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1. Motivation

As part of the progression of information age, internet users are increasingly able to
participate actively in the appearance and content of the internet, what has been resul-
ted in the term "Web 2.0" (O’Reilly 2005). As a result, some projects have been initi-
ated prescribing the collection of spatial data with the help of a crowd, what is now
known mainly as crowdsourcing (Martin et al. 2008). That evolved a kind of “neogeo-
graphy” (Turner 2006) respectively “neocartography” (Gartner and Schmidt 2010)
which expresses in form of “maps 2.0” (Crampton 2009). OpenStreetMap' is probably
the most well known project in this context and is meanwhile well established. Now a
large number of maps exist, that are derived solely from that user-generated (Good-
child 2007) “geomassdata” (Zipf 2009). But many of these maps can only be used with
low requirements to the graphical quality (Zollinger 2008). One reason for this can be
seen in a lack of applicability of cartographic generalisation. Probably the most widely
used web mapping method is the representation in form of interactive, "free" scalable
map displays, colloquial called “slippy map” (e.g.: OpenPisteMap?, OpenCycleMap?,
WheelMap*, OpenTopoMap®, etc.). These are usually created completely automatic
and displayed on the internet as tile-based map.

The processing of such huge datasets needs adequate spatial data structures for fast
and efficient data processing respectively generalisation. This is regularly a tile-based
structure for slippy maps. Cartographic generalisation has to fit to this structure, espe-
cially for automatic computation, update and on demand request of tiles. Changes in
the corresponding data as well as the query of single tiles happen within an heterogen-
eous spatial frequency. Frequently obtained tiles get processed regularly and scarce
obtained tiles are only processed on demand. In consequence, generalisation should
just be applied to local changes and not to the whole dataset. Therefore, it is important
to enhance the automatic computation of tiles, colloquial called “rendering”, with con-
cepts of on-the-fly generalisation, for keeping the tile-based mapping process flow
completely automatic.

However, it must be considered that the claim, of keeping the process flow auto-
matic, cannot be fully satisfied for all requirements of cartographic generalisation. For
this reason, it is necessary to include also supporting concepts of data pre-processing,
like MRDB, in the deliberations.

openstreetmap.org
openpistemap.org
www.opencyclemap.org
wheelmap.org
opentopomap.org
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In summary, the general claim of this paper is to analyse the specific impacts of tile-
based mapping on the applicability of automatic cartographic generalisation with an
examination of possible architectures for enhancing tile-based mapping with carto-
graphic generalisation subsequently. Thus this paper provides the basis for further
research activities which will be focused on the development and integration of appro-
priate generalisation strategies in the context of tile-based mapping.

2. State of the art

Tile-based mapping is a very new technology in cartography, which is fundamentally
based on the quadtree data structure (Samet 1990). Only very few publications exist on
tile-based mapping currently. Most authors just describe and analyse the whole process
flow of tile-based mapping systems (Sample and Ioup 2010; Jurk 2010; Smith 2008) or
show how to implement such a complex system (Kunz 2012; Hearn 2011; Naumann
2010). As these are related to the processing of geospatial information, tile-based map-
ping is just one facet of their descriptions. The publication “Tile-Based Mapping
Transitions in Cartography” (Peterson 2012) has the claim to give a first impression of
the implications that occur with that new technology for cartography. In result, it is
mainly also a description of the basic technology, at least with the focus on carto-
graphy. Aspects of digital cartographic generalisation have not been analysed so far.

This is also true for publications related to the cartographic generalisation of user-
generated geoinformation. Zollinger (2008) did a common analysis of one specific
OpenStreetMap- Visualisation, while the application of cartographic generalisation was
just one aspect. He identified a variety of graphical lacks which are partially the result
of missing generalisation (e.g.: Zollinger 2008: 20). In conclusion, only fundamental
operations like semantic selection and symbolisation are applied to automatic tile-
based mapping.

The concept of “on-the-fly-generalisation” is mainly used in the context of interact-
ive cartographic applications, as it applies techniques of automatic generalisation in
real time (Weibel and Burghardt 2008). Therefore it is predestined to enhance tile-
based mapping with automatic generalisation. On principle, all currently existing
algorithms for generalisation that run linear or logarithmic could be applied in this con-
text (Glover and Mackaness 1999, Sarjakoski and Sarjakoski 2004). As most of them
are not efficient enough for real time generalisation, there is still much need to develop
fast respectively adapted algorithms. Additionally, on-the-fly-generalisation is not
applicable to all arising generalisation tasks. Therefore some complementary publica-
tions combine on-the-fly with pre-processing. On the one hand spatial data structures
can be used to support on-the-fly-generalisation (Oosterom 1989, Oosterom 1995).
That has already been implemented by using hierarchical data structures (Burghardt et
al. 2004, Mustafa et al. 2006) or by using reactive data structures (Petzold 2003). On
the other hand the concept of multiple representation databases (Kilpeldinen 1992) was
already used to realise on-the-fly-generalisation (Sederberg and Greenwood 1992,
Neun et al. 2004, Bernier et al. 2005, Cheng et al. 2009). Comprehensive concepts,
which refer especially on the impacts of tile-based mapping and the corresponding
applicability of on-the-fly-generalisation are not existing so far.

Recent developments aim at the deployment of interoperable systems in the context
of cartographic generalisation, with the intention of providing generalisation function-
alities on the internet (Edwards et al. 2003, Neun and Burghardt 2005, Foerster 2010).
This is based on Web Processing Services (WPS) standardised by the OGC (Open
Geospatial Consortium). WebGen-WPS (Foerster et al. 2008) enables a generic gener-
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alisation of spatial data via the internet, independent of platform or processing lan-
guage. As the main goal is to develop a generic framework for cartographic generalisa-
tion, this technology is assumed to pre-compute data.

3. Cartographic generalisation and tile-based mapping

The term "tile-based mapping" is neither in geographic information sciences nor in sci-
entific cartography an established expression. Therefore this chapter starts by a term
definition. The essential parts for implementing generalisation are identified simultan-
eously. Afterwards, special impacts for the applicability of generalisation to that tech-
nology are described.

3.1 Tile-Based Mapping

The term "tile-based" contains the properties of the basic visualisation method, signify-
ing the display of an overall picture based on the combined representation of single
tiles. A technique that has for a long time only been used to efficiently convey com-
puter graphics (Sample and Ioup 2010). Accordingly, the combined visualisation of a
digital map is called “tile-based map”, or colloquial “slippy map.” Since Google has
implemented this type of digital map display in 2005, it was very well received by the
users. Even without an appropriate technological background, it is by now familiar to
nearly everyone who is using modern internet technologies. The biggest advantage is
the ability to scale and shift an interactive digital map display. In result, the user can
view a scalable and shiftable map. Especially this property can be understood as the
origin of the mainly used term "slippy map."
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Figure 1: Schema for Tile-Based Mapping.

"Tile-based mapping" indicates the process of creating the required tiles for a corres-
ponding web map (see Figure 1). That term outlines both all manual configuration
steps as well as the automatic tile computation, colloquial named “rendering”. The map
editor defines the cartographic parameters containing rule-based information about the
cartographic symbolisation and the virtual storage location of data sources. This is typ-
ically defined in a structured text file, e.g.: XML (Extensible Markup Language), com-
parable to the SLD- (Styled Layer Descriptor - OGC 2007) and SE-Standards (Sym-
bology Encoding - OGC 2006). At this point manual “cartographic generalisation”
(Griinreich 1985), like semantic selection or symbolisation, is feasible (see Figure 2).
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These abstract manual operations imply a huge amount of mental processes performed
by the cartographer, subsequently referred to as cognitive performance. Simultan-
eously the data sources can be prepared manually in dependence of requirement. That
preparation necessitates manual or automatic geometric pre-generalisation (see Figure
2), perceivable as “model generalisation”. Afterwards the editor initialises the render-
ing software with the cartographic parameters and starts the rendering. The computa-
tion of a set of tiles is subsequently done iteratively and fully automated by the ren-
derer (cf. Figure 1). At this point only automatic geometric generalisation is applicable,
as no manual user intervention is intended to the standard workflow.

The entire display area has to be divided into a logical structure of tiles for each pre-
defined scale (“zoomlevel”). The corresponding WMTS-Standard (Web Map Tile Ser-
vice) for this decomposition was defined by the Open Geospatial Consortium (OGC
2010). It is based on the unofficial TMS-Standard (Tile Map Service), which was
defined by the Open Source Geospatial Foundation (OSGeo 2006a). Parallel an unoffi-
cial standard for visualising tile-based maps via Web Map Services (WMS) was inven-
ted, the so called WMS Tiling Client Recommendation (WMS-C) (OSGeo 2006b).

Manual Definition of Style Information

i, R |
o

pre-generalise data

Y

Cartographic
Parameters

Figure 2: Schema for editing cartographic parameters.

Finally, the whole process chain of tile-based mapping and the following visualisation
of a tile-based map is summarised to the term ,tile-based mapping system.* It contains
all necessary aspects beginning with rendering tiles over storage management up to the
final display via API (application programming interface).

3.2 Impacts on the applicability of generalisation

Describing the impacts of tile-based mapping to the applicability of generalisation,
implies the need to distinguish between two basic differences for influencing general-
isation. On the one hand there are impacts by the whole process flow of tile-based
mapping systems. These are mainly aspects like rendering performance, tile storage or
server technologies. These aspects have no impact on the applicability of generalisa-
tion but on the decision whether generalisation at all and which concept could be
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applied. On the other hand, there are impacts by the fundamental technology of tile-
based mapping. Meaning, the computation of small tiles for a well defined area in a
well defined scale to assemble them afterwards as an overall map display, as illustrated
in Figure 3. The solitary rendering of map-tiles has direct impacts on the applicability
of generalisation, precisely on the applicability of generalisation operators (e.g.: dis-
placement, simplification, etc.). Researching these impacts will be subject of this sub
chapter.

The first main restriction of tile-based mapping is the treatment of geometries that
belong to more than one tile or are located at the tile-border (see Figure 3). That might
arise bridging errors when the geometry of an object is modified differently in neigh-
boured tiles. For example when simplifying linear geometries with a Douglas-Peucker-
Algorithm (Douglas and Peucker 1973), different results can occur for each tile.
Adequate solutions could be using a buffered area or by rendering a super-tile.

Buffering the tile computation is a solution that is already used in practical imple-
mentations. A tile is not rendered directly on its final size (e.g.: 256x256 pixel) but the
most renderer use a buffer (e.g.: 128 pixel). Mainly the buffer size is adjustable. After
rendering the tile, the rendered area will be trimmed to the final tile size. This induces
some general questions: How huge should such a buffer area be, to ensure that no
bridging areas or other problems occur? Should the buffer size be fixed or set situation
dependant? The answers are not trivial and have to be found empirical.

Ry |
: TSP ‘,'

Zoomlevel 12 Envelope = 850, 4393; 812,2459; 056,2860; 612,5652 (ulX; ulY; IrX; 1rY¥)

Figure 3. Tiles of a tile-based map — (data: OpenStreetMap).

Rendering super-tiles means, rendering a huge tile (e.g.: 2560x2560 pixel) in a first
step and segment this to sub-tiles of aimed size (e.g.: 100 tiles a 256x256 pixel) after-
wards. Kunz (2012) describes this solution to avoid problems in label placement. This
approach significantly delimits the performance of the renderer as it needs additional
storage and implies the question on how huge the super-tile should be. An additional
research question is: Isn’t the problem relocated to the border of the super-tile? This
can be prevented by not using all segmented tiles (e.g.: use only central segments) and
creation of overlapping super-tiles.

The second major restriction is the consideration of spatial context (Mustiére and
Moulin 2002). Spatial context describes the relation of an object to its surroundings.
On the one hand it describes if objects are part of a group or inside a particular area
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(hierarchical relations). This is especially important for generalisation operators like
aggregation. On the other hand spatial context specifies local topological relations
between objects (non hierarchical relations), which are fundamental for operators like
displacement. Some of these topological relations have to be kept and some can be
modified. Observing spatial context is a challenging task in the context of tile-based
mapping.

First, the renderer has to be able to handle spatial context. For example, detect if an
object is part of a significant group, lies inside a particular area or if it conflicts a
neighboured object. Existing rendering software solutions are not capable of that (see
chapter 4.1).

Second, some questions in relation to the tile borders have to be clarified. Should
objects located in neighboured tiles be ignored or observed? Should objects located in
neighboured tiles be influenced respectively modified? And how far does the influence
on neighboured objects reach? These questions cannot be answered globally. Since dif-
ferent generalisation operations have to observe different spatial context relations, it
depends on the applied operation. An adequate approach, for integrating generalisation,
should be able to process every generalisation operator equally.

4. Possible architectures

This chapter describes possible architectures to enhance tile-based mapping with auto-
matic cartographic generalisation. We start by specifying an approach for the imple-
mentation of on-the-fly-generalisation. Afterwards the implementation of MRDB as a
supporting tool is described.

4.1 On-the-fly-generalisation

The term “on-the-fly-generalisation” describes mainly the computation of temporary
generalised datasets, only for the visualisation without additionally storing them (Oost-
erom 1995). On tile-based mapping this can be done while rendering data but also
while querying data from a database.

As described in chapter 3.2, the renderer has to be able to handle spatial context in
order to apply automatic generalisation. Therefore it is necessary to have a closer look
at the process flow of automatic tile rendering (see Figure 4). Tile rendering is an auto-
matic, iterative process, where all features of one layer, all layers of one tile and all
tiles of one tile-based map are processed successively.

Generalisation operators have to consider topological neighboured objects both of
the same (e.g.: aggregation) as well as of different layers (e.g.: displacement). Existing
renderer implementations can perform simple topological query to features of one
layer. For example, mapnik® is able to avoid overlapping of point or text placement.
Avoiding overlap of complex geometries, like lines or polygons, is currently not imple-
mented. Additionally, context relations across different layers and semantic informa-
tion are not considerable. For example, to detect the overlapping of streets and build-
ings.

In consequence, the process of automatic rendering has to be modified. The corres-
ponding question is, how an adequate architecture should look like. A modified ren-
derer would get a bunch of information on how, when and which objects have to be
generalised. These information could be defined conceptional in the cartographic para-
meters. Accordingly, requirements on the cognitive performance of the cartographer
will arise, as this is an additional abstract manual process. The renderer should observe

6 mapnik.org
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topological relations independently and process the resulting operations automatically.
Required algorithms could be: (1) implemented to the rendering software, (2) called by
the renderer from an external library or (3) provided by web generalisation services. It
is adversely, that for case (1) the required algorithms have to be written in the same
programming language as the implementation of the renderer. The same is true for
external libraries. Using web generalisation services is a good generic solution but
reduces rendering performance, as the data processing via internet extends processing
time.

Automatic Rendering

Apply automatic
geometric generalisation

Tiles for a
tile-based mapping system

Figure 4. Schema for automatic tile rendering.

It is obvious that the implementation of this architecture is very complex. An option to
solve simple generalisation tasks, is the generalisation of objects while querying them
from a database. Especially PostGIS’, the spatial addition for PostgreSQL®, offers the
possibility to implement functions, that could also do generalisation tasks. Two ele-
mentary functions for simplifying geometries are already included (ST_Simplify()® and
ST_SimplifyPreserveTopology()'°). But these are just quite simple implementations of
the well known Douglas-Peucker-Algorithm. The potential lies in the development of
complex, sql-implemented functions and integration to the data queries of automatic
processing. PostGIS offers a wide range of functions for observing spatial relationships
and measurements as well as geometry processing functions. These can be used to
implement generalisation operations and handle spatial context of objects.

4.2 Multiple Representation Database System

The second proposed architecture is based on the concept of pre-computing objects
and saving them as multiple forms of representation in a database system (Kilpeldinen
1992). Preparing different levels of generalised objects for each required scale is not

7 postgis.refractions.net

8 www.postgresql.org

9 http://postgis.org/docs/ST_Simplify.html

10 http://postgis.org/docs/ST_SimplifyPreserveTopology.html
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effected by tile-based generalisation constraints. There is no need for developing new
strategies or technologies because manual or automatic classical procedures can be
adopted. But this concept can be used as an aiding tool, to support generalisation oper-
ators that are difficulty applicable to on-the-fly generalisation.

A corresponding process flow (see Figure 5) would be: (1) load original data into a
geoinformation system (2) generalise data via WPS and (3) save results in a MRDB.
Redundancy can be acceptable when it generates performance enhancements. But it is
advantageous to avoid redundancy in the database by saving data in additional tables
without meta data and reference them to the original object by an unique identification
number (ID). This can be carried out for different generalisation operations, always in
relation to the pursued scale. Subsequently, the queries of the additional tables have to
be included to the cartographic parameters. This can be done in the original layer, as
sql-join in the select-statement, or as an additional layer. In result, the renderer can pro-
cess generalised objects automatically when it is necessary. Some corresponding res-
ults will be demonstrated in the following chapter.

1. get original data -
Bl
MRDB i 7. save edited data
_-—-—‘_'/
3. get
informations

about necessal
variables

6. postprocessing

Y

Tile-Based
Mapping

Describe Process

3
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elep pazletsuab 186 g
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— Get Capabilities “

WPS - Server

21N29x3

Figure 5. MRDB - proposed process flow.

5. Exemplary implementation of proposed architectures

In order to prove the proposed architectures as well as a general usability of WebGen-
WPS, the proposed architectures were put into practice. Hence, this chapter offers a
condensed description of the practical implementations.

Only open source software and free, user-generated spatial data was utilised for this
proof-of-concept. Mapnik was chosen for rendering, as it is the most common and uni-
versal open source software for rendering tiles. Alternative rendering software can also
be used, but is either especially designed for the OpenStreetMap project (e.g.: Kos-
mos", Pyrender'?) or is not (by default) applicable to tile-based mapping (e.g.: Osmar-
ender™). The data was taken from the central OpenStreetMap database, which provides
free available user-generated topographical geoinformation. That data can be imported
to a spatial extended PostgreSQL database (PostGIS) with the help of osm2pgsql™.

11 wiki.openstreetmap.org/wiki/Kosmos
12 wiki.openstreetmap.org/wiki/Pyrender
13 wiki.openstreetmap.org/wiki/Osmarender
14 wiki.openstreetmap.org/wiki/Osm2pgsql

15" ICA Generalisation Workshop, Istanbul, Turkey, 2012 8



There are also alternative free available database management systems with the option
to add spatial extensions, like MySQL" or SQLite'®. The data import could also be
done with similar open source software, like osmosis'’, imposm'® or the like. Data pre-
paration and pre-processing can be done with OpenJump®. That open source GIS was
chosen because it offers the possibility to communicate with PostGIS and WebGen-
WPS by additional plug-ins. WebGen-WPS was used to generically apply geometric
generalisation operations. Finally, the on-the-fly architecture was implemented in
python®, especially because mapnik has python-bindings. But also because of the
WPS-communication by PycURL* and the simple possibility of creating graphical
user interfaces with GTK+*.
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Figure 6. Process flow of exemplary implementation

Figure 6 visualises the basic elements of the realised implementation in a simplified
form. The MRDB-architecture was realised as illustrated in Figure 5, therefore it is just
indicated by “pre-generalise data”. The on-the-fly architecture can be realised by using
the predefined cartographic parameters of the tile-based rendering whereby features
can be analysed and manipulated in relation to their symbolisation. The symbolisation
of each feature type contains information about its demand on generalisation. These
information are extracted along with the feature conditions, to filter the original data
source and generalise the filtered features. Finally, the generalised features are latched
in a database and the information about the memory location get included to the carto-
graphic parameters. These steps are done for each tile, whereby a tile-based on-the-fly
generalisation can be realised.

15 www.mysql.com

16 www.sqlite.org

17 wiki.openstreetmap.org/wiki/Osmosis
18 imposm.org/docs/imposm/latest

19 www.openjump.org

20 www.python.org/

21 pycurl.sourceforge.net

22 www.gtk.org/
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The test proves the fundamental feasibility of on-the-fly-generalisation as well as the
MRDB-architecture as aiding tool. It also revealed some basic problems in the applic-
ability of the WebGen-WPS, which have to be modified for a practical use. These are
mainly problems while processing large data sets and a missing option to transfer
attributes. Additionally it has been shown that the processing via WebGen-WPS is rel-
ative slow, what causes huge restrictions for it's applicability of on-the-fly-generalisa-
tion. A first analysis has shown that only a small part of processing time depends on
the number of processed features (see Table 1). This fact has to be investigated in fur-
ther work.

Table 1. Analysis of processing time for WebGen-WPS

Tile Zoom | Number of | Geometry type | Processing time
coordinates geometries (in seconds)
X:546Y:344| 10 6 LINESTRING 69.292
X:547Y:344| 10 8 LINESTRING 68.261
X:546Y:345| 10 126 LINESTRING 70.218
X:547Y:345| 10 851 LINESTRING 74.145
X:546Y:346| 10 7 LINESTRING 67.262
X:547Y:346| 10 19 LINESTRING 68.266

6. Discussion and further work

This paper provides basic insights to the applicability of automatic cartographic gener-
alisation in the context of tile-based mapping. It has been described, that tiling of web
maps has direct impacts on the applicability of generalisation operations, which are
primarily related to the consideration of spatial context. An appropriate architecture for
the implementation of on-the-fly-generalisation has been proposed wherefore the tile
rendering has to be modified. Additionally the implementation of the proposed archi-
tectures and it's applicability has been described.

There is still a huge number of future research questions. For example, the special
requirements of label placement have to be analysed. Furthermore it is necessary to
investigate the properties of user-generated geoinformation and their impact on the
applicability of generalisation. The influence of the whole process flow of tile-based
mapping systems, such as computational capacity, server technology, bandwidth or
storage capacity (data and tiles), has to be considered in further work. Possibilities to
generalise data in relation to their symbolisation (style information) have to be invest-
igated. The manual configuration of style information implies much cognitive perform-
ance and happens rule-based. Therefore it is necessary to establish concepts for
improving the ability to apply manual cartographic generalisation (e.g.: semantic selec-
tion) while preparing the cartographic parameters. Finally, it has to be analysed in how
far parallel processing and local implementations can contribute to accelerate the fea-
ture generalisation via WPS.
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