission
on Generalisation and Multiple Representation (see http://
ica.ign.fr), including the following:

� Montpellier, France, 20–21st June 2008.
� Moscow, Russia, 2–3rd August 2007.
� Portland, Oregon, United States, 25th June 2006.
� La Coruña, Spain, 7–8th July 2005.
� Leicester, United Kingdom, 20–21st August 2004.
� Paris, France, 28–30th April 2003.
� Ottawa, Canada, 7–8th July 2002.
� Beijing, China, 2–4th August 2001.
� Barcelona, Spain, 21–23rd September 2000.
� Ottawa, Canada, 12–14th August 1999.
� Gävle, Sweden, 19–21st June 1997.

This special issue contains a selection of contributions that were
presented in their preliminary form at the last ICA workshop in
Montpellier, France, 20–21st June 2008. Selected authors were in-
vited for possible publication in the CEUS special issue and asked to
submit a more-developed follow-up article that included changes
based on discussions at the workshop and/or new developments
related to the topic of their paper. The papers were all reviewed
by at least three independent reviewers. After the first round of re-
views, the conclusion was that all the papers to be included needed
at least some major revision. The revised papers were again re-
viewed by three independent reviewers, and this resulted in a final
minor revision for each of the seven accepted papers, which are in-
cluded in this special issue. It is expected that readers will appre-
ciate this strict quality control and enjoy the variety of
generalisation research topics covered in this collection.

First, Section 2 is a re-examination of why consistent represen-
tations at multiple scales, or even vario-scales, are important from
the user’s perspective and presents a number of application areas
(i.e., use cases) that appear to require this approach. Next, Section
3 describes a growing problem that occurs as the most detailed
representations (that is, the datasets that are largest in scale) in-
crease in size, while users are simultaneously expecting quicker,
more up-to-date data delivery. This is a complex puzzle that chal-
lenges even the major Information and Communication Technol-
ogy (ICT) players, whose attempts to provide solutions include
products such as Microsoft Live Maps (www.maps.live.com) and
Google Maps (www.maps.google.com). However, as indicated in
Section 4, these solutions have serious drawbacks, and more re-
search and development are still needed. Since a fully automated
solution for generalisation is not yet available, an interim solution
might be to maintain a set of multiple representations. However,
this will bring its own challenges, because semi-redundant infor-
mation needs to be consistent. When performing updates, care
has to be taken that this consistency is maintained by propagating
relevant parts of changes from one scale to another (and again, if
possible, with a minimum amount of human interaction). Section
5 elaborates on the various aspects of multiple representation dat-
abases. Another challenge is to provide solutions for continuous or
gradual generalisation (described in Section 6)—that is, by not
sticking to the well-known fixed map scales. Applications of the
techniques might include support for smooth zooming and pro-
gressive transfer in a client–server setting. Perhaps the complexity
of generalisation can be best explained by comparing this chal-
lenge to machine translation of one natural language (e.g., Dutch)
to another natural language (e.g., English). In the early days of
information technology, it was expected that with digital dictio-
naries and a few grammar rules, this problem would be relatively
easy to solve. History has proven otherwise, and we are still strug-
gling to automate the translation of natural-language text. The key
problem is that the machines do not ‘understand’ the content of
the text and therefore cannot always make the right decision.
The same is true for generalisation: to make the right decisions,
computers must better understand the world behind the represen-
tations. We have to make the knowledge explicit and create links
between formal semantics and computational geometry ap-
proaches (see Section 7). Finally, Section 8 of this paper provides
an overview of the papers included in this special issue.

2. Multiple or vario-scale use cases

Everything happens somewhere, and the ever-increasing infor-
mation provided in maps helps us understand more about the nat-
ure of location. We can plan better by knowing more about where
events happen, manage risk better by evaluating the impacts on
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Fig. 2. Mobile devices requiring vario-scale support.
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people and assets at a location, and use our resources better by
knowing more about the environment we are living in. While maps
have historically been produced independently at different scales,
the tasks carried out by today’s users require support at multiple
levels of detail (scales) or even vario-scale support. Some of the is-
sues maps should address today are the following:

� spatial/physical planning—national, provincial, and municipal
plans must all fit together;

� crisis management—incidents have defined procedures at differ-
ent scale levels that must be coordinated among a variety of
individuals, from workers in the field to the mayor or the minis-
ter. Also, different incidents have different information needs,
ranging from a local incident requiring large-scale information
(e.g., a fireworks factory) to global incidents requiring small-
scale information as well (e.g., Mexican flu);

� land cover classification—detailed provincial and national data
must be harmonised to European Union (EU) levels;

� massive community-generated content—together, citizens volun-
tarily collect massive quantities of spatial data, which need to
be aggregated, ranging from counting species of flora and fauna
to following tracks and traces by mobile devices;

� mobile map use—more and more geo-information is used in
mobile applications (see Fig. 2), and depending on the specific
query, users may want either an overview map or a detailed
map, and they may want to smoothly switch between the two.
Smooth zooming (continuously changing scale in an animation
style of visualisation) is also urgently needed, because the lim-
ited size of the screens can cause users to become easily disori-
ented when jumping between scales.

It is obvious from these examples that the different levels of de-
tail must be consistent, otherwise the losses to society could be
huge, ranging from expensive legal conflicts to serious casualties,
and perhaps even fatalities in the case of crisis management. Na-
tional Mapping and Cadastral Agencies (NMCAs) are endeavouring
to deal with their legacy databases, trying to maintain consistency
across the different scales. But it is far from obvious how to achieve
this under conditions of ever-growing datasets (see Section 3) and
increasing frequency of updates. Furthermore, the problem is even
less well resolved for massive community-generated content or
application data within Web 2.0.

3. Large geographic datasets

Detailed geographic datasets are among the largest highly
structured datasets maintained. For a single nation these datasets
already contain hundreds of millions of identifiable objects at a
single moment in time. For many applications this high level of de-
tail is necessary, but, as indicated above, users also need consistent
medium and lower levels of detail in representations of the same
area. These are called generalised, or aggregated, representations.

NMCAs maintain these levels of detail separately due to the com-
plexity involved in automatically generating a lower level of detail
from a higher level. Currently, this is often implemented in com-
pletely separate ‘production’ lines and update cycles based on differ-
ences between original purposes. Furthermore, at a given scale
different visualisations of the data may be needed for different appli-
cations. These huge geographic datasets are continually growing
due to growing demands for additional data, such as the following:

� More data providers now also include history, resulting in sev-
eral versions of the same object.

� Instead of 4- to 6-year update cycles, pressure is growing to pro-
vide more frequent updates (databases with daily updates are
already operational in some countries).

� More and more types/classes of geographic objects are system-
atically collected; for example, the Infrastructure for Spatial
Information in the European Community (INSPIRE) directive
requires 34 different themes (INSPIRE, 2007).

� Due to the ever-increasing pressure on space, there is a need to
describe themes at an increasingly higher level of detail and
accuracy.

It is clear that we are moving from hundreds of millions to hun-
dreds of billions of objects that have to be managed, maintained,
kept consistent, and served to the end-users, and all under growing
cost pressure. The emergence of the EU’s INSPIRE Directive has
introduced a new dimension to the problem: the need to view spa-
tial objects at ranges starting from a continental level, through a
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national and provincial level, to the local level, while seamlessly
zooming into the largest scale of the object available—for example,
from a view of the entire River Rhine down to a detailed view of the
river at any point along its course. While progress is being made on
the ability to fulfil such a requirement, a consistent framework for
consistent handling of the continuum of levels of detail is not being
defined. The EU directive INSPIRE, articles 8 and 9, which requires
data to be consistent between scales and themes, and also between
neighbouring regions/countries, provides a non-trivial challenge.
The only way an end-user can interact with these huge datasets
is via multi-scale or vario-scale representations and related tools
in which end-users are barely aware of the transitions between
the different scales.

Furthermore, the tendency exists not only to publish the result-
ing map representations (geographic datasets), but also to hold
links from the map objects to the original observations (field-
work/survey plans, GPS traces, ortho-photos, remote sensing data,
and other types of imagery, which can amount to a volume of data
of 100s of Terabytes). Finally, there is also a trend towards includ-
ing large volumes of user-generated (shared) content for which the
multi-scale requirements are equally important. In summary, this
is a BIG DATA-management challenge. Introduction of multi-scale
or vario-scale solutions (levels of detail/aggregation levels) enables
the management and use of these huge datasets for a range of
applications, including those mentioned in Section 2.

4. Commercial solutions and current limitations

From the early beginnings of handling geo-information in digi-
tal environments, software developers have attempted to auto-
mate the process of generalisation of geographic information.
Traditionally for the production of different map scale series, but
more and more in other contexts as well, such as the desktop/
web/mobile use of geo-information, the need to process, handle,
and understand possibly huge masses of data has existed. A rea-
sonable set of commercial software tools (see the References sec-
tion for a list) is available to solve parts of the generalisation
process. However, the overall generalisation process has not yet
Fig. 3. Multi-representation databases
been fully automated, including topographic base data and addi-
tional thematic datasets in a large range of scales/level of details.
In using multi-scale data, some existing products such as Microsoft
Live Maps (www.bing.com/maps) and Google Maps (maps.google.
com) do seem to offer a satisfactory user experience, especially
in very smooth navigation between different scales (and regions).
However, this is limited in a number of different aspects:

� Specific themes only—navigation, orientation, and no consis-
tency across the EU.

� Static data—no real-time updates as needed in, for example, cri-
sis management.

� Absence of temporal/historical data, current data only.
� Brute-force redundancy (15–20 explicit levels of details).
� User-added content not automatically adapted at different

scales.
� Sophisticated data schemas (i.e., with rich semantics) not

supported.

Using these existing technologies in a time-critical crisis-man-
agement scenario, such as the coordination of a large rescue oper-
ation, would be impossible. All current solutions for supporting
different levels of detail are based on (static) copies that are
(redundantly) stored at these levels. This makes it impossible to
dynamically adapt the map to new information and to changing
context of the user. In addition to the classic geo-information visu-
alisation requirement (i.e., supporting different scales), which has
been only partially solved, new requirements also exist for gener-
alisation, making it even more difficult. For instance, generalisation
should be dynamic and suitable for progressive transfer. Further-
more, objects to be visualised have expanded in dimension, as in
the emerging fields of 3D and temporal data.

To make further progress in automated machine generalisation,
both the semantics of the spatial information and the user needs
should be further formalised. Methods and techniques from the
semantic web might be useful in this formalisation, and tools from
knowledge engineering could be applied in the actual generalisa-
tion based on reasoning (see Section 7). Interpretation of spatial
(Zhou, Regnauld, & Roensdorf, 2008).
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constellations or situations is a process that is closely linked to hu-
man capabilities and can be formalised using formal semantics;
e.g., Web Ontology Language (OWL), Ontology Definition Meta-
model (ODM). Making implicit information explicit is necessary,
not only for many spatial analysis problems, but also for aspects
of information communication.

Spatial data also pose exciting questions for the algorithms-
building and data-structuring communities. It is vital that special-
ists in the field of computational geometry meet with the spatial
data community to exchange ideas, pose problems, and offer solu-
tions. Most algorithmic problems arising in that field are indeed
geometric. In this context it must be noticed that the focus is more
and more on 3D (and 3D plus time) geometric computations (see
Section 7). In this respect, generalisation operations and the result-
ing data have to be understood as processes, which will allow a
broader and more flexible usage and re-generalisation when
changes in reality have occurred. For a mass market (e.g., consum-
ers of mobile maps), the human factor is very important. The cur-
rently available solutions (often mobile maps) still have
inadequate user interfaces. The issue of context is extremely
important, because users can get ‘lost’ very easily on small mobile
displays when zooming and panning (see Section 6). Based on a
selection of use cases, such as navigation and tourist support,
user-centred design techniques should be applied to evaluate the
interaction and the quality of the maps.

5. Multiple representation databases

As indicated in the introduction, a multiple representation data-
base (MRDB) may be seen as a data producer’s issue. However, it
could also be considered as a data user’s issue when the user starts
to develop applications exploiting the MRDB, for example, to
smoothly navigate from one representation to another representa-
tion. As shown in Fig. 3, this results in a large number of related
datasets for which consistency should be maintained—a task that
has already gone beyond the capabilities of NMCAs in Europe
and around the world. It should be noted that multiple representa-
tions do not always have to be related to different scales and the
links between the objects at these different scales in the MRDB.
An example of multiple representations at a single scale is two
geometries that represent the same feature, for example, a polygon
representing the road area needed for one set of applications and a
polyline representing the road centre-line needed for another set
of applications. This principle is applied within the Netherlands
Cadastre in the Topographic data for scale 1:10,000 (TOP10NL),
which indeed has two different representations of road networks
for different applications: road centre-lines for car navigation and
areas for road maintenance. Whatever type of multiple representa-
tions is intended, it is tempting to perform the maintenance and
data collection only at the level of the base datasets and propagate
this via the links in the MRDB to the related representations.

Although all National Mapping Agencies (NMAs) currently have
different representations for different scales (i.e., an MRDB), a short
poll of the NMA participants at the ICA 2008 workshop made it
clear that the explicit links between the various representations
are almost never maintained in practice today. So, one could in-
deed pose the question of whether these are true MRDB solutions,
where one does expect some explicit support for multiple repre-
sentations, for example, links. Within IGN France1, one situation
was mentioned where explicit links within an MRDB are maintained,
but this was related to yet another type of multiple representation:
1 In other countries there are related developments; in addition to France
(Lecordix, Gallic, Gondol, & Braun, 2007), also in Belgium (Féchir & De Waele, 2005)
and in some of the German Bundeslander (Stoter, 2005).
the link between objects is their base Digital Landscape Model (DLM)
to the Digital Cartographic Model (DCM) at the same scale; the hor-
izontal line in Fig. 3. The current situation in France is that it is still
difficult to build, and especially maintain, these links. At the mo-
ment, the UK Ordnance Survey has links only at the conceptual level
in their data modelling framework. Another form of multiple repre-
sentations was mentioned by users of the Ordnance Survey data: the
‘plan, build, live, extend, tear-down’ cycle for handling geographic
objects. Users talk about real-world objects that are not always also
represented on a map, but they are interested in a particular phase of
the geographic object (in which objects might not even exist; e.g.,
only as a plan). Updates generate history and versions of representa-
tions. Do we need temporal links for those kinds of multiple repre-
sentations? A fundamental question here is whether or not an
object and its identity change. How one sees the concepts versus
the reflection in the physical model (e.g., using the same identifier,
or a link to different identifiers) is important in this instance. In sum-
mary, several types of multiple representations can be identified due
to:

1. differences in scale;
2. DLM-DCM separation;
3. temporal/life-cycle (plan, realise, modify, remove); and
4. one-object multiple geometric representations (e.g., road area/

centre-line, or building a 2D footprint/3D detailed model).

All of these types of representations are related and certainly
not mutually exclusive. For example, updating will produce history
(temporal versions), but must also be applied to both DLM and
DCM at the different scales for each of the geometric representa-
tions of an object. In some countries the DCM is occasionally even
more up to date than the DLM. This is caused by the fact that man-
ual work is needed when going from DLM to DCM, when at the
same time higher requirements exist in actuality (e.g., as was the
case in Spain at the ICC). Besides the technical aspects of how to
design and use an ideal multiple-representation model, another
important aspect is whether it is worthwhile for the data produc-
ers to implement such a model, which includes smart links. This
requires a huge effort by the NMAs, with clear costs, to create all
of the required links. But what are the benefits, and are these only
for the data producer or for the data user as well? NMA itself can
then benefit from update propagation. And users can in the end
benefit from higher update rates. It is further necessary, when
the links are initially created/added, that the edit tools support
maintaining the links. An interesting development is that not a sin-
gle organisation may be responsible for the content of an MRDB,
but that the data are increasingly maintained by a ‘collective net-
work’. Each actor can have different update rates in such a net-
work. Are NMAs in this network the big integrator in which they
maintain one very large geographic database? What is their future
role? Regarding authentic registrations, for example, should NMAs
always be able to re-create a geographic situation at a specific mo-
ment in time?

6. Continuous/gradual generalisation

Continuous generalisation is a term that implies smooth trans-
formations when switching between scales, that is, when perform-
ing generalisation for a continuous scale range. However, in reality
these scale changes are often small steps, much smaller than the
fixed number of scales now typically produced by NMAs. Continu-
ous (or smooth) zooming may use these small steps in combination
with ‘display’ techniques such as morphing, shrinking and fading.
A number of different motivations can be listed for generalisation
resulting in gradual perception:
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1. user interface aspect: smooth zooming (continuous);
2. data management aspect: non-redundant data storage (com-

pared to multiple representations); and
3. data communication: progressive transfer of refinements.

When trying to put into practice smooth or gradual generalisa-
tion, one should realise that different users might have different
preferences for different themes. In a user interface this could be
specified via theme/object class sliders indicating the relevance
of the different themes. The resulting continuous scale representa-
tion should then be created based on user preferences, and for all
scale levels representation should be consistent. An example in
which two different approaches (models) supporting both gradual
generalisation, even reflecting the same theme, should not result in
inconsistent representations as in the context of terrain/elevation
modelling. One approach is to have a raw point/triangle-based rep-
resentation that can be queried at different scales to select the
appropriate number of points/triangles. Another approach is to
model the critical points—peaks, pits, and saddle points—and base
the generalisation structure on the merging of the neighbouring
critical points. For example, two peaks and a saddle point can be
merged to form one peak, and resulting structure can be stored
in a graph. Furthermore, a third approach is in use at the NMAs
and that is generalisation of the terrain elevation based on contour
lines. Even if this might be considered the same theme (elevation),
keeping these different multi- or gradual-scale representations
consistent is an issue.

One option to enable non-redundant representations when
implementing smooth zooming is to apply more procedural tech-
niques. This should in principle work in both directions: from a de-
tailed to a coarse procedure (e.g., a procedure to collapse two
neighbouring buildings) and from coarse to detailed (in this case
the procedure does need some ‘delta’ information as input param-
eters). Especially in the case of re-occurring patterns, a procedural
approach may be efficient (as in the PostScript printer language).

Does it matter for gradual generalisation whether the theme is
related to discrete (e.g., man-made objects, roads, buildings) or to
more continuous themes (often natural; e.g., elevation and vegeta-
tion)? The answer to this question is not so clear. However, it is
obvious that there are differences. For example, currently a set of
10 building polygons may be generalised to three building poly-
gons (on the next smaller scale), then to one built-up-area polygon
(next smaller scale), and finally represented by a point (on the
smallest scale). How does one deal with this in the context of con-
tinuous generalisation? In summary, there are many open ques-
tions in the field of continuous/gradual generalisation.

7. Semantics and computational geometry

Members of the ‘generalisation research community’ feel
strongly that both formal semantics (theories and tools) and com-
putational geometry (theories and tools) are needed to somehow
solve the map generalisation challenge (see the success of the Dag-
tsuhl seminar and recent publications). However, the two theories
and tools are currently quite far apart: computational geometry
needs well-defined (geometric) problems as input, and a small
re-phrasing of the problem statement may lead to a completely
different problem and solution. On the other hand, formal seman-
tics might try to function in an environment that is less well de-
fined (and contains at times even contradictory information).

Still, it is quite plausible that with the help of formal semantics
it will be possible to develop more flexible solutions, that is, to
avoid hard-coding everything (e.g., which computational geometry
solution to apply to which objects/situations), and to use some
generic intelligence to characterise this and apply the correct com-
putational geometry solution. Taking generalisation as an example,
it may be beneficial to characterise the problem area (say, rural or
urban environment) and impose some hierarchical classification of
object types (e.g., on the top level: natural versus man-made, then
further refinement). Then a decision can be reached, based on for-
malised knowledge, as to which solution to apply. Also, the users’
wishes and requirements could be formalised, for example, using
semantic web technologies (and therefore being applied in a more
flexible solution). Once these characteristics have been defined,
computational-geometry tools could be used in two scenarios,
namely: (i) to analyse a specific dataset or collection of instances
and attach to this the proper characterisation (including more
complicated patterns) and (ii) after having characterised the situa-
tion and understood the user requirements, the reasoning process
(based on formal semantics) could determine which computational
geometry tool to apply in which situation and in which order.

Despite the above-described complementary value of the two
approaches, it is not yet clear how the benefits could be obtained
in practice. Perhaps one could try to realise some kind of hybrid
system that would manage the collected generalisation knowl-
edge. The system could be considered as an ‘automated designer’
for the development of a generalised process in a specific situation,
given datasets and user preferences. Or perhaps more modestly
stated, the system could orchestrate the workflow within the gen-
eralisation process. In any case, it is fair to state that more research
is needed in this area.

8. Overview of accepted papers

It is easy to say that generalisation is a difficult problem and
that current commercial software solutions do not yet provide sat-
isfactory results. But for a fair evaluation of the various solutions in
the form of software products, it must be explicitly known what is
required in the generalisation process. This is the first result pre-
sented in the paper by Stoter et al. (2009). The paper proceeds by
describing the evaluation of the generalisation results of four cases
tested by different generalisation software products, taking the
NMA requirements into account. As both human and machine
evaluations are applied (with possible inconsistencies), the two
have to be combined into a final evaluation. The paper concludes
with reflections on the developed methodology and identifies areas
for further research.

The paper by Stanislawski (2009) focuses on a specific general-
isation problem: the pruning of a hydrographic network and re-
lated drainage areas. As is often the case, the existing dataset did
not explicitly contain all the information as used in the pruning/
generalisation rules, so first a data-enrichment phase was applied
assigning relative prominence to the network features. Using the
enriched dataset, it was then possible to perform good-quality
pruning; this was applied to a test area of 48 sub-basins at the
1:24,000-scale, which was pruned to the 1:100,000-scale. The re-
sults were then compared to the benchmark dataset: the standard
(and independently produced) 1:100,000-scale hydrographic data.
Finally, an indicator, the coefficient of linear correspondence (CLC),
was developed to estimate the matching between the two datasets.

Accepting the fact that fully automatic on-the-fly generalisation
is not feasible and that datasets for several scales have to be main-
tained, the challenge is then to create an environment in which this
is most possible. In the paper by Zhou, Regnauld, and Roensdorf
(2009), a solution is proposed that supports update propagation
between different scales. The results of the interactive generalisa-
tion process, which were a mix of manual and automated actions,
are reflected in a directed a-cyclic graph. The graph includes the
features with different scales—the generalisation operators and
the applied parameter values—between them. In addition to repre-
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senting the full generalisation history, the model also includes the
feature versioning mechanism, which is of course closely related to
the update process. The proposed solution has been implemented
in the Gothic object-oriented database management system.

Also, the paper by Chaudhry, Mackaness, and Regnauld (2009)
accepts the multi-scale representation approach. In the paper the
authors argue that, for topographic base maps, the ‘functional per-
spective’ has advantages over the ‘geometric perspective’ (as, for
example, used in the hydrographic network generalisation in the
paper by Stanislawski). Functional compositions, such as hospitals,
airports, or cities, are the key elements. They are modelled using
various relationships such as partonomic, taxonomic, and topolog-
ical and lend themselves directly to analysis in general and gener-
alisation in specific. However, first the functional units have to be
detected (again, through data enrichment, as this information is
not available), and the authors present an approach that borrows
ideas from robotic vision. The paper then shows how the dataset
enriched with explicit functional units can be used for multi-scale
representation and generalisation.

For machines to perform high-quality generalisation in a fully
automatic process in the future, somehow the ‘implicit’ knowledge,
as used by humans when reasoning about geographic concepts and
when performing generalisation based on these concepts, must be
made explicit and available for machines. The paper by Lüscher,
Weibel, and Burghardt (2009), tries to formalise some of these con-
cepts. The paper uses the example of buildings in a city and devel-
ops a (partial) ontology for this. A method is presented to classify
the different (building) objects in a map according to the ontology,
given the fact that there is a certain amount of ‘vagueness’ in the
definition of the concepts. Supervised Bayesian inference is used
for inferring complex concepts, such as the example used of the
English ‘terraced house’ concept. Further, classification tests were
conducted on datasets representing buildings in four different cit-
ies. The research supports integrating vague, but important,
knowledge about conceptualisations in cartography and therefore
enables better generalisation.

It is quite realistic to assume that the future will bring more and
more 3D geo-information, whereas today 2D geo-information still
dominates. It is therefore likely that the need for generalisation
will grow for various applications in 3D, among which is, of course,
efficient 3D visualisation. In their paper, Glander and Döllner
(2009) describe their initial attempts to use 3D generalisation tech-
niques in the context of visualisation of large city models. Their
emphasis is on satisfactory interaction with the users, and the sys-
tem must therefore present the 3D information at the most rele-
vant abstraction level, that is, distance- and importance-based.
The authors used the infrastructure network to create the several
levels of aggregated representations, for example, groups of build-
ings are replaced by a more abstract 3D ‘cell block’. Also, a land-
mark hierarchy is computed and related to more abstract
representations. In a number of examples, the authors show the
use of their techniques and demonstrate smooth visualisation of
transitions among pre-computed representations including dy-
namic landmark highlighting.

The authors of the last paper in this special issue attempt to
eliminate the fixed scales that are so well known. A modest
attempt is made to set up a vario-scale environment, with the con-
dition that when ‘arriving’ at the well-known (fixed) scale, the var-
io-scale based representation should be equal to its fixed-scale
counterpart. van Oosterom, Dilo, and Hofman (2009) explain their
approach to providing good-quality vario-scale representations.
The presented structure is a single non-redundant representation,
which can be queried at any arbitrary scale between the source/in-
put data scales. The input consists of the largest scale and (one or
more) smaller scale datasets, which act as constraints in the gener-
alisation process. The generalisation process results are captured in
a structure that contains accurate geometry of the large-scale ob-
jects, enriched with the generalisation knowledge of the med-
ium-scale data. Real topographic data in the large (1:1000) and
medium scales (1:10,000) range from two Dutch cities, Almere
and Rotterdam, where they were used for validating the proposed
method.
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