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Abstract 

Today we live in an information intensive society and geographic data are part of this information. 
These geographic data are used by private persons to plan holiday trips or to find the way to business 
meetings. Companies utilize geographic data in fields such as forestry planning, construction work, and 
tourism. Local municipalities require geographic data for planning purposes, and in the academic world 
much research is based on geographic data. To enable sharing of these data, searching, viewing, and 
downloading of data are facilitated by web-based services following common standards. These services 
are part of, and regulated by Spatial Data Infrastructures (SDI). An important component of an SDI is a 
geoportal. That is a web site acting as a gateway to web services that enable a user to search, view, and 
download geographic data.  

In this master thesis the main focus is on view services. If these view services have limited symbology 
options they may prevent geoportals from reaching their full potential. It might be so that all data 
required for a map are found from different sources, but limited symbology options prevent a user from 
designing a legible map. This situation can be improved by allowing user-defined symbology or with a 
larger number of symbologies available from a service. Cartography can also be improved by methods 
that enable a user to control symbology to a larger extent. 

To facilitate development of methods to improve cartography when data from several sources are 
combined and viewed in a geoportal a test bed, the Cartographic enhanced geoportal (CEG), is 
implemented in this study. Two methods are implemented in CEG. The polygon overlay method enables 
polygon features to be overlaid other data without hiding underlying information; this is achieved by 
symbolizing polygons with boundary and icons. The colour saturation method enables a user to invoke 
visual hierarchies in a map by deemphasizing less important information.  

Another potential problem in view services is maps that are difficult to read due to excessive amount of 
information. One approach to solve this problem is to identify areas with poor legibility in a map and 
apply generalization operations on these areas; that is more efficient than applying generalization on the 
entire map A study was performed to investigate if clustering techniques can be used to identify areas 
that are difficult to read. The density based DBSCAN clustering algorithm was implemented and tested. 
The study shows a promising result; however, a more extensive investigation must be performed to 
draw any conclusions.  

 

Key words 
Geography, Physical Geography, Cartography, geoportal, view service, WMS, symbology, legibility. 
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Sammanfattning 
Geodata används i stor utsträckning i dagens samhälle. Privatpersoner använder karttjänster för att 
planera semesterresor, eller för att hitta vägen till viktiga affärsmöten. I den privata sektorn används 
geodata till skogsbruksplaner, vid anläggningsarbeten, inom turismen osv. Inom den offentliga sektorn 
används geodata i stor utsträckning för planering och inom den akademiska världen baseras mycket 
forskning på geodata, inte bara inom geografiska institutioner.  

För att stödja distribution av geodata mellan aktörer finns det webbtjänster som möjliggör sökning, 
visning (i form av kartor), och nedladdning av geodata. Sådana tjänster ingår i, och regleras av en 
infrastruktur för geodata. En viktig del av en sådan infrastruktur är en geoportal. Det är en webbsida 
som gör det möjligt för en användare att söka, visa, och ladda ner geodata från anslutna webbtjänster.  

Denna uppsats behandlar främst visningstjänster med inriktning mot kartografi då geodata från flera 
visningstjänster sampresenteras. Begränsade möjligheter för en användare att påverka det kartmanér 
som används av visningstjänsterna riskerar att resultatet blir en svårläst karta. Ofta finns det enbart en 
symbol per datalager tillgänglig; är inte denna symbol lämplig finns ingen möjlighet att förbättra kartan. 
Genom att istället låta användaren designa de symboler som används kan en lättläst karta skapas. Även 
tjänster som erbjuder flera symboler för de data som visas ökar möjligheten att skapa en bra karta. 
Metoder som erbjuder en användare möjligheten att påverka kartografin ökar också möjligheten att 
skapa en lättläst karta. 

I denna uppsats har en enkel geoportal, Cartographic enhanced geoportal (CEG), tagits fram. CEG 
används för att utveckla metoder för att förbättra kartografin vid sampresentation av geodata. Två 
metoder har implementerats: polygon overlay method, vilken möjliggör överlagring av polygoner över 
andra data utan att underliggande information döljs. Detta genom att polygonerna symboliseras med 
kantlinje och ikoner. Den andra metoden, colour saturation method, ger användaren möjlighet att skapa 
visuella hierarkier i en karta genom att mindre viktig information tonas ner. 

Ett annat problem vid sampresentation av geodata från flera olika tjänster är att en för stor mängd 
information gör en karta svårläst. Detta kan åtgärdas med generaliseringsmetoder. För att effektivisera 
generaliseringsprocessen är det önskvärt att enbart de områden i en karta som upplevs som svårlästa 
generaliseras. I denna uppsats har en enklare studie genomförts för att testa om klustringsmetoder kan 
användas för att identifiera svårlästa områden. Klustringsalgoritmen DBSCAN har implementerats och 
resultatet ser lovande ut, men en djupare studie behöver genomföras för att dra några långtgående 
slutsatser. 

 

Nyckelord 

Geografi, Naturgeografi, Kartografi, geoportal, visningstjänst, WMS, symbolsättning, läsbarhet.  
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1. Introduction 

1.1. Background 
Geographic information has been important for humans throughout history. The earliest world map 
found is a Babylonian map from the 6th or 5th century B.C. (Bagrow & Skelton, 2009). The earliest 
records of surveying are from Egypt about 1400 B.C. with the purpose of dividing land for taxation 
(Wolf & Ghalani, 2002). In Sweden the first systematic map survey was commissioned in 1628 where 
farms, villages, and cities with surrounding land were mapped (Lantmäteriet, 2011). 

Early maps were simple sketches (Bagrow & Skelton, 2009). With increasing knowledge about the 
shape of the Earth and remote areas, maps were getting more detailed. Many maps were like pieces of 
art with imaginative ornaments; atlases were in times symbols of status (Hall et al., 2003). Nowadays 
maps are in general less artistic. The main focus it to visualize the important information and the 
purpose of the map decides which geographic data to include and how symbols are designed. Important 
information should be emphasized and less important information should be less distinct; information 
that is not needed should not be included at all. This process of deciding what data to include and how to 
symbolize them are important aspects in the field of cartography. 

The earliest maps on stone- or clay did not facilitate wide distribution. With the introduction of the art of 
printing, maps were reproduced and reached a wider distribution. Nowadays maps are digital and 
geographic data are used in many part of the society. Departments, from governmental to municipality, 
use geographic data for planning purposes. In the private sector maps are used e.g. for construction of 
buildings, forestry planning, and tourism. In the academic world much research is based on geographic 
data, not only in departments of geography.  

Since geographic data are used by many actors sharing and distribution are important; the medium for 
this is mainly the Internet. There are services available that enable viewing and downloading of 
geographic data. However, to make these services efficient, there must be regulations telling how data 
are collected, updated, stored, downloaded, viewed etc. This is regulated by Spatial Data Infrastructures 
(SDI) (GSDI, 2010); these may be on national-, regional-, or global level. One important feature of an 
SDI is a geoportal. That is a website, which facilitates searching, viewing, and downloading of 
geographic data. By connecting to a geoportal a user can search, view, and download data. This may 
save substantial time, which can be spent analysing, instead of searching data.  

However, to make geoportals truly beneficial they should enable users to design cartographically good 
maps; this is not always the case (Harrie et al. 2011). Especially if data from several sources are 
combined the result may be unsatisfactory. It may be so that a user finds all geographic data required for 
a specific project, but available symbologies do not allow the data to be presented in a cartographic nice 
fashion; e.g. important information may be hidden. This may be a limiting factor for a geoportal. To 
improve the situation, several styles of symbology could be available and user-defined symbology 
supported. There are standards that enable user-defined symbology in maps distributed over the Internet. 
By following these web-based map services can become more beneficial to end-users. 

1.2. Aim 
The aim of this study is twofold:  

1. To design and implement a test bed for testing methods to improve cartography for Internet 
based view services, and to implement two methods in the test bed. 

2. To implement a method that identifies areas that are difficult to read in a map.  
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1.3. Report structure 
The structure of this master thesis is shown in Figure 1.1. Chapter 2 describes cartography, with the last 
part focusing on web cartography. Chapter 3 gives an introduction to SDI:s and geoportals. Chapter 4 
describes standards used in geoportals, with a focus on standards for viewing and distributing maps over 
the Internet. Chapter 5 is a short introduction to spatial databases. In Chapter 6, symbolization is 
described, with a focus on symbolization of maps that are viewed over the Internet according to 
standards described in Chapter 4. Chapter 7 introduces the cartographic enhanced geoportal, which is a 
test bed for development of methods to improve cartography in geoportals, or Internet based view 
services. Chapter 8 is a case study where the implementation of the cartographic enhanced geoportal 
and two methods to improve cartography are described. Chapter 9 is a case study where a method to 
identify areas in a map that are difficult to read is performed. 

 
Figure 1.1. Shows the structure of this master thesis. 
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1.4. Definitions 
This section gives the definitions of some of the most important terms in this study. 

Geographic data 

In this paper the term geographic data is used for data that are related to a position on Earth. Other 
common terms are geospatial data or spatial data. 

Geographic Information System (GIS) 

A GIS is a computer-based information system for handling geographic data. It enables a user to 
capture, store, manipulate, analyse, and visualize geographic data. 

Feature 

According to ISO19101, a feature is an “abstraction of a real world phenomena” (GML, 2007). If a 
feature is associated with a location relative to the Earth it is a geographic feature. A feature is an 
instance of the phenomena; it is on the instance level.  

Feature type 

Feature type defines a specific type of features; it does not describe instances of a feature, only how 
instances of that feature type shall be represented in the model. That means it is on object type level. 

An example could be a set of geographic data where all municipalities of Sweden are represented as 
polygons, with attributes for e.g. name of the municipality, population, and average age. In this case the 
feature type would be municipality, and an instance, e.g. the municipality of Lund, would be a feature. 

Layer 

Layer is related to feature type; a layer is a collection of instances of the same feature type. There could 
e.g. be a layer municipalities consisting of features that belong to the feature type municipality. 
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2. Cartography  
How does a road look on a map and what colour is cultivated land? These questions may be asked both 
when designing and reading a map. Unfortunately there are no simple answers. If the map is a road map, 
roads are emphasized and symbolized differently depending on size to enable a driver to find the best 
route. Cultivated land on the other hand does not need to be presented with a unique symbol. It could be 
symbolized as other open land, or the map could present only roads and cities. If instead the map is a 
landuse map, cultivated land must be visualized with a unique symbol. Roads on the other hand are less 
important; maybe only major roads are included for orientation. 

The discussion above illustrates important considerations when creating a map. Deciding which 
geographic data to include in a map and how to symbolize them are parts of the science and art of 
cartography. To find a clear definition of cartography is difficult, but according to the International 
Cartographic Association (ICA) cartography is “the art, science and technology of making maps 
together with their study as scientific documents and works of art” (ICA, 1973 p. 1). This implies that 
using certain techniques and following specific rules is not sufficient to create a “good” map. Artistry 
also plays an important role in cartography (Keates, 1996). 

This chapter gives an introduction to cartography, followed by a discussion about cartographic 
communication. Then generalization, symbolization and finally web-cartography are described. 

2.1 Introduction 
Before discussing cartography it is appropriate to define what a map is. According to ICA a map is “a 
representation, normally to scale and on a flat medium, of a selection of material or abstract features on, 
or in relation to, the surface of the Earth or of a celestial body” (ICA, 1973 p. 7). Not only geographic 
information physically present in the landscape is visualized in maps; abstractions such as rainfall or 
average age in different areas are also presented in maps (Dent, 1999).  

The design of a map depends on the purpose of the map. There is a continuum range of maps from 
general reference maps, such as atlases or topographic maps at one end, to “pure” thematic maps only 
showing a specific theme, e.g. rainfall or deforestation at the other end (Robinson et al., 1995). A 
general reference map aims at showing a wide range of geographic information; no symbols should be 
dominant. This is, however, rare in reality. Usually some geographic information is considered more 
important and hence emphasized. Thematic maps on the other hand are presenting specific geographic 
phenomena. To make them useful topographic information is added. A map showing annual rainfall 
would e.g. not be useful without topographic information such as roads and cities for orientation.   

One important consideration when creating a map is scale. In cartography scale refers to the ratio 
between map distance and earth distance. Which scale to use should be decided at an early stage as it 
has a strong influence on the process of creating a map as shown in Figure 2.1. A large scale map covers 
a small area in the real world, but the level of detail can be high. Symbolization is also affected (and 
related to level of detail). In a large scale map a city may be symbolized with a polygon showing extent 
and shape of the city; in a small scale the same city may be symbolized with a point symbol.  
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Figure 2.1. Shows how map scale affects size of mapped area, level of detail, and symbolization. Based 
on Dent (1999). 
Another consideration when designing a map is to decide which map projection to use. For large scale 
maps it is likely that a national reference system and standard projection are used. However, for small 
scale maps covering large areas the cartographer may have to consider which projection to use. Should 
e.g. a conformal or equal-area projection be used. 

Communication 

Imaging a book written in the following fashion:  

Wen desing A map: itt important that reader of maps easy undersant what message, is from map. 
Symbol must AND colur also sutabel. otherwise NOT understand what means corekt. 

No matter how interesting the content of such a book is, it is unlikely that many persons would endure 
reading it, and even if they did the risk of misunderstanding the content would be considerable. When 
designing a map it is equally important that the map is easy to “read” to avoid misunderstandings.  

In cartographic communication the map is the medium for communication. By visualizing geographic 
data the person creating the map, the cartographer, is communicating information to a user of the map. 
If the map is good or not depends on the purpose. No matter how accurate and legible a landuse map is; 
it will not be suitable as a road map. One thing is, however, common for good maps regardless of their 
purpose: they show the information required to fulfil the purpose of a map; neither more nor less 
(Brodersen, 2002). And the information is visualized in a way that makes it easy to read. That way the 
risk that a user of the map will misinterpret the information communicated is minimized. 

Generalization 

The processes applied to increase legibility in a map by reducing the amount of information are called 
generalization. There are different descriptions of generalization; here it is split into three components:  

1. Selection – is the process where the cartographer decided which geographic data to include in 
the map. It is to a large extent affected by the purpose of the map and scale. 

2. Classification – is a process where data are grouped into classes.  

3. Cartographic generalization – are operations that enhance legibility of a map, e.g. simplifying 
shapes of complex features or aggregating areas of point features to an area symbol. 

Symbolization and map design 

Symbolization refers to the process where the symbols and text used to visualize the geographic data are 
designed. Symbolization is not an isolated process after generalization; creating a map is an iterative 
process that is repeated until the cartographer is satisfied with the map (or deadline is met). Map design 
refers to the layout of a map where elements such as title and legend are added. 
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2.2 Communication of information 
Imaging the following situation: 

A garbage recycle station needs to invest in a new computer for their office. Hence, they contact a 
computer store and place an order. The staffs at the computer store pack the computer in a box and 
contact a delivery company to bring it to the recycle station. The delivery company sends a driver to the 
computer store. The driver loads the box containing the new computer, drives to the recycle station and 
dumps it in the electronic waste.  

The example, modified from Brodersen (2002), illustrates the importance of clear communication. In the 
example the driver cannot be blamed for dumping the computer; one could argue that the driver should 
have understood that the computer was new, but at the same time the computer store should have been 
extra careful about communication when the delivery was to a recycle station. No matter if the 
communication is oral, written or graphical, it must be clear to avoid misunderstandings. 

In communication theory the terms data, information and knowledge are defined as (Brodersen, 2002): 

Data – a set of unordered facts.  

Information – ordered data or data in relation to other data. 

Knowledge – a person consulting the information may get some knowledge. 

The better the information is structured the higher the chance that the user reaches knowledge. An 
example related to cartographic communication, where the map is the medium for information, could 
be: (geographic) data are digital representations of roads and cities. Information is a map visualizing the 
data. By reading the map a user gets knowledge about how to drive from city A to city B.  

2.2.1 Graphic communication 
A map is a visual medium; hence, communication with maps is based on principles of graphic 
communication (Robinson et al., 1995). To some extent the principles resemble language 
communication, but there are differences. One difference is that a language tends to be “transparent”; 
we understand the meaning of the words without paying much attention to the physical appearance of 
them. In graphic communication, on the other hand, the graphic symbols tend to be “opaque”; much 
attention is drawn to the appearance and arrangement of symbols. Another difference is that when 
reading, words are coming one by one; information is received in a serial fashion. In graphical 
communication all information is coming synoptically (at the same time). That means it is not possible 
to think sequentially when designing a map; a cartographer must think of the map as a whole. If one 
detail is changed, it affects all other details. For example, if the colour of a symbol is changed the 
contrast to other symbols is affected 

However, when a person looks at a map, or views any graphic information, he/she will look at it 
structurally (Robinson et al., 1995). Some symbols will be perceived as more important and some 
shapes will stand out. Some areas will seem crowded and difficult to read and some colours will be 
dominating. If these visual relationships, as seen by a user, are the same as intended by the cartographer, 
the communication will be effective; in other words, the map is good. 
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2.2.2 Cartographic communication 
A map is neither objective nor true; a map is showing the information the cartographer has chosen to 
include (Brodersen, 2002). What data to include depends on the purpose of the map. Only data required 
to meet the purpose should be included; additional data increase the risk of misunderstandings since 
there will be more (and unnecessary) information presented. How the information is presented is called 
the cartographic language, as shown in the cartographic communication model in Figure 2.2. This 
language is affected by the cartographer’s way of thinking. When a person is reading the map his/her 
way of thinking is affecting how the cartographic language is interpreted. It is also so that the 
cartographer and map reader are likely to see the real world differently. This implies it is important for a 
cartographer to have good knowledge about the target group to understand their way of thinking. A 
cartographer is likely to design a map used internally in a geography department at a university, 
differently compared to a map for visitors to an amusement park. 

 
Figure 2.2. Cartographic communication model (see text for explanations). Based on Brodersen (2002). 

2.3 Generalization 
Generalization refers to processes that make maps easier to read by reducing the amount of information. 
This is important since no matter how carefully symbology is designed, too much information will make 
the map difficult to read and important information may be diluted in background information.  

The level of generalization is strongly depending on scale. However, a map designed for a certain scale 
may be enlarged/reduced within a factor of two, meaning a map designed for the scale 1:100 000 is 
likely to be legible in the range 1:50 000 – 1:200 000 (Robinson et al., 1995).  

Generalization is a field with extensive research, especially for the part labelled cartographic 
generalization here. In this paper only a short overview is given. Interested readers may consult 
Mackaness et al. (2007) and references within. 

2.3.1 Selection 
In the selection process a cartographer decides which geographic data to visualize; geographic data here 
refers to which feature types to include. Selection is strongly dependent on the purpose of the map. Only 
data required to deliver the information defined by the purpose should be included. During the entire 
selection process legibility must be considered. For this, scale has a strong influence; the larger the 
scale, the more information the map may contain (see Figure 2.1). 
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2.3.2 Classification 
Classification is a process in which identical or similar features are grouped. This leads to less 
complexity; instead of a large amount of features, there are a limited number of classes. Both qualitative 
and quantitative data can be classified. For qualitative data classification can be to decide if all buildings 
belong to the same class or if they are classified into public, residential, and commercial. Rules for the 
classification must be defined; is e.g. a building with shops on ground level and apartments aloft 
commercial or residential. Classified data cannot be re-classified to a more detailed level. If forest in a 
landuse map is classified as coniferous, mixed, and deciduous it is not possible to reclassify coniferous 
to spruce- and pine forest. The level of detail must be decided before data are collected. 

For quantitative data the classification is normally performed by dividing the entire array of attribute 
values into numerical classes and each value is placed in its proper class (Slocum et al., 2005). This can 
be done with different methods resulting in different classifications. Hence, it is important to use the 
method that best communicates the information desired. 

Equal intervals – the entire range of attribute values is divided into equal intervals.  

Advantages of this method are that max- and min values for each class are easy to compute and the 
classification is easy to understand (Slocum et al., 2005). A disadvantage is that the method does not 
consider how data are distributed. If e.g. there is one very low value, and the rest are high in a data set 
that are classified into five classes the classification may result in one value in class 1, zero values in 
class 2-4 and the remaining values in class 5. 

Quantiles – data are ordered after attribute value and an equal number of observations are placed in 
each class (Slocum et al., 2005). The method has different names depending on the number of classes, 
e.g. if four classes are used it is called quartiles. 

Advantages are that class limits are easy to compute and there is the same number of values in each 
class. Quantiles share the same disadvantage as equal intervals; the method does not consider how data 
are distributed. If the same dataset as for equal interval is classified as quintiles it would lead to a long 
range for class 1, while class 2-5 would have narrow intervals. 

Mean-standard deviation – attribute values are divided into classes depending on mean value and 
standard deviation of the data set (Slocum et al., 2005). Breakpoints between classes may be µ-2σ, µ-σ, 
µ, µ+σ, µ+2σ, where µ is mean attribute value and σ is standard deviation. 

An advantage with this method is that the mean is a suitable dividing point, especially if an even number 
of classes is used. A disadvantage is that data must be normally distributed for the method to work well.  
Maximum breaks – attribute values are ordered and differences between adjacent values computed. 
Breaks are placed where the differences are largest. This means similar values are grouped and breaks 
are placed where values are least similar (Slocum et al., 2005). 

Natural breaks – aims at finding natural break points between classes. The method utilizes variance to 
find breaks, so that variance within the classes is lower than between classes (Arnberg & Rystedt, 2008). 
Other classifications methods are e.g. optimal classification, arithmetic progression and geometric 
progression (Dent, 1999). 

The number of classes also affects the result. With many classes more detail is maintained but the map 
is more complex. Research suggests that the maximum number of classes that humans can distinguish at 
a single glance is seven (Kraak & Ormeling, 2010). 
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2.3.3 Cartographic generalization 
Cartographic generalization refers to operations applied to improve the legibility of a map (Figure 2.3). 
Descriptions below are from Shea and McMaster (1989). Note that the operations are for vector-data. 

Simplification – is used to reduce the complexity of the shape for line- or area features. This is done by 
selectively reducing the number of points used to represent a line or polygon. The goal is to retain the 
original geometry as far as possible; small details should be removed, while large shape should remain. 

Smoothing – is used to make the appearance of line- or area features smoother and aesthetically 
pleasing. It resembles simplification but the process is different; the smoothing process moves points in 
a way so that small dents are removed while the general trend of the shape is preserved. 

Aggregation – is used to build groups of point features and represent them as polygons. It could e.g. be 
a group of buildings in a large scale map that are aggregated to a built-up area in a smaller scale. 
Amalgamation – is used to merge adjacent polygons, e.g. several small islands may be merged to one 
large. This means the small areas of water between the islands will be presented as island. 
Merging – is when several line features are merged, e.g. parallel railroads are symbolized with one line. 
Collapse – creates point features from area features. For example, a city that is symbolized with a 
polygon at large scale is collapsed to a point symbol at a smaller scale. 
Refinement – is used in areas cluttered with features of the same type, e.g. roads, buildings, or water 
courses. Instead of visualizing all features, a selected number, normally the largest, are visualized. Cf. 
selection; in the selection process a cartographer decides which feature types to include. Refinement is 
about selecting which features of the same type to include if all cannot be visualized. 

Typification – is used in areas with large amounts of features of the same type. It resembles refinement 
but the selection process is different; typification aims at maintaining the general pattern of the features. 
Exaggeration – is when parts of polygons or lines are exaggerated to preserve important shapes when 
scale is reduced. For example, narrow parts of a peninsula may be drawn wider to ensure they are visible 
even at small scales. 
Enhancement – is used to emphasize importance of particular features. See Figure 2.3 where a road 
crossing a river is re-symbolized to emphasize a bridge. 

Displacement – is used when symbols in the map are touching or overlapping each other. This may 
occur when scale is reduced since the space a symbol occupies on the map is larger than the space 
occupied by the real-world feature the symbol represents. The displacement operation moves, modifies, 
or deletes features so that all symbols included stand alone and are readable.  
Shea and McMaster (1989) include classification in their list; here classification is not treated as part of 
the generalization process. 
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Figure 2.3. Shows the result of cartographic generalization operations, both at original- and reduced 
(50%) scale. Partly based on Shea and McMaster (1989) and Slocum et al. (2005). 
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2.4 Symbolization and map design 
Symbolization is the process of designing the symbols in a map. It is an iterative process together with 
selection, classification, and cartographic generalization (and maybe change of scale). It may e.g. 
happen that there is not sufficient space on the map to use the symbols preferred. Then the amount of 
data may be reduced by a more restrictive selection. Also the classification may prove unsuitable. Then 
another classification method or more/less classes may be applied. Generalization also depends on 
symbology; areas with individual buildings might be symbolized as built-up areas, instead of individual 
buildings, to increase legibility. Typography and placement of text are also included in symbolization. 
Map design is about the final layout; where to place information such as title, legend, and scale. 

2.4.1 Symbolization 
When designing a map the cartographer symbolizes the geographic data so that the map is easy to read; 
the main theme should be emphasised and the risk of a user misunderstanding the map should be 
minimised. Symbols should be easy to distinguish from each other and easy to understand; if a user of 
the map needs to consult the legend frequently, less time is spent actually reading or analysing the map. 
Since it is not possible to say exactly how a map should look, the same information may be visualized 
differently in two maps without one of the maps being better.  

A cartographer should also remember that a map is made up of all symbols used; even if all symbols 
except one are good, the “bad” symbol may ruin the map. 

                        2.4.1.1 Graphic elements and visual variables 
When designing the symbols, graphic elements and visual variables are used. These are described below 
as defined by Robinson et al. (1995); other versions exist but only with minor deviations. 

Graphic elements 
There are three basic graphic elements used to create all visual design: 

- Points convey a sense of position. 

- Lines give both position and direction and can be seen as a linear array of points. 

- Areas show position, direction and extent and can be seen as a 2D-array of points. 

Visual variables 
To make a graphic element more or less prominent shape, size, orientation, and/or colour are altered. 
These variations are called the primary visual variables (Figure 2.4) (Robinson et al., 1995): 

- Orientation refers to the direction of e.g. lines and elongated symbols. 

- Size refers to the dimension (e.g. length, height, width) of a symbol. 

- Shape refers to the form of a symbol; it may be figurative or geometric (Figure 2.6). 

- Hue (Colour – see Section 2.4.1.2) 

- Value (Colour – see Section 2.4.1.2) 

- Saturation (Colour – see Section 2.4.1.2) 
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Figure 2.4. Shows the primary visual variables according to Robinson et al. (1995). 
By repeating graphic elements patterns are created. Patterns are varied by adjusting arrangement, 
texture, and orientation (Figure 2.5). These are the secondary visual variables (Robinson et al., 1995).  

- Arrangement refers to shape and configuration of the elements used to create the pattern. It may 
e.g. be random or systematic. 

- Texture refers to size and spacing of elements that are used to create the pattern. A fine texture is 
made up of small spacing and small elements (e.g. thin lines). 

- Orientation refers to the directional arrangement of e.g. lines. 

By combining graphic elements and vary visual variables any kind of symbols can be designed. 

 
Figure 2.5. Shows the secondary visual variables according to Robinson et al. (1995). 
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Figurative or geometric symbols 
Symbols can either be figurative (icons) or geometrical (Kraak & Ormeling, 2010); see Figure 2.6. 
Figurative symbols are mainly used for point symbols but also area symbols can be figurative; e.g. a 
forest may be symbolized by “filling” a polygon with tree-icons (Figure 2.6, right).  

 
Figure 2.6. Shows figurative and geometric symbols. 

                        2.4.1.2 Colour 
Colours are important to cartography. They invoke differences as well as similarities, emphasize or de-
emphasize information etc. Colours have three dimensions: hue, value, and chroma (saturation) (Dent, 
1999). 

Hue – is the different colours i.e. red, red-orange, green, blue-green, blue etc. (Dent, 1999). Hue 
depends on the wavelength of the light reflected or emitted from a surface. One way of illustrating the 
colours and their relationships is with a colour wheel. Figure 2.7 shows a colour wheel with 12 colours. 
Theoretically a wheel may contain an almost infinite number of colours, but 12 are common. 

 
Figure 2.7. Shows a colour wheel with 12 colours.  
Value - is the lightness or darkness of a colour (Dent, 1999). High values are bright. 

Chroma (saturation) – is a measure of how “pure” a colour is (Dent, 1999). It can be explained by 
comparing a colour to a neutral grey. For grey, saturation is 0. When more “colour” is added, saturation 
increases and the colour will appear less grey. At 100% saturation there is no grey; the colour is “pure”. 

Colour systems 

To define colours different colour system are used. Here RGB, CMYK, and HSV are described. RGB and 
CMYK are hardware-oriented. HSV is user-oriented, that means it is based on how humans perceive 
colours (Slocum et al., 2005). 

RGB (Red, Green, Blue) – colours are created by illuminating a surface with different intensities of red, 
green and blue. It is an additive system; if the intensity is maximal for red, green, and blue, the resulting 
colour is white. RGB is e.g. used by computer monitors. 

CMYK (Cyan, Magenta, Yellow, Key-black) – is a subtractive process using the colours cyan, magenta, 
and yellow. In theory maximal value for these three would create a black colour; however, in practise 
this is not always true. Hence, a key colour i.e. black is used. CMYK is e.g. used by printers. 

HSV (Hue, Saturation, Value) – uses the three dimensions (hue, saturation and value) to define a colour.  
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2.4.1.3 Symbology design principles 
Large parts of this chapter have been about choices. For example what scale to use, what geographic 
data to include, and which generalization operations to apply. Symbolization is also about choices. The 
task for the cartographer is to make good choices along the process of creating a map. Since there is no 
“correct” way of symbolizing a specific set of data, there are no specific rules to follow; however, there 
are guidelines telling which visual variables are suitable for which data. Since maps are medium for 
graphic communication the design of the symbology follows principles of graphic design; the most 
important principles for cartography are: legibility, figure-ground organisation, contrast, and visual 
hierarchy (Robinson et al., 1995). 

Legibility 

The first rule when using graphic symbols is that they must be easy to read and understand (Robinson et 
al., 1995). For example, point symbols must be large enough and the shape should not be too complex, 
and lines should be wide enough to be distinguishable. Distances between symbols must also be 
considered; symbols that are too close are not possible to distinguish from each other.  

Legibility must be considered during the entire cartographic process. It is important that the symbols 
used in a map are easy to distinguish from each other. This is related to the selection process; the more 
data included the more difficult to distinguish feature types from each other. For successful 
communication only data required to fulfil the purpose of the map should be visualized. However, it 
might be so that the map is difficult to read, but all data included are required; then further cartographic 
generalization may help.  

Figure-ground organization 

When a person looks at an image it is immediately organized into a figure, on which the eyes settle and 
a ground surrounding the figure (Robinson et al., 1995). The figure is perceived as an object in front of, 
or above its surroundings, while the ground is less distinct and somewhat formless. An example could 
be a painting of a tree on a wall. Looking at the painting, the tree is the figure and the surroundings the 
ground; looking at the wall, the painting is the figure and the wall is the ground. This separation into 
figure-ground is a fundamental characteristic of visual perception and it is done unconsciously.  

Figure-ground organization is essential when designing symbology. In a map where figure-ground 
separation is obvious a user can spend time analysing the important information instead of spending 
time figuring out what the map is showing. Figure 2.8 illustrates the figure-ground phenomenon. For 
further examples of how to improve figure-ground see e.g. Dent (1999). 

What most resembles a figure in Figure 2.8a is the closed polygon (a pond) in the upper right part; the 
rest is a line undulating the ground. In Figure 2.8b land is filled with a brown colour and in Figure 2.8c 
water is blue. In these two figures it is more obvious what is land, but the pond is still eye-catching. In 
Figure 2.8d boundaries are added. These additional details make the island more dominating and it 
emerges as the figure and the water surrounding it as background; the pond is less eye-catching. 
However, adding detail to stress figure-ground may lead to important information being obscured.  

 
Figure 2.8. Shows four simple maps of an imaginary island to illustrate figure-ground organization (see 
text for explanations). 
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In Figure 2.9, the area included in the map is extended so that the entire island is included. This map is 
easier to read since the figure-ground separation between island and water is more obvious.  

 
Figure 2.9. Shows the same island as in Figure 2.8, but here the entire island is shown. This makes the 
island more obviously stand out as a figure. 
If an area is well known it is easier to distinguish figure from ground. The island in Figure 2.8 and 2.9 is 
imaginary. Hence, it is not familiar and extra effort must be made to present the island as figure.  

When colours are used to enhance figure-ground the best combination is yellow on black and the least 
suitable is red on green (Dent, 1999; see Figure 2.10). Compare with Figure 2.11 that shows the colour 
combinations most suitable (black on yellow) and least suitable (green on red) for text. 

 
Figure 2.10. Shows the colour combinations that give the most (yellow on black – right) and the least 
visible figure-ground organisation (red on green – right). 

 
Figure 2.11. Shows the colour combination that gives the most readable text (black on yellow) and the 
most difficult text to read (green on red). 

Contrast 

How visible a symbol is depends on the contrast to background and adjacent symbols. No matter how 
large a symbol is, it will be difficult to read if contrast is too small. Areas with great contrast tend to 
draw more attention than areas with low contrast (Robinson et al., 1995). This implies there should be 
large contrast in important areas of a map. However, to reach the highest contrast is not always 
desirable. It might be so that some features only differ slightly; then the contrast between the symbols 
used for these features should be low. It is also so that features that are considered as similar in one map 
and hence, should have low contrast may be considered different in another and hence, should have high 
contrast. For example, coniferous forests might be symbolized in a similar fashion as deciduous forest; 
both are forests. However, if the map is used to study the distribution of deciduous forest, deciduous 
forest should be emphasized. Yet another map may visualize the areas of deciduous forests that have 
changed to coniferous. Then coniferous may be dark green, deciduous light green (similar to coniferous) 
and coniferous that previously were deciduous red to enhance changes.  

Contrast may also be used to enhance figure-ground organization. Contrast also shows differences (high 
contrast) and similarities (low contrast). Hue, value, size, texture etc. can be used to increase contrast 
(Figure 2.12).  
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As mentioned, important areas of a map should have high contrast to place them high in the visual 
hierarchy (see below). It is, however, so that compromises are frequently done. A cartographer may e.g. 
want a strong contrast between land and water along a coastline. For this, one side should be light and 
the other dark in colour. If the cartographer also wants to visualize greater depths with darker shade the 
shallow water should be light. That implies land must be visualized in a dark colour to enhance contrast 
along the shore. However, dark land means features on land will be less distinct. In cases like this, 
conflicting aspects must be weighted to find suitable symbology. 

 
Figure 2.12. Shows how contrast can be increased by hue, value, size, and texture. Note that higher 
contrast also gives a better figure-ground separation. 

Visual hierarchy 

Since a map is complex, a graphic structure is required for successful communication; important 
information should be emphasized (Robinson et al., 1995). Visual hierarchy is used to invoke this 
graphic structure by designing symbols so that important information is emphasized. This is related both 
to figure-ground organization - important information is figure, and contrast - high contrast is used for 
important information.  

If hue is used to enhance visual hierarchy, red and orange are suitable for highlighting important 
information; however, extensive use may give a map that is difficult to read (Granath & Elg, 2006). 

Colour conventions 

There are conventions related to colour that should be followed when designing maps: water should be 
symbolized in a blue colour and forests/vegetation should be in (dark) green (Kraak & Ormeling, 2010; 
Arnberg & Rystedt, 2008; Brodersen, 2002). Other rules are: built-up areas are normally red, grey or 
pink (Kraak & Ormeling, 2010), roads are often red (Brodersen, 2002), and yellow are used for barren 
land and deserts (Dent, 1999; Brodersen, 2002).  

                        2.4.1.4 Visual variables and measurement scale 
How suitable a visual variable is for visualizing data depends on measurement scale; that is if data are: 

Nominal – differences are of qualitative nature, e.g. landuse or language, and cannot be ordered. 

Ordinal – data are ordered but the difference is not numerically known, e.g. small-medium-large. 

Interval – numerical values are known and differences may be computed, e.g. 10 degrees Celsius are 
10 degrees cooler than 20 degrees; 20 degrees are however not double as warm as 10 degrees. 

Ratio – data that has a defined zero-point, e.g. rainfall; it is possible to say 20 mm rain is twice as 
much as 10 mm rain. The Kelvin scale for temperature is a ratio scale since zero is absolute zero. 

Here interval- and ratio scales are combined to numerical scale (cf. Slocum et al. (2005)). 
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Visual variables for point symbols 

Brodersen (2002) suggests hue (colour) is the most suitable visual variable for nominal scale, followed 
by orientation and shape (Figure 2.13). It is also possible to combine hue and shape. Value (colour) and 
size in contrary, gives an impression of order and are hence less suitable.  

 
Figure 2.13. Suitable visual variables for point object of nominal scale. 
For ordinal scale, value (colour) is more suitable, and for numerical scale size (Figure 2.14). This since 
value gives an impression of order, but it is difficult to perceive any numerical difference. For size the 
numerical difference is more obvious (Slocum et al., 2005). It is also possible to use the secondary 
visual variables, but they tend to give a less aesthetical impression.  

 
Figure 2.14. Suitable visual variables for point object of ordinal (left) and numerical (right) scale. 

Visual variables for line symbols 

Also for line symbols, Brodersen (2002) suggests hue (colour) is most suitable for nominal scale (Figure 
2.15). For ordinal scale, value (colour) is preferred and for numerical scale size, with the same 
motivation as for points. 

 
Figure 2.15. Suitable visual variables for line objects of nominal (left), ordinal (middle) and numerical 
(right) scale. 
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Visual variables for area symbols 

Figure 2.16 shows which visual variables are suitable for visualizing data in choropleth maps depending 
on measurement scale according to Slocum et al. (2005). Here that is interpreted as area symbols in 
general. Note that size and shape are included for area symbols (cf. Figure 2.4) and arrangement has 
different definition compared to Figure 2.5; it is only arrangement that varies, not shape. 

For nominal scale, shape, hue (colour), arrangement, and orientation are most suitable.  

For ordinal scale, hue (colour) and value (colour) are preferred. For ordinal data e.g. yellow-orange-red 
may be used since orange is a mixture of yellow and red; however, hue may be difficult to give an order 
and the risk of misunderstandings should be considered.  

For numerical scale, none of the visual variables discussed here is considered “good”. Texture may be 
used to visualize numerical data; distances between lines can be made dependant on attribute value. That 
is, however, not aesthetically pleasing. Size may be treated in a similar fashion as texture, but the 
relation between sizes may be difficult to see. For the variables related to colour, it is difficult to see the 
differences; for example, how much brighter or more saturated a colour is compared to another colour. 
Slocum et al. (2005) includes another variable, perspective height, a kind of 2.5D representation, where 
the value is visualized as the height; this is considered “good” for numerical data. 

 
Figure 2.16. Shows how suitable the visual variables are for nominal, ordinal, and numerical (interval, 
ratio) data in choropleth maps. Based on Slocum et al. (2005). Note that size and shape are used for 
area symbols (cf. Figure 2.4) and the term arrangement is used differently from Figure 2.5. 
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2.4.2 Typography and placement of text  
Typography and placement of text are important. Here text refers to text in the map; text in the margin, 
such as legend or other informative text, are not included. The main purpose of text is to name various 
features but text may also be used to indicate the nature of features, i.e. school, airport etc. (Kraak & 
Ormeling, 2010). 

Compared to text in books, text in maps has some special characteristics (Kraak & Ormeling, 2010). 
Texts in maps are individual words (names), not sentences. Spacing between characters may be large 
and text on maps does not have to be horizontal and is not organised in lines. There may be large 
variations in fonts and texts are scattered over a map. Words on maps are related to features in the map, 
not to each other. The selection of which names to include is important; text should neither be densely 
clustered nor evenly dispersed (Imhof, 1975). At the same time important names should be included. 

                        2.4.2.1 Typography 
Type refers to the words (text) on a map. Typography is the process of specifying, arranging and 
designing type (Slocum et al., 2005). A comprehensive description of typography is out of the scope of 
this paper. Interested readers may consult Dent (1999) or Slocum et al. (2005). 

Some general typographic guidelines related to cartography are (Slocum et al., 2005): 

- Avoid using decorative types since they may be difficult to read. 

- Excessive use of bold styles is not recommended as it may hide other information. 

- Avoid using more than two font families, e.g. Times new Roman or Arial; use different styles of 
the same family to convey differences, e.g. Arial Black – Arial Narrow – Arial – Arial Italic. 

- Avoid small font-sizes. Dent (1999) suggests the smallest size to use in maps is 6 points. 
Robinson et al. (1995) suggests 5 points. 

Type may also be used to convey hierarchies (Kraak & Ormeling, 2010). This could be done by 
applying different size, boldness, spacing, colour etc. on text as in Figure 2.17. 

 
Figure 2.17. Shows how hierarchies can be built by different style of text. 

                        2.4.2.2 Guidelines for placement of text 
Placement of text is important. Text should be easy to read and it must be easy to identify which feature 
the text belongs to. At the same time no important information should be hidden (Imhof, 1975). In some 
situations it is not possible to avoid placing text over other information; then a halo or mask can be used 
to increase legibility as in Figure 2.18 (Slocum et al., 2005). 

 
Figure 2.18. Shows how halo (left) and mask (right) are used to increase legibility in a situation where 
it is not possible to avoid placing text over other information in the map. 
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There are different guidelines for placement of names depending on if the feature labelled is a point, line 
or area feature. Below short descriptions are given; interested readers are suggested to consult Imhof 
(1975) or Slocum et al. (2005) for detailed descriptions and illustrative figures. 

Names of point features 

For point features, or small polygons, names should be written horizontally (Imhof, 1975). A name 
should be placed in the position with the highest rank according to Figure 2.19. Most suitable position is 
slightly above the point as position (1) (Imhof, 1975). Second best is to the right slightly below the 
feature position (2) (Slocum et al., 2005). It is always recommended to place a name to the right of the 
feature; hence the rank for position (3) and position (4) (Imhof, 2005). 

If there is only space available above and below the feature it is preferred to place the name above 
(Imhof, 1975). Rank for position (5) and position (6) from (Slocum et al., 2005). Placing names in line 
with the feature is not recommended, since there is an “unfavourable optical coincidence” (Imhof, 1975 
p. 132). That is the feature may be mistaken for a character in the name.  

 
Figure 2.19. Shows the rank of placement of names for point features and small polygons. 
Other literature suggests other rankings; however position (1) seems to be ranked highest by all and for 
the other there are only slight deviations.  

For points features close to linear features it is preferable to place the text on the same side as the feature 
named; text crossing the line feature should be avoided unless the feature is e.g. a city that lies on both 
sides of a river (Figure 2.20) (Imhof, 1975). In a similar fashion places on the shore should be placed in 
the water, and places on land but close to the shore, should be placed on land.  

 
Figure 2.20. Shows placement of names for cities that are close to or lying on both sides of a river.  
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Names of linear features 

Names of linear features should be placed along and over the feature in the same direction as the line, 
preferably where the direction is close to horizontal (Imhof, 1975). In Figure 2.21, river (1) is preferred 
to river (2) (should not be below the line) and river (3) (close to horizontal is preferred). If there is 
another linear feature running parallel to the named feature, e.g. a road parallel to a river, the name 
should not be placed as river (4) where the road is between the river and the name of the river. For long 
line features the name should be repeated with suitable intervals.  

 
Figure 2.21. Shows placement of names of a river where river (1) is preferred to river (2), (3) and (4). 

Names of areal features 

A prerequisite when writing text in an areal feature is that the feature is large enough to contain the 
name. If not, the feature should be labelled as a point feature (Slocum et al., 2005). Some rough 
guidelines are that names should be stretched so that the text covers most of the area as in Figure 2.22 
(Imhof, 1975). When text is stretched lower case letters may give a disjoining impression (Figure 2.22, 
left) (Slocum et al., 2005). If text is bent it should be bent towards the horizontal (Imhof, 1975). 

 
Figure 2.22. Shows placement of text in areal features. Lower case letters (left) may give a disjoint 
impression compared to capital letters (right). 

2.4.3 Map Layout 
Until now, this chapter has described the part of a map where geographic data are presented. However, 
when designing a map also other map elements should be included. These elements are described 
shortly in this section, where the term mapped area refers to the area where geographic data are 
presented. Map refers to the whole product, i.e. both mapped area and additional map elements. 
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Additional map elements 

Cartographic conventions describe map elements that should be included in a map; however, the 
elements are different in different literatures. The list below is mainly from Arnberg & Rystedt (2008). 

Title – gives information about the map, e.g. the theme for a thematic map. 

Legend – tells what the symbols used in the mapped area means. 

Scale – numerical scale, verbal (e.g. “one cm to the km”) scale, or a scale bar is important to give an 
idea about distances. However, note that, especially for small scale map, scale is not constant. 

Grid – is used for positioning. For thematic maps grid may be omitted. 

Projection – tells which projection is used for the map. 

Author, data source etc. – information about who created the map and when, the source of the 
geographic data etc. should be stated in the map. 

North arrow should also be included to know the orientation of the map (Slocum et al., 2005). 

Other elements that may be included are (Slocum et al., 2005):  

- Frame line around the entire map and neat line around the mapped area. 

- Inset, e.g. an overview map to show the location of the mapped area, or an enlargement of an 
area of interest. 

More detailed descriptions and illustrations of map elements are given in e.g. Slocum et al. (2005). 

Composition of map elements 

When the layout of the map is done the map elements’ relative importance (cf. visual hierarchy) should 
be considered. According to Arnberg & Rystedt (2008) this should be done in three levels: 

- On the highest level is information that helps a reader of the map to find the main theme. In the 
mapped area this is emphasized by the symbols; these symbols should be placed on top in the 
legend. However, the legend should be placed so that the mapped area is the main focus 
(Granath & Elg, 2006). Title and other information that enables a reader to fast understand the 
main theme should also be on the highest level. 

- On the second level is background information in the mapped area. Symbols used for this should 
be placed below the main theme in the legend. Source of the geographic data belong to this level. 

- On the lowest level is information such as grid, reference system (projection), scale, author etc. 
This information should be more of background information to the map. 

When placing map elements it is important to consider balance, focus of attention and internal 
organization (Dent, 1999). However, the content of the mapped area is more important than the design. 

Balance – is about how the placement of map elements affects the map visually (Dent, 1999). Figure 
2.23, left shows how balance is affected by the placement of an object. 
When placing map elements a cartographer should consider that an image has an optical centre located 
slightly above the geometric centre (Figure 2.23, middle). Balance should be around the optical centre.  

When dividing an image, e.g. the area inside a map frame, the golden section gives a visually favourable 
division (Figure 2.23, right). If it is not possible to follow the golden section it is always preferred to 
divide an area into sections that are of different sizes. 
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Figure 2.23. Shows how the placement of an object affects the balance of an image (left); geometric and 
optical centre in an image (middle); and a rectangle divided into smaller rectangles using the golden 
section (right). Inspiration from Dent (1999). 
Focus of attention – when a person looks at an image the eyes normally move over the image from 
upper left to lower right, as in Figure 2.24 (Dent, 1999). This should be considered when placing the 
map elements so that more important information is perceived early. 

 
Figure 2.24. Shows how the eyes of a reader move over a map. Based on Dent (1999). 
Internal organization – refers to the underlying structure of the elements in a map (Dent, 1999). It is 
e.g. preferable to have some kind of alignment between elements instead of placing them randomly 
scattered within the map frame. 

2.5 Web cartography 
Web cartography is about designing maps published on the Internet. Here these maps are called screen 
maps. All screen maps are, however, not viewed online. Digital maps stored on CD, or geographic data 
visualized in a GIS-environment are also viewed on screens.  

In many aspects screen maps are similar to maps printed on paper and most of the principles described 
above should be followed. There are, however, considerations unique to screen maps (Van den Worm, 
2001). When designing a screen map the cartographer does not know the environment in which the map 
is viewed. It may be a large screen with high resolution or a small screen with low resolution. How 
colours are displayed and which fonts are installed are also unknown. The file size of maps on the web 
should be small; users do not want to wait for a map to be downloaded. This concern is, however, 
getting less important with increasing capabilities of Internet connections even for mobile devices. 

Other considerations when designing maps for the web is that users are likely to be less experienced 
map readers and the viewing time is often short (Van den Worm, 2001). This implies visual hierarchies 
are important to highlight important information and the main theme of the map. 

There are also advantages. Screen maps can be interactive. They can be viewed at any scale by zooming 
functions and users can view different areas seamlessly with panning functions.  
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Symbol design for screen maps 

Point symbols – Since maps published on the Internet may attract less experienced map reader it is 
common to use pictorial symbols (Van den Worm, 2001). However, maps may be viewed on screens 
with limited resolution, so complex symbols should be avoided. 

Line symbols – Also for line symbols screens with limited resolution must be considered. Lines must be 
wide enough and visual variables such as orientation and texture are less suitable (Van den Worm, 
2001). 

Area symbols – Many web design programs offer tools to design complex area symbols (Van den 
Worm, 2001). However, the file size should be kept small and complex symbols may have opposite 
effect to what is desired if important information is lost in complex symbology.   

Colours for screen maps 

As mentioned, a cartographer does not know in which environment a screen map is viewed. If symbols 
are designed on a screen with 16.8 million colours (24 bits) there is a large risk they are dithered if 
viewed on screen that displays less colours (Feringa, 2001). That means instead of displaying the 
original colour, a mixture of available colours are displayed to resemble the original. Figure 2.25 shows 
an example where grey is displayed by dithering black and white. To avoid this, a cautious approach 
using 256 colours is preferred even if most screens nowadays can view more colours (Van den Worm, 
2001). For this the Web safe colour palette consisting of 216 colours (see e.g. Kraak & Ormeling, 2010, 
plate 24) can be used. However, for maps it is a limitation that the palette offers few pale colours. Since 
background information should be pale to support visual hierarchies more pale colours than available in 
the web safe colour palette are often needed. 

 
Figure 2.25. Shows dithering of black and white to display grey. Based on Universite de Lyon (2011). 

Typography and placement of text on screen maps 

For screen maps it is recommended to use simple styles. Nissen et al. (2003) suggests sans-serifs such as 
Arial or Verdana. These simple styles lack personality but legibility is more important. Italics should 
be avoided since there is a risk letters are jagged, especially if the text is curved, e.g. along a river.  

To be sure that text appears as desired it is recommended to save it in raster format (Van den Worm, 
2001). Font size should not be smaller than 10 point (cf. paper maps, section 2.4.3.1). If text is sent as 
vector it should be a common font that most likely is installed on the device where the map is viewed.  

Text is either placed by the cartographer or in real-time when the map is rendered. For real-time 
placement there is extensive research (see Wolff, 2011, for a bibliography).  
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3. Spatial data infrastructures and geoportals 
This chapter gives an overview of spatial data infrastructures (SDI) in general, and short introductions 
to SDIs in Europe and Sweden. The last part gives an overview of geoportals, and introduces the 
Swedish geoportal, Geodataportalen. 

3.1 Introduction 
At a national level geographic data are collected and used by a wide range of departments from 
governmental to municipality. Data are anything from statistics about population to nationwide plans for 
infrastructure or national parks. In the academic world much research is based on geographic data, not 
only in departments of geography, but also other, e.g. a medical department analysing the spread of 
diseases. Commercial companies use geographic data: construction companies build houses, forestry 
companies have management plans for their forests, tourism industry needs maps, logistic companies 
plan their transportation etc. How could all these geographic data be shared between users efficiently? 
How can a user search data? Who should be responsible for collecting and maintaining data? These are 
questions that a Spatial Data Infrastructure (SDI) aims at answering.  

One important part of an SDI is a geoportal. That is a website where a user can search, view, and 
download geographic data distributed over a network. A geoportal is sometimes called a clearinghouse. 

3.2 Spatial Data Infrastructures  
A Spatial Data Infrastructure (SDI) aims at facilitating search and retrieval of geographic data (GSDI, 
2010). It handles technical as well as administrative aspect. Many countries have, or are building, an 
SDI on national level. On European Union (EU) level there is the Infrastructure for spatial Information 
in Europe (INSPIRE) directive (European Commission, 2010a). On global level the Group on Earth 
Observations (GEO) is one organisation aiming at building an SDI related to environment (GEO, 2010).  

An SDI involves many aspects, such as technical and administrative. Hence, it is not easy to find a 
simple definition. According to GEO (2010) the word infrastructure is used to introduce the concept of a 
reliable and supporting environment analogous to a transportation or telecommunication network. 
Instead of cars or phone calls “travelling” in the network, it is geographic data. The SDI describes the 
protocols, specifications, practices etc. needed for the communication over the network. 

It is, however, not sufficient to define how data should “travel”, or rather be distributed over a network. 
It is equally important to know how to find and evaluate data. For this purpose standardized metadata 
are important (Peng and Tsou, 2003). Metadata are data about data. It is e.g. information about who 
collected the data, when data were collected and/or updated, and the quality of the data. Metadata 
elements to use for these descriptions are given by the ISO-standard ISO19115 (ISO, 2010b).  

There is also an administrative aspect of an SDI. There must be agreements on access to data and fees 
applying to the data. Some data may be available for free for all users, while some data need a license to 
view or download; some data is only available to view, while others may be downloaded etc. 
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3.2.1 INSPIRE 
INSPIRE is a directive with the aim to create an SDI for EU (European Commission, 2010a). INSPIRE 
is important for the support of environmental policies. The directive came into force in 2007, and it must 
be fully implemented by members of EU by 2019, i.e. implementing INSPIRE is an ongoing process. 

INSPIRE defines an SDI to include (European Union, 2007):  

Metadata – examples of metadata elements in INSPIRE are: quality, contact information to the data 
provider, and temporal reference (when data were created, modified etc.). 

Spatial data sets and spatial services – refers to the geographic data and services that enable access to 
the data. Examples of services are: discovery services, view services, and download services.  

Network services and technologies 
Agreements on sharing, access and use of data 
INSPIRE also includes coordination and monitoring mechanisms in their definition. 

According to INSPIRE geographic data should be stored, made available and maintained where this is 
done most efficiently (European Union, 2007). Sharing of geographic data between users and 
applications should be facilitated and it should be possible to combine data from several sources. Other 
important aspects are that data should be easy to find and it should be easy to evaluate if data are 
suitable for a specific purpose. The conditions to the usage of data are also important, e.g. how data are 
allowed to be used, and if there are any fees applied to the data. 

3.2.2 Swedish National Spatial Data Infrastructure 
In Sweden, Lantmäteriet (The Swedish Mapping, Cadastre and Land Registration Authority) together 
with the Geodata Advisory Board (see Geodata (2010a) for information about members) are responsible 
for the formulation of a national strategy for the integrated provision of information in the geodata 
sector (the Geodata strategy) (Geodata, 2009). Sveriges kommuner och landsting (Swedish Association 
of Local Authorities and Regions) and affected authorities in the public sector are also involved in the 
process. Since Sweden is a member of EU, the INSPIRE directive has a strong influence on the strategy.  

The objectives of the strategy are to:  

- Create a national infrastructure for the geodata sector. 

- Contribute to the development of a Swedish public administration (e-governance). 

- Encourage close co-operation between the private- and public sectors to create a favourable 
environment for the creation of value-added geodata. 

To fulfil the objectives eight points to focus on are identified (Geodata, 2009). It is e.g. important to 
build a common information structure, develop the technical infrastructure, and harmonize and enable 
access to metadata. Geographic data should be in a common reference system to avoid transformations. 
In addition it is important to create a legal framework and rules for financing and pricing.  
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3.3 Geoportals 
Geoportals are key features of an SDI (Crompvoets, 2006). A geoportal can be used as an entry point to 
a network of services that enables a user to search, view, and/or download geographic data. The data are 
not stored in the geoportal; it is a gateway to data and services. Geoportals enable more focus on 
visualizing/analysing data, and less time needs to be spent searching data. A geoportal consists of 
(GSDI, 2010):  

- Catalogue service – gives descriptions of both web-based geographic services, such as view- 
and download services, and the data available from these services (Bernard et al., 2005). It is 
both for a user to search services/data, and for a provider of a web-service to publish metadata.  

- Metadata repository – a database where metadata is stored. 

- Spatial services – web-based services for geographic data (Bernard et al., 2005): view services 
for visualizing data, download services to download data and process services for processing 
data (e.g. generalization and transformation services). Many services only facilitate viewing and 
downloading of data. 

- Registry service – spatial- and catalogue services register in the registry service to enable the 
geoportal to find them. 

 

There might also be: 

- Gazetteer service – a service that maps a geographic name to a location, or vice versa. That 
means it enables a user to base a search for data on the name of e.g. a city (Hill, 2000).          

- Thesaurus service – helps to provide harmonised vocabulary for published services and data as 
well as for queries and analysis of geographic data (Bernard et al., 2005). This is important for 
semantic interoperability. 

When a user connects to a geoportal to search for data, the search is redirected to the metadata 
repository, via the catalogue service. Available data and services are advertised to the user. See Figure 
3.1. Note that the figure is simplified. There may e.g. be multiple catalogue services and metadata 
repositories, and the databases where the spatial services store their data are not included. 

 
Figure 3.1. Shows the structure of a geoportal. Inspiration from Mansourian et al. (2010). 
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3.3.1 Examples of geoportals 
One example of a geoportal is the European commission INSPIRE geoportal (European commission, 
2010b). At the time of writing the geoportal is only a prototype with limited data available. 

In Sweden the construction of a geoportal, named Geodataportalen, is an ongoing process (Geodata, 
2010b). In the future, producers of geographic data, such as municipalities, private companies, and 
authorities, will be able to advertise their data and/or services in the geoportal. The geoportal will then 
be an entry point where available data can be searched, viewed, and downloaded. Figure 3.2 shows the 
interface of Geodataportalen. The left part (Sökpanel) facilitates searching geographic data, e.g. by 
selecting a category of interest in the pull-down list. Data and services available from selected category 
(here “miljö”) are displayed in the list to the right (Resultat). In the map (Karta) selected data are 
visualized. In the list to the right (Lagerlista) selected data are handled, e.g. transparency of symbols can 
be adjusted and layers activated/de-activated. At the time of writing a limited amount of data and 
services are available. 

 
Figure 3.2. Interface of the Swedish geoportal, Geodataportalen. Source http://www.geodata.se/sv/ 
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4. Standards used in geoportals 
This chapter starts with a general description of standards and standardization bodies related to 
geoportals, followed by a description of Information/Communication Technology (ICT) standards. 
Finally standards used for viewing and distribution of geographic data over the Internet are described. 

4.1 Standards  
The formal definition of a standard according to the International Organization for Standardization 
(ISO) is “a document, established by consensus and approved by a recognized body, that provides, for 
common and repeated use, rules, guidelines or characteristics for activities or their results, aimed at the 
achievement of the optimum degree of order in a given context” (ISO, 2010a).  

Standards can be divided into de jure standards, which are formal technical standards, and de facto 
standards, which are technical solutions developed by one company or organisation that is widely 
accepted. One example of a de facto standard is the Shape format developed by ESRI (ESRI, 1998).  

De jure standards are decided by ISO or other standardization bodies. A de jure standard is not 
mandatory to follow, but the more followers a standard has, the more beneficial it is likely to be. If e.g. 
all geographic data were stored and distributed according to common standards sharing of data would be 
easier. One thing about ISO standards that could be seen as a disadvantage is that they are not for free; a 
user must pay to use them. In contrast to this there are also open standards available for free. 

4.2 Standardization bodies 

Global level 

ISO is a network of several national standardization bodies with one member per country. Sweden is 
represented by the Swedish Standard Institute (SIS) (SIS, 2010). There are several international 
standards developed by ISO; of interest to this master thesis is mainly the ISO series 19100, which 
contains standards, related to geographic information (Stanli, 2010). 

The process of developing international standards within ISO is done by different ISO Technical 
Committee (ISO/TC). The ISO/TC responsible for standards related to geographic information is 
ISO/TC 211 (ISO/TC211, 2010). 

European level 

On a European level standards are defined by the European Committee for Standardization (CEN) 
(CEN, 2010). A standard can be both an ISO and a CEN standard. If a standard is an ISO standard it is 
optional for ISO-members to follow. CEN standards on the other hand must be followed by its 
members; no national standards that contradict a CEN standard are allowed (Rannestig and Sandgren, 
2008). 

National level (Sweden) 

On a national level in Sweden, standards are defined by SIS. Standards related to geographic 
information are handled by Stanli, which is a part of SIS (Stanli, 2010).  
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4.3 Information/Communication Technology (ICT) standards 

4.3.1 The Internet Engineering Task Force (IETF) 
IETF is an organisation that develops open Internet standards (IETF, 2010). Examples of open standards 
developed by IETF are protocols such as Internet Protocol (IP), Uniform Resource Locator (URL) and 
Hypertext Transfer Protocol (HTTP). The products developed are called Request for Comments (RFC). 
Below some of the IETF standards relevant for Internet based map services are described. 

Uniform Resource Locator (URL) 

A URL is the name of a resource on the Internet and a way of reaching that resource. It is the URL that 
is given in a web-browser to reach a certain web site. It is described in RFC 2396 and RFC 2732 (IETF, 
2010). The format of a URL is given as: 
protocol://hostname/path/object 

where: 

protocol – is the protocol used for communication, e.g. HTTP 

hostname – is an Internet address e.g. www.giscentrum.lu.se or 127.0.0.1 

path – is the path to the resource that is called e.g. /geodata.htm 
object – is the name of the file/image/document to reach. 

Hypertext Transfer Protocol (HTTP) 

HTTP is a protocol that defines the communication between a client and a server over the Internet. 
Communication is carried out as a request-response interaction. The client sends a request to the server 
and the server returns a response. Client can be a web browser or any program communicating with a 
server over the Internet. A web server is a program that receives a request from a client and returns a 
response. It can return a website to the client to display or it can be a web-based map service that returns 
a map. HTTP version 1.0 and 1.1 are described in RFC 1945 and RFC 2616 (IETF, 2010). 

There are different methods to send requests via HTTP. Of interest here are GET and POST. When the 
GET method is used, the query string is part of the URL. In the example below the part before the 
question mark is the URL of the online resource, and the part after is the query string. When using a 
web-browser GET and HTTP 1.0 are omitted. 
GET http://www.wms.org/map.cgi?SERVICE=WMS&REQUEST=GetCapabilities HTTP 1.0 

When a POST request is sent the first part is a header which gives the URL of the resource and content 
type and length of the query string; the query string is sent separately. Hence, POST is suitable for 
longer queries. The same request as above sent with POST is: 
POST http://www.wms.org/map.cgi HTTP 1.0 
Content-type: application/x-www-form-urlencoded 
Content-length: 35  
 
SERVICE=WMS&REQUEST=GetCapabilities 

Transmission Control Protocol / Internet Protocol (TCP/IP) 

To enable an HTTP communication there must be protocols defining how the requests/responses are 
travelling between computers. This is controlled by TCP/IP (Harold, 2004). IP defines how data travel 
between computers in a network. Data are split into small packages that are sent one-by-one over the 
network. Packages that are part of the same data may travel different routes. TCP ensures that all 
packages reach their destination and that they are placed in the same order as they were transmitted.  
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Common Gateway Interface (CGI) 

CGI defines how to include parameters when sending a request to a server; it is described in RFC3875 
(IETF, 2010). A CGI-command is sent as a URL-prefix followed by the parameters, separated by a 
question mark as in the example below:  
http://www.anywms.org/mapserv.exe?PARAMETER1=value1&PARAMETER2=value2 

Where the part before the question mark is the URL for the online resource; that is the program 
mapserv.exe, which is an external program (not part of the server). Parameters with values are given in 
the query string after the question mark as a list of parameter=value pairs, separated by ampersands. 
When a client connects to the web server on www.anywhere.se, the server starts the program 
mapserv.exe and pass the query string PARAMETER1=value1&PARAMETER2=value2. The program 
executes and the result is sent as a response to the client.  

Multipurpose Internet Mail Extensions (MIME) 

MIME is an IETF standard covered in several RFCs. It is used to specify the format of a message sent 
with HTTP over the Internet (IETF, 2010). For an XML document the MIME-type is “text/xml”. 

4.3.2 World Wide Web Consortium (W3C) 
World Wide Web Consortium (W3C) is a consortium that develops open standards for web technologies, 
called W3C recommendations (W3C, 2010a). W3C works close together with ISO and some of their 
recommendations have become ISO standards. Examples of recommendations relevant here are: 
eXtensible Markup Language (XML) and Cascading Style Sheets (CSS). There are also W3C 
recommendations for graphical formats that can be used for a map created in a web-based map service: 
Portable Network Graphics (PNG), Scalable Vector Graphics (SVG), and Web Computer Graphics 
Metafile (WebCGM). These are described in 4.4.2.3 

eXtensible Markup Language (XML)  

XML is a text-based format for representing structured information such as documents, data, and books. 
It is one of the most common formats for sharing structured information (W3C, 2010d). Strictly 
speaking XML is not a markup language, since it does not define any elements. It might be seen as a 
markup language toolkit, which provides the tools needed to define a markup language (Ray, 2003). It is 
out of the scope of this master thesis to give a description of XML. Interested readers may consult W3C 
(2010a) where information, tutorials etc. are available, or books such as Ray (2003). 

Since the name of an element in XML is defined by the developer, it might be so that elements in 
different XML-documents share the same name. This may lead to naming conflicts (Peng and Tsou, 
2003). To avoid this W3C has defined a standard, Namespaces in XML (W3C, 2010e). There may e.g. 
be an element called street in two XML-documents. By defining namespace prefixes to these documents 
doca and docb, street elements can be separated by calling them doca:street and docb:street.  

Cascading Style Sheet (CSS)  

In the early days of Internet, web-pages were simple with mainly text in a few styles, e.g. body and a 
few headings. However, web-pages became more complex with more styles. This made both coding and 
the language used for creating web-pages Hyper Text Markup Language (HTML) more complex. This 
development was the reason W3C defined the CSS-language with the purpose to separate content from 
presentation (Meyer, E. A., 2006); HTML contains the content and CSS describes how the content is 
presented. Two major advantages with the separation of content of web-sites encoded in HTML from 
presentation in CSS are (Powers, 2009): 

 

http://www.w3.org/Style/CSS/
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- Easier to read and maintain web-sites since the HTML code is less complex. 

- The appearance of an entire web-site may be adjusted by just changing the CSS-document. 

CSS is not limited to web-sites. The presentation of any kind of document encoded in HTML or XML-
based markup languages can be described by CSS (W3C, 2010c). This is utilized in web-based map 
services for defining styles of symbologies. 

4.4 Standards for viewing and distributing geographic data 

4.4.1 Open Geospatial Consortium 
The Open Geospatial Consortium (OGC) is an international consortium working for the development 
and implementation of open standards in the field of geographic information (OGC, 2010a). The 
standards describe interfaces for making geographic data and services interoperable. That means it 
should be possible to get geographic data from several sources, no matter what software and data format 
is used, and combine them without spending much time converting between formats.  

Members are commercial companies, governmental organisations, universities, research organizations, 
and individual members from all over the world e.g. Carmenta AB, ESRI, Google, and several lands 
survey department (OGC, 2010b). OGC is mainly financed by membership fees (OGC, 2010c). 

                        4.4.1.1 OGC standards 

OGC has developed several open standards. Some have become ISO standards. The most interesting 
standards here are OGC Web Service (OWS) standards.  

- Web Map Service (WMS) is used to view a map.  

- Web Feature Service (WFS) is used to download geographic data in vector format. 

- Web Coverage Service (WCS) is used to download geographic data in coverage/raster format. 

To enable user-defined symbology for a WMS-service OGC has defined: 

- Styled Layer Descriptor profile of the Web Map Service (SLD) version 1.1.0. (see 6.3.1) 

- Symbology Encoding (SE). SLD version 1.1.0. (see 6.3.2) 

Another OGC standard relevant for this master thesis is Geography Markup Language (GML). GML is 
an XML-dialect for encoding geographic data (GML, 2007). OGC has also defined a standard for 
processing services, e.g. generalization operations or methods for creating buffer zones, namely the Web 
Processing Service (WPS) (WPS, 2007). 

4.4.2 Web Map Service (WMS) 
This section describes the WMS standard. In the description the following conventions are used: 

- attributes are written in italics. 
- name of requests (operations) are in italics. 
- parameter names are in CAPITAL letters. 

Several examples of requests are given. Some of these are split into more than one line to make the 
examples easy to read. However, if a request is sent to a WMS-service it must be written on one line. 
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                        4.4.2.1 Introduction 
Web Map Service (WMS) is an OGC standard that enables a user to view a map from a remote server 
over the Internet. It is important to know how a map is defined in this context. OGC describes a map as 
“a portrayal of geographic information as a digital image file suitable for display on a computer screen. 
A map is not the data itself” (WMS, 2006). Since the map is an image it cannot be used for further GIS-
analyses. For a user that needs the geographic data, there are other OGC standards: Web Feature Service 
(WFS) for vector data and Web Coverage Service (WCS) for coverage (raster) data. 

The WMS standard defines two mandatory requests, GetCapabilities and GetMap, and the optional 
request GetFeatureInfo. Communication with a WMS-service typically follows the workflow in Figure 
4.1. First a GetCapabilities request is sent to get information about data available etc. Then a GetMap 
request based on the capabilities is sent to retrieve a map. The GetFeatureInfo request enables a user to 
query a specific feature in a map received from a GetMap request. 

 
Figure 4.1. Shows a typical communication with a WMS-service.  
The response to a GetCapabilities request is an XML-document describing the capabilities of the WMS-
service. The response to a GetMap request is a map.  

Communication between a user and a WMS-service is via HTTP. That means a user can connect to a 
WMS-server using a web-browser. There are, however, several WMS-clients available, both open 
source and commercial. Furthermore, many GIS-software can handle WMS. The latter is the easiest way 
to use a WMS-service. That way there is no need to learn how to read the XML-document describing 
the data and how to structure a GetMap request. That is taken care of by the WMS-client/GIS-program.  

                        4.4.2.2 Request rules 
Requests can be sent using either HTTP GET or POST (WMS, 2006). Only GET is described here. 

GET-requests for a WMS-service 

When using HTTP GET the first part of the request is a URL-prefix, followed by a list of Key-Value 
pairs, where the Key is the request parameter, e.g. SERVICE and REQUEST, as in the examples below: 
http://www.anywms.org/mapserv.exe?SERVICE=WMS&REQUEST=GetCapabilities 
Different parameters are separated by ampersand (NAME=value&). The order is not important. 
Parameter names are not case sensitive, but parameter values are. Here parameter names are written in 
upper case, e.g. LAYERS, to distinguish them from parameter values. Parameters that have more than 
one value e.g. LAYERS=lund,lund_buildings are comma separated with no space between the items. 
Some parameters may be left empty, e.g. STYLES=.  
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                        4.4.2.3 Web Map Service requests 
This section describes the GetCapabilities and the GetMap requests. Descriptions are from the point of 
view of a user communicating with a WMS-service via a standard web-browser: the user (1) sends a 
GetCapabilities request, (2) reads the XML document that describes the capabilities of the service and 
(3) defines a GetMap request (see Figure 4.1). If a WMS-client is used to communicate with a WMS-
service, the details are hidden from the user. 

(1) GetCapabilities 

A GetCapabilities request is sent to receive information about which layers are available, in which 
format the map can be requested etc. A simple request could be: 
http://www.anywms.org/mapserv.exe?SERVICE=WMS&REQUEST=GetCapabilities 

Important parameters in a GetCapabilities request are: 

SERVICE (mandatory) – for which service the request is; this is important since the server may offer 
other services, e.g. OGC Web Feature Service, that also has a GetCapabilities operation. 
REQUEST (mandatory) – for GetCapabilities, the parameter naturally shall be GetCapabilities. 

 (2) WMS Capabilities document 

The response to a WMS GetCapabilities request is an XML-document, here called WMS capabilities. 
The document describes the capabilities of the WMS-service with information such as what data are 
available, and how layers can be styled. It may also include information about the service provider, such 
as contact information. A more detailed description of the WMS capabilities is given in Appendix A. 

(3) GetMap 

The GetMap request returns a map. A sample WMS GetMap request is: 
http://www.anywms.org/mapserv.exe?SERVICE=WMS&VERSION=1.3.0& 
REQUEST=GetMap&LAYERS=districts,buildings,roads,water&STYLES=&CRS=EPSG:4326& 
BBOX=9.0,45.0,25.0,61.0&WIDTH=800&HEIGHT=800&FORMAT=image/png 

GetMap parameters 

Important parameters in a GetMap request are: 

VERSION (mandatory) – a request to a WMS-server must be in a version supported by the service. The 
version is given in the WMS capabilities document (Appendix A2). 

REQUEST (mandatory) - for GetMap, the parameter naturally is GetMap. 

LAYERS (mandatory) – which layers to include. It is important to consider the order of the layers. 
When the map is created layers are rendered by drawing the first layer in the list first, then the next layer 
on top of that etc. (see 6.2). That means polygons should be listed before lines and points, otherwise the 
polygons will be rendered on top of the lines and points.  

Layers available from a specific WMS-server is given by the WMS capabilities. It is the name of the 
layer that is used. The name is for machine-to-machine communication, the title is more descriptive and 
meant for a human user to understand. Only layers that have a name element can be requested; these are 
called named layers. 

STYLES (mandatory) – the style to use for each layer. As for LAYER, the name is used. There is a one-
to-one correspondence between layers and styles; the first layer in the layer list is rendered with the first 
style in the styles list etc. In the example below layerA is rendered with style1, layerB with style2 etc.  
LAYERS=layerA,layerB,layerC,layerD&STYLES=style1,style2,style3,style4 
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If only default styles are used the parameter may be left empty (STYLES=). It is, however, hidden in the 
WMS-server which style is default; it can be any available style regardless of the order in which they are 
listed. It is possible to mix default styles with user-selected styles by giving null values (an empty 
string) in the list of styles for the layers where default style will be used. In the example below layerA 
will be rendered with style1, layerB and layerC will be rendered with default styles, and layerD is 
rendered with style4. When a style other than default is requested that style is called a named style. In 
the example below style1 and style4 are named styles. 
LAYERS=layerA,layerB,layerC,layerD&STYLES=style1,,,style4 
CRS (mandatory) – the Coordinate Reference System of the map. Supported CRSs are advertised in the 
WMS capabilities document. For WMS versions prior to 1.3.0 the parameter is called Spatial Reference 
System (SRS) (WMS, 2002). 

BBOX (mandatory) – a Bounding BOX defining the area to include in the map. Values are given as a 
comma-separated list in the following order: minx,miny,maxx,maxy. Coordinate reference system is the 
one specified by the CRS parameter.  

FORMAT (mandatory) – in which format the map is requested; available format(s) are listed in the 
WMS capabilities. The entire MIME-string is used, e.g. FORMAT=image/png 

WIDTH, HEIGHT (mandatory) – the size of the map in pixels. If the request is for a picture format, 
e.g. jpeg or png, and the ratio WIDTH/HEIGHT is different from the aspect ratio (width/height) of the 
values given for BBOX, the map will be stretched so it corresponds to the aspect ratio of the BBOX.  

Extended capabilities and operations 

The WMS standard allows additional capabilities and operations to be added. If that is done, they are 
advertised in the ExtendedCapabilities and/or ExtendedOperations elements in the WMS capabilities. 
Additional request parameters can also be defined. However, a service must return a map even if 
additional parameter(s) are missing. Extended capabilities and operations are not included in version 
prior to WMS 1.3.0; instead there is an option to include Vendor Specific Parameters (WMS, 2002). 

Service exceptions 

If a request that is not valid according to the WMS standard is sent, a service exception that describes 
why the request is not valid is issued. An exception may look like the example below: 
<ServiceExceptionReport> 
   <ServiceException code="MissingParameterValue"> 

msWMSLoadGetMapParams(): WMS server error. Missing required parameter CRS 
</ServiceException>  

</ServiceExceptionReport> 

GetMap Response 

The response to a GetMap request is a map according to the request, or if any problem occurred a 
service exception. Common image formats available from a WMS-service are: 

- Portable Network Graphics (PNG) – an image format for compressing raster images (PNG, 2003). 
It is a lossless format. PNG has options for transparency but it less common that they are properly 
displayed in web-based viewing applications (WMS, 2006). 

- Graphics Interchange Format (GIF) – is a raster format that uses a lossless compression 
technique (Murray & Van Ryper, 1996). The gif-format supports transparency (WMS, 2006).  
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- Joint Photographic Experts Group (JPEG) – is a raster image format standardized by ISO that 
gives high compression especially for photographs (Murray & Van Ryper, 1996). The compression 
is lossy. The jpeg-format does not support transparency, which may be a disadvantage if used for 
web-based map services (WMS, 2006). 

- Tagged Image File Format (TIFF) – is a raster format that uses the same lossless compression 
technique as GIF (Murray & Van Ryper, 1996). All web-browsers do not support TIFF, which may 
be a limitation when using a web-based map service (WMS, 2006). 

- Scalable Vector Graphics (SVG) – a vector format encoded with XML (SVG, 2003). Cascading 
Style Sheet (CSS) can be used to style SVG (Watt et al., 2002). 

- Web Computer Graphics Metafile (WebCGM) – a vector format (WebCGM, 2010). It is less 
common than SVG. 

 
Figure 4.2. Map viewed in the Swedish geoportal, Geodataportalen. Data are basemap and areas of 
national interest for recreation from Länsstyrelsen (County Agency). Source http://www.geodata.se/sv/ 
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4.4.3 Web Feature Service - WFS 
Web Feature Service (WFS) is an OGC standard that facilitates distribution of geographic data in vector 
format over the Internet. Data are distributed and encoded in Geography Markup Language (GML).  

WFS-services are classified based on which request types they support (WFS, 2005): 

Basic WFS – is a service that enables a user to get information about, and download available data.  

XLink WFS – supports the requests of a basic WFS and the GetGmlObject operation. 

Transaction WFS – is a service that can be used to modify data. 

Here only a basic WFS-service is described. Conventions used are the same as for the WMS standard. 

                        4.4.3.1 Basic WFS 
A basic WFS-service handles three operations: 

GetCapabilities (mandatory) – is sent to the server to retrieve an XML-document describing the 
capabilities of the service. 

DescribeFeatureType (mandatory) – is sent to get a description of the structure of feature type(s). The 
response is a schema that defines how instances of a feature type shall be encoded when inputting data 
to the WFS-server, and how feature instances are generated when a GetFeature request is sent. 

GetFeature (mandatory) – is used to retrieve the data for the requested feature(s).  

A communication with a WFS-service is typically performed as in Figure 4.3. 

 
Figure 4.3. Shows a typical communication with a basic WFS-service. 

Request rules 

WFS-requests can be sent in a similar fashion as a WMS-request using HTTP GET (WFS, 2005).  

Request parameters 

There are three mandatory parameters for all WFS-requests: VERSION, SERVICE, and REQUEST 
(WFS, 2005); these are the same as for a WMS-request. It is also possible for a service provider to 
include Vendor Specific Parameters (cf. the WMS standard) 

(1) GetCapabilities 
As for all OGC Web Services (OWS), a WFS-service must support the GetCapabilities request. Here the 
capabilities document is called WFS Capabilities which resembles WMS Capabilities (Appendix A). 
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(2) DescribeFeatureType 
In addition to the mandatory parameters there is an optional parameter, TYPENAME, which is used to 
state, which feature type(s) to include in the request.  

A DescribeFeatureType request for the feature type municipalities would be: 
http://www.anywfs.com/wfs.cgi?SERVICE=WFS&VERSION=1.1.0& 
REQUEST=DescribeFeatureType&TYPENAME=municipalities 

(3) GetFeature 
A GetFeature request is used to download geographic data encoded in GML. Requests can be made 
complex with filters. Here only simple GetFeature requests are explained. For good examples of 
complex requests see WFS (2005).  

In addition to the parameters mandatory for all requests, the feature type(s) to include in a GetFeature 
request must be given. This is done either by the TYPENAME parameter, where the name of a feature 
type is given, or FEATUREID where an ID is used. 

It is important to understand the concept of feature type when using a WFS-server. That is a type of 
feature e.g. roads; it is not an instance of that feature type. That means when sending a request for a 
feature type with the parameter TYPENAME, e.g. TYPENAME=roads, all instances, of the type roads 
are retrieved; a specific road cannot be selected by the TYPENAME parameter. It is, however, possible 
to use filters to request specific instances of a feature type. Furthermore, as for a WMS-service it is 
possible to define a BBOX if only part of the available data are of interest. 

A simple GetFeature request to get all instances of the feature type municipalities would be: 
http://www.anywfs.com/wfs.cgi&  
SERVICE=WFS&  
VERSION=1.1.0&  
REQUEST=GetFeature&  
TYPENAME=municipalities 

4.4.4 Web Coverage Service – WCS 
Web Coverage Service (WCS) is a standard defining an interface to download coverage (raster) data 
(WCS, 2010). The WCS standard defines three request types: 

GetCapabilities – is sent to get information about what data are available from the server etc. 

DescribeCoverage – is sent to get detailed information about the coverage(s) included in a request. 

GetCoverage – is sent to retrieve a coverage. A user can define which areas to retrieve if only part of the 
available coverage(s) is of interest. 

The procedure of downloading data from a WCS-service resembles the WMS- and WFS standards. First 
a GetCapabilities request is sent. Then a DescribeCoverage request is sent to retrieve more information 
about the coverage(s) available. Finally a GetCoverage request is sent to download coverage data. 
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5. Storage of geographic data 
To enable efficient geographic web services there must be methods to store the geographic data and 
methods to access these data efficiently. One option is to create a cascading WMS-service. That is a 
service that does not have direct access to the data itself. When it receives a request, data is retrieved 
from other WMS-servers and/or WFS-/WCS-services. However, it is not possible to implement all 
WMS- and/or WFS/WCS services as cascading; somewhere the data must be stored. That is normally 
done in a database. When a request is sent to a WMS-service it retrieves the data from a database.  

A detailed description of databases is out of the scope of this master thesis. Only a short overview of 
database management systems, different types of databases, search methods and indexes are given. 
Interested readers may consult Worboys & Duckham (2004) or Rigaux et al. (2002). 

5.1 Databases 
A database is a large collection of data stored to be persistent in a computer environment (Rigaux et al., 
2002). Data are not lost in case of software or hardware problems, unless there is a severe crash of discs.  

The database can be seen as a large collection of files stored on some kind of external memory device, 
e.g. discs. Access to those files is controlled by a Database Management System (DBMS). External 
applications are retrieving, updating, manipulating data etc. in the stored files via the DBMS as in 
Figure 5.1. The DBMS allows a user to access data without knowing the structure of the stored files or 
how data are stored in them; this is called data independence. 

 
Figure 5.1. Shows a simplified database management system. 
There are two main types of database systems: relational and object oriented (Worboys & Duckham, 
2004). Relational databases are most common, but for complex data, such as geographic data, relational 
databases are not suitable. Instead a mixed version called object-relational databases has been developed 
(Harrie, 2008). Currently object-relational databases are emerging to become the most common storage 
for geographic data. 

5.1.1 Relational databases 
One reason relational databases are common is their simple structure. A relational database is simply a 
collection of tabular relations (tables) (Worboys & Duckham, 2004). Each relation has a set of attributes 
describing the properties of the instances in the table. Figure 5.2 shows table schemas for ForestOwner 
and ForestStand. By using the owner ID attribute a specific forest stand is associated with its owner in 
the Forest owner table. In a schema there are no instances; they only define which attributes to include, 
the data type for each attribute and relationships to other tables. Data types are simple types such as 
character, integer, or float. Table 5.1 shows the relation ForestStand with three instances. In a relational 
database it must be possible to uniquely identify each instance in a relation; this is done by the attributes 
PersonalID (ForestOwner) and StandID (ForestStand).  
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Figure 5.2. Schemas for the relations ForestOwner and ForestStand, with association. 
 
Table 5.1. The relation ForestStand with three instances. 
StandID OwnerID ForestType ForestAge 
1 12 Spruce Thinning 
2 8 Pine Mature 
3 2 Spruce Cleaning 
    

Unfortunately relational databases are not handling geographic data in an efficient manner (Worboys & 
Duckham, 2004; Rigaux et al., 2002). One solution is a hybrid data structure where attributes are stored 
in a relational database and geometry in a file-system. For example, the shape-format stores geometry in 
one file (*.shp) and attributes in another (*.dbf) (ESRI, 1998). This normally implies a non-standard, 
proprietary system is used to store geometry. To facilitate interoperability standard should be followed.  

5.1.2 Object oriented databases 
In an object oriented database, one instance is represented by one object; every object belongs to one 
class. A class is similar to a relation in a relational database. In a relational database, one instance is 
represented by one line in the table, e.g. the forest stand with standID = 1 in ForestStand. In an object 
oriented database one instance of a forest stand is represented by one object of the class ForestStand; 
that is if the schema for the table ForestStand is the same as the class ForestStand. Since the concept of 
relational databases is different from object oriented it is not always so that one relation in a relational 
database is represented by one class in an object oriented database. Figure 5.3 shows the class diagram, 
that is the classes and their relationship, for ForestOwner and ForestStand. In an object oriented 
database every object has a unique identifier that is independent from the values of the attributes. Hence, 
there is no need for attributes solely to identifying an object as in relational databases (Worboys & 
Duckham, 2004).  

 
Figure 5.3. Class diagram for ForestOwner and ForestStand. 
In addition to attributes objects also have methods. In Figure 5.3 the class ForestStand has a method 
called Area to compute the area of the forest stand that a specific ForestStand object represents.  
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5.1.3 Object-relational databases 
Object-relational databases borrow concepts from object oriented databases and introduce them to 
relational databases. The problem to handle geometry in an ordinary relational database is solved by 
Abstract Data Types (ADT) (Rigaux et al., 2002). These are data types that enable geographic data to be 
stored as Points, Lines, Polygons etc. ADTs are handled as numerical- or text data types in the relational 
database. For the ForestStand relation a column called Geometry can be introduced where the data type 
is Polygon. That enables attribute data and geometry to be saved in the same table. 

ADTs exist on the logical level; on the physical level coordinates must be stored. The physical level is, 
however, hidden from a user of the database. That is the idea behind the concept of ADTs; a user does 
not know about the implementation of the ADTs, only what operations are available for a specific ADT. 
This is called encapsulation and resembles an object in an object oriented database (Rigaux et al., 2002). 
Operations are e.g. to compute the area of a polygon or checking if a point is inside a polygon. 

OGC has defined a standard for ADTs representing geographic features, Simple Feature Access; the first 
part of the standard, Common Architecture, defines ADTs for e.g. Points, Lines and Polygons and 
methods to apply on the geometries (SFCA, 2010). The second part, SQL option, defines a Structured 
Query Language (SQL) for geographic data that follows the first part of the standard (SFSQL, 2010).  

5.2 Access methods for spatial data 
Every time a request is sent to an OGC web service data are retrieved from a database. This implies 
access to data must be fast. The time required to search for a specific instance in a relational database 
depends on if the column is sorted or not. If the column is not sorted the search has to be performed as a 
linear search. If the column is sorted a binary search may be performed. For details about linear- and 
binary search methods see e.g. Worboys & Duckham (2004). Here it is sufficient to understand that 
linear searches are inefficient and binary searches efficient.  

Indexes 

In a relational database instances can only be sorted by one column. In Table 5.1 the Forest Stands are 
sorted after Stand ID. Hence, a binary search can only be performed on that column. To improve the 
performance of a database indexes are introduced. An index is an auxiliary data structure used to make 
searches in databases faster (Worboys & Duckham, 2004). Figure 5.4 shows how an index is added for 
the Owner ID column in the Forest stand relation. The index is an ordered copy of the data in one 
column and a pointer to the original data. When an instance of the database is searched the index is 
searched; since this is sorted a binary search can be performed. When the instance is found a pointer 
marks where in the database to find the item.  

 
Figure 5.4. Index for Owner ID in the ForestStand relation. 
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Spatial Indexes 

Indexes discussed above are designed for attributes that can be ordered e.g. alphabetically. Geographic 
data cannot be ordered in the same fashion (Worboys & Duckham, 2004). Try to order the points in 
Figure 5.5. As for an unordered column in a relational database, a search for a specific point would 
imply searching point by point until the correct is found. That approach is inefficient; instead spatial 
indexes are introduced. That is indexes that in some fashion divide the total area into sub-areas. In 
Figure 5.5 the total area (I) is divided into sub-areas by four (A-D) rectangles; these rectangles are the 
minimum bounding boxes of the point features in each sub-area. A search is performed by first finding 
the rectangle covering the area of interest. Then a refined search is performed on the points inside that 
rectangle. This way of dividing an area into sub-areas is utilized by R-trees. Other kinds of spatial 
indexes are different kinds of grids. For more about spatial indexes see Rigaux et al. (2002). 

 
Figure 5.5. Shows the concept behind R-trees. See text for explanations. 
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6. Symbolization of maps distributed with OGC web services 
Cartography, geoportals, and standards for viewing geographic data over the Internet, are some of the 
topics handled this far. This chapter will link these together by describing standards that facilitate 
enhanced cartography for maps viewed over the Internet, e.g. in a geoportal. The chapter starts with an 
overview of symbolization and problems that may occur when data from several sources are combined. 
Then follows a section about symbolization in an ordinary WMS-service, followed by a description of 
OGC standards that enable user-defined symbology in WMS-services. 

6.1 Introduction 
A map should be designed in a cartographically nice fashion. This applies to maps printed on paper as 
well as maps viewed in a geoportal. There is however, a fundamental difference between a paper map 
and a map viewed in geoportals. A paper map is designed by a cartographer; the cartographer carefully 
selects which data to include in the map, applies generalization operations where required, and designs 
symbology according to cartographic guidelines. Maps viewed in geoportals lack this input of a 
cartographer. It is the user that decides which data to include and how to symbolize them. Note, that this 
division of maps into paper maps and geoportals is simplified. Online maps, both static and interactive, 
are also designed by a cartographer. Maps viewed in a WMS-service are also often designed by a 
cartographer; however, the design of the symbology is often tailor-made for a specific WMS-service, 
with the purpose of viewing the data available from that service. The main situation when the input of a 
cartographer is lacking is when data from several sources are combined. This is often the case when 
viewing data in a geoportal. Then the role of the cartographer is overtaken by the user of a map and/or 
automatic routines.  

However, in many cases a WMS-service provides limited, if any, options for a user to affect symbology. 
In that sense it is the capabilities of the service rather than the user that decides symbology. The amount 
of freedom to decide on symbology in a WMS-service can be divided into three categories: (1) the most 
restricted case is when there is only one style available per layer. A user can only select which layers to 
view in a map; symbology cannot be affected. (2) By providing several styles for each layer, a WMS-
service enables a user to decide which style to apply for each layer. (3) The third category is a WMS-
service that enables user-defined symbologies; this category substantially increases the potential for a 
user to design a cartographically good map.  

Restricted symbology options may be a limiting factor for the usability of a geoportal. Maybe a user 
finds all data required, but available symbologies prevent the user from designing a cartographically 
good map. One example could be a user that wants to overlay polygons representing protected areas 
over a basemap to identify buildings inside protected areas. If the symbols for protected areas hide 
information on the basemap the WMS-service cannot be used for that purpose. Figure 6.1 shows a 
sample map from the Swedish geoportal, Geodataportalen. Polygon layers from two services are 
overlaid the basemap native to the geoportal. Polygons with solid fill (red and blue) are Natura 2000 
areas provided by Naturvårdsverket (Environmental protection agency). Hatched polygons are 
riksintresse för rörligt friluftsliv (national interest for outdoor recreation) and riksintresse för naturvård 
(national interest for nature conservation) from Länsstyrelsen i Skåne (County agency of Scania). In the 
figure the natura 2000 areas are hiding underlying information. In Figure 6.2 the natura 2000 polygons 
are transparent. That improves legibility; it is e.g. possible to see where there are areas of national 
interest under the natura 2000 areas. However, the map is still difficult to read. One solution to the 
problem is to symbolize polygons with boundary and icons. A method that utilizing this is the polygon 
overlay method, which is described in Chapter 7, and implemented in case study I in Chapter 8. 
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Figure 6.1. Map viewed in the Swedish geoportal, Geodataportalen. Polygons with solid fill are Natura 
2000 areas. Hatched polygons are national interest for outdoor recreation and national interest for 
nature conservation (see text for explanations). Source: Geodataportalen http://www.geodata.se/sv/ 

 
Figure 6.2. Map viewed in the Swedish geoportal, Geodataportalen. Polygons with solid fill 
(transparent) are Natura 2000 areas. Hatched polygons are national interest for outdoor recreation and 
national interest for nature conservation (see text for explanations). Source: Geodataportalen 
http://www.geodata.se/sv/ 
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Another method to improve legibility when polygon features are overlaid other information is presented 
in Söderman (2011) and Geodata (2010c). The method symbolizes polygons with boundaries and map 
symbols as in Figure 6.3. To prevent icons from obscuring each other they are placed in an area 
patterning sheet as illustrated in Figure 6.4. The area patterning sheets are then evenly distributed in the 
map. This symbolization method clearly reduces the risk of hiding underlying information and hence, 
enables data from several sources to be visualized together. Another advantage is that pictorial icons can 
be used to facilitate understanding of symbols; this is mainly an advantage for inexperienced map users. 
However, the method is still under development. For example, design of the map symbols is studied to 
enhance legibility. It is also suggested to categorise symbols into themes by colours; in Figure 6.3, green 
(nature), blue (recreation), and brown (culture) are illustrated.  

 
Figure 6.3. Shows a map symbolized with the method described in Söderman (2011). See text for 
explanations. Source: GISassistANS AB (http://www.gisassistans.se/). 

 
Figure 6.4. Shows the nine possible positions for a map symbol in an area patterning sheet. Source: 
GISassistANS AB (http://www.gisassistans.se/). 
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Figure 6.5 illustrates other problems that may occur when data from several sources are combined. Data 
visualized are natura 2000; the solid fill (transparent) is from Naturvårdsverket and the hatched from 
Länsstyrelsen i Skåne. These are overlaid the basemap provided in Geodataportalen. One problem is 
that there is an offset between the natura 2000 layers. This is probably due to errors in transformation 
between reference systems; this is a potential problem, but when the offset is as large as here it should 
be easy to identify and amend by the service provider. There is, however, another deviation that may be 
a larger concern; the boundaries on the basemap and the hatched polygons do not conform. This is most 
obvious in the East and West boundary of the North polygon, where the shapes are different. There also 
seem to be a slight offset between the basemap and hatched polygons. Deviation in shape between 
different datasets may lead to situation where lines and/or polygons that share the same boundary in 
real-world, do not conform in a map. To avoid this situation conflation methods can be applied. If the 
geometry of one of the dataset has higher accuracy, that geometry should be used. 

 
Figure 6.5. Illustrates deviation in shape between basemap and overlaid polygon (hatched). There is 
also an offset between the overlaid polygons (solid fill and hatched). Source: Geodataportalen 
http://www.geodata.se/sv/ 
Other problems related to cartography, such as placement of text, that may occur when combining 
geographic data from several sources are discussed and solution suggested in Harrie et al. (2011). 

6.2 Symbology in a WMS-service 
In the WMS standard the appearance of a map is described in terms of styled layers; each layer has one, 
or more, style(s) defined, and a map consists of several layers (SLD, 2007). This could be considered as 
each layer being a transparent sheet where all features of a layer are styled in a selected style. A map is 
then made up of a number of styled layers put on top of each other in a specific order as in Figure 6.6. 

This model of rendering an image is called the painter’s model. It can be compared to an artist making a 
drawing on a canvas; the first layer in the list is painted first; on top of this the next layer etc. (Watt, et 
al., 2002). If a layer is opaque, the layer painted below will be hidden; if a layer is transparent the paint 
of the different colours will be blended according to a simple alpha compositing, see W3C (2010b). 

Complex symbols can be created by drawing the same layer several times with different styles. Figure 
6.6 shows an example where roads are symbolized with red borderlines and yellow filling. This can be 
achieved by drawing the layer Roads twice (as two differently styled layers). First (bottom) the style 
Border, a thick red line, is used, second (top) the style CentreLine, a thin yellow line, is used. This gives 
a symbol as in the figure where also the layer Buildings is added. This is said to be three styled layers: 
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(1) Layer = “Roads”  Style =  “Border” (thick red line) 
(2) Layer = “Roads”  Style = “CenterLine”(thin yellow line) 
(3) Layer = “Buildings”  Style = “Buildings” 

The GetMap request for this is (note that several parameters are missing): 
http://wmsservice.com?SERVICE=WMS&VERSION=1.1.1&REQUEST=GetMap& 
LAYERS=Roads,Roads,Buildings&STYLES=Border,CenterLine, Buildings 

 
Figure 6.6. Shows how a map is created by rendering three styled layers on top of each other. The road 
is symbolised by rendering the road layer twice; first with a wide red line (Border), then with a thinner 
yellow line (CenterLine). On top of these buildings are rendered. 
Creating symbols this way leads to complex requests. Another problem is that a WMS-service only 
gives the names of available styles. It cannot visualize them; this may lead to a trial and error process to 
find suitable styles. Maybe more important is the fact that the WMS standard does not allow user-
defined styles; a user can only use styles provided by the service and maybe none is suitable for a 
specific purpose. Another approach would be to have a language that makes it possible to create a 
document describing how a map should be symbolized. For this OGC defined the Styled Layer 
Descriptor Implementation, SLD version 1.0.0 (SLD, 2002). That is a styling language that enables 
user-defined symbology to be used for maps requested from a WMS-server. In August 2007 SLD was 
split into two standards: Symbology Encoding (SE) that defines the appearance of a style and Styled 
Layer Descriptor Profile of the Web Map Service Implementation Specification, SLD version 1.1.0 that 
defines a protocol for communication between a WMS-service and an SE document (OGC, 2010d).  

Different symbolization depending on attributes 

In a WMS-service there are two basic ways of styling data: either all features of a layer are symbolised 
in the same way or features are symbolised differently depending on attribute values (SLD, 2007). For 
example, a polygon layer Lakes can be symbolised by a light blue colour as infill and a dark blue colour 
for boundaries. This kind of styling requires no knowledge about the structure of a feature type, e.g. the 
attributes. If instead roads in the layer Road are symbolised differently depending on size; for highways 
one symbol is used, for major roads another symbol, and for minor roads a third symbol is used. Then it 
is necessary to know about the attributes of the layer. The service must know what type each road is. In 
SLD there are operations defined to request information about the attributes of a layer (SLD, 2007). 
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6.3 OGC standards for symbology 
When discussing SLD, terminology may become confusing since the first version of the standard, SLD 
version 1.0.0 was split into two documents: Styled Layer Descriptor Profile of the Web Map Service 
Implementation Specification (SLD 1.1.0) and Symbology Encoding (SE). To avoid confusion, SLD here 
refers to SLD 1.1.0. As the full name suggests, SLD is an extension of a WMS-service that facilitates 
user-defined symbology. SE defines the code describing how to render a style.  

The reason the first version of SLD (version 1.0.0) was split is to allow parts of the specification that are 
not WMS-specific to be used by other OGC Web Services (OWS) (OGC, 2010d). These parts were used 
to define SE. Hence, SE is a general styling language that may be used for all geographic information 
applications, while SLD is specific for WMS-services.  

6.3.1 Styled Layer Descriptor profile 
Figure 6.6 shows how a road is symbolized with red boundary and yellow filling. The same result can 
be achieved by SLD and SE. Example 6.1 is a simple SLD that, together with the SE symbolizers in 
Example 6.2, returns the map in Figure 6.6. Compare with the GetMap request, with roads and buildings 
in 6.2, that returns the same map. 

<StyledLayerDescriptor version="1.1.0">  
<NamedLayer>  

<Name>roads</Name>  
<NamedStyle>  

<Name>Border</Name>  
</NamedStyle>  

</NamedLayer>  
<NamedLayer>  

<Name>roads</Name>  
<NamedStyle>  

<Name>CenterLine</Name>  
</NamedStyle>  

</NamedLayer>  
<NamedLayer>  

<Name>buildings</Name>  
<NamedStyle>  

<Name>Buildings</Name>  
</NamedStyle>  

</NamedLayer>  
</StyledLayerDescriptor> 

Example 6.1. Shows part of an SLD that results in a map as in Figure 6.6 when combined with an SE 
that defines how the styles are to be rendered (Example 6.2). (Note that some elements are missing). 
The elements NamedLayer and NamedStyles correspond to LAYERS and STYLES in the GetMap 
request (cf. named layer and named style as discussed earlier). How the actual styles e.g. Border are to 
be rendered is described in an SE-document (see Example 6.2). 

SLD not only describes in which order layers are rendered and in which styles; it also defines new 
operations and parameters as an extension to a WMS-service (SLD, 2007). The reason for this is that if 
features from the same layers are to be symbolized differently depending on values of attributes, the 
structure of a feature type must be known; this is not supported in the WMS standard. In the following a 
WMS-service that is extended according to the SLD standard is called an SLD-WMS-service. 
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SLD-WMS GetCapabilities request 

The GetCapabilities request for an SLD-WMS-service is the same as for a WMS-service. The 
difference is that for an SLD-WMS there is an additional element in the capabilities response describing 
the capabilities of the SLD. That is if it supports SLD, if it supports user defined styles etc. 

SLD-WMS DescribeLayer operation 

To provide a user with information about the feature types, to enable user-defined symbology, SLD 
introduces a new operation in an SLD-WMS-service, namely the DescribeLayer operation (SLD, 2007).  
http://www.someserver.com/wms.cgi&  
VERSION=1.3.0&  
REQUEST=DescribeLayer&  
LAYERS= Roads,Buildings  

The response is an XML-document describing requested layer(s).  

SLD-WMS GetMap request 

There are three methods to include an SLD in a GetMap request:  

1. An HTTP GET request referencing a remote SLD. 

2. The SLD is included as part of a HTTP GET request. 

3. An HTTP POST request where the GetMap request is encoded as XML and the SLD is 
embedded in the XML-code. 

Technically the third method is preferable, but few WMS-services support HTTP POST (SLD, 2007). 
The second method is a compromise with the disadvantage that the query string may become long and 
complex. The first method, which gives a simple request, is described below. 

Recall the GetMap request sent to create the map in Figure 6.6: 
http://wmsservice.com?SERVICE=WMS&VERSION=1.1.1&REQUEST=GetMap& 
LAYERS=Roads,Roads,Buildings&STYLES=Border,CenterLine,Buildings 

Example 6.1 shows an SLD that describes the layers and styles included in above request. If this SLD is 
included in a GetMap request it would be as below (the SLD is named mystyles.xml): 
http://wmsservice.com?SERVICE=WMS&VERSION=1.1.1&REQUEST=GetMap& 
SLD=http://wmsservice.com/SLD_library/mystyles.xml 

LAYERS and STYLES are replaced with the SLD parameter that gives the URL to the SLD-document. 

GetMap response 

The response to an SLD-WMS GetMap request is a map in requested format. The difference compared 
to a WMS GetMap request, is that symbology is defined by the SLD document. 
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6.3.2 Symbology Encoding 
Symbology Encoding (SE) is a language that describes how a style is rendered. It can be used both for 
vector- and coverage data (SE, 2006). In this section only a short overview is given, by describing 
symbolizers and rules.  

Symbolizers 

Symbolizers are used to describe how a style appears in a map. There are five Symbolizers defined in the 
SE standard (SE, 2006): Line, Polygon, Point, Text and Raster. 

LineSymbolizer – is used to define the appearance of line features. Type of line, width, colour etc. are 
defined by the symbolizer. It is also possible to symbolize a line with graphic elements. 

PolygonSymbolizer – is used to define the appearance of polygons. The border can be symbolized in a 
similar fashion as a line. The appearance of the interior is defined by a Fill element. 

PointSymbolizer – is used to define the appearance of point symbols. It may be external graphic 
symbols (e.g. GIF or SVG) or shapes such as circle, square, or triangle. 

TextSymbolizer – is used for text labels. Both style (font etc.) and placement can be defined. 

RasterSymbolizer – is used to define the appearance of coverage (raster) data, such as satellite images, 
digital elevation models (DEM) or vegetation indices. 

SE is used in conjunction with SLD in a WMS-service. SLD tells which styles to use, SE describes how 
these styles are portrayed. Example 6.2 shows the symbolizers used together with the SLD in Example 
6.1 to render the map in Figure 6.6. Note that several other elements are missing in the example. 

<LineSymbolizer> 
<Name>Border</Name>  
<Stroke>  

<SvgParameter name="stroke">#ff0000</SvgParameter>  
<SvgParameter name="stroke-width">5</SvgParameter>  

</Stroke>  
</LineSymbolizer> 
<LineSymbolizer> 

<Name>CenterLine</Name>  
<Stroke>  

<SvgParameter name="stroke">#ffff00</SvgParameter>  
<SvgParameter name="stroke-width">3</SvgParameter>  

</Stroke>  
</LineSymbolizer> 
<PolygonSymbolizer> 

<Name>Buildings</Name>  
<Stroke>  

<SvgParameter name="fill">#000000</SvgParameter>  
</Stroke> 

</PolygonSymbolizer>  

Example 6.2. Shows the symbolizers from an SE-document that gives a map as in Figure 6.6 when 
combined with the SLD in Example 6.1. (Note that only the symbolizers are included.) 

Rules 

It is possible to decide when a feature should appear (e.g. depending on scales) and which features from 
a layer to include in a map by applying rules to an SE document. For scales MinScaleDenominator and 
MaxScaleDenominator may be used to decide in which scale range a symbol is visualized. For more 
about ScaleDenominators see Appendix A or SE (2006).  
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In the example below rules are used to symbolize a layer Rivers with different symbols depending on 
scale. For scales larger than 1:250 000, rivers of type 1 are symbolized with a light blue line; for smaller 
scales with a dark blue line. Other types of rivers are symbolized with dark blue line independent of 
scale. Syntax for the filter is defined in the OGC standard Filter Encoding (FE) (FES, 2010) (note that 
the rules are simplified in the example). 
<FeatureTypeStyle>  

<Rule>  
<Filter>...[type = 1]...</Filter>  
<MaxScaleDenominator>250e3</MaxScaleDenominator>  
<LineSymbolizer> ...[light blue]... </LineSymbolizer>  

</Rule>  
<Rule>  

<Filter>...[type = 1]...</Filter>  
<MinScaleDenominator>250e3</MinScaleDenominator>  
<MaxScaleDenominator>5e6</MaxScaleDenominator>  
<LineSymbolizer> ...[dark blue]... </LineSymbolizer>  

</Rule>  
<Rule>  

<ElseFilter/>  
<LineSymbolizer> ...[dark blue]... </LineSymbolizer>  

</Rule>  
</FeatureTypeStyle> 

The example below shows how rules are applied to a layer Rivers. Rivers of type 1 will be symbolized 
with a light blue colour; all other rivers with a dark blue colour. 
<FeatureTypeStyle>  

<Rule>  
<Filter>...[type = 1]...</Filter>  
<LineSymbolizer> ...[light blue]... </LineSymbolizer>  

</Rule>  
<Rule>  

<ElseFilter/>  
<LineSymbolizer> ...[dark blue]... </LineSymbolizer>  

</Rule>  
</FeatureTypeStyle> 

6.3.3 Extensions of SLD/SE 
A WMS-service that handles SLD and SE provides a user with extended cartographic capabilities. 
However, SLD and SE have limitations, especially for thematic maps (Sykora et al., 2007; Iosifescu-
Enescu et al., 2010). The standards are not able to visualize diagrams, and have limited options e.g. for 
textures, patterns, and user-defined point symbols. To overcome these limitations there are researches 
related to symbolizing geographic data distributed over the Internet.  

Sykora et al. (2007) introduces the Cartographic Markup Language (CartoML) for cartographic 
visualization. The same article also introduces the Diagram Markup Language (DiaML); that is a 
language that enables a user to present data in the form of diagrams in maps.  

Iosifescu-Enescu et al. (2010) introduces an extension of the WMS- and SLD standards called the Map 
and Diagram Service. The service is designed to extend the OGC standards to enhance cartographic 
capabilities, not to replace existing standards. From an interoperable point of view this is an advantage. 
The Map and Diagram Service is implemented in the open source Quantum GIS mapserver (QGIS, 
2011). Both OGC standards and the extension, Map and Diagram Service, are implemented (Iosifescu-
Enescu et al., 2010). One example of a project where the Map and Diagram Service is used is SANY, a 
European Union project focusing on interoperability of in-situ sensors and sensor (SANY, 2011). 
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7. Cartographic enhanced geoportal 
In the previous chapter potential problems related to cartography in geoportals were mentioned. This 
chapter presents a test bed that can be used to develop methods to improve cartography in maps viewed 
in geoportals, or any WMS-service. Two methods are also presented. Chapter 8 presents a case study 
where the test bed is implemented and the methods tested.  

The test bed will be in the form of a simple geoportal and it will be used in a wider study at the GIS-
centre at Lund University. The working name of the geoportal is Cartographic Enhanced Geoportal 
(CEG). It will follow OGC standards, but extended capabilities will be facilitated. The system 
architecture is shown in Figure 7.1.  

 
Figure 7.1. System architecture of the Cartographic enhanced geoportal. 
The client is a WMS-client with added functionality to support extended parameters in a GetMap 
request. The client communicates with the cartographic enhanced geoportal via the web map program. 
The web map program consults the registry to learn which geographic data and web services that are 
available. Cartographic core is a library of methods to improve cartography for web based map services. 
Symbolization library is a library of styles to symbolize the geographic data; the styles are registered in 
the registry. Finally, geographic web services are external web services that follow OGC standards; both 
WMS and WFS must be supported. 

7.1 Open source software in the cartographic enhanced geoportal 
This section describes open source software used in the cartographic enhanced geoportal. First 
MapServer, which is used as web map program, is described. Then PostgreSQL/PostGIS, which are 
used for storage of data, are described. The Java library for geometry, JTS is also described briefly. 

7.1.1 MapServer 
MapServer is an open source project, written in C, that facilitates viewing and/or downloading of 
geographic data over the Internet (MapServer, 2010a); Web Map Service (WMS) and Web Feature 
Service (WFS) are supported; there are also limited support for Web Coverage Service (WCS). 
MapServer can be used both as a client and as a server. 

MapServer has its own language for symbology, which is a disadvantage from an interoperability point 
of view. However, Styled Layer Descriptor (SLD) can also be used for symbology.  

A basic MapServer installation consists of (see Figure 7.2): 

- Web (HTTP) server, 

- MapServer program, 

- MapFile, and 

- geographic data. 
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In this form, MapServer is an executable file, by default called mapserv.exe (MapServer, 2010b). To run 
MapServer in this setting, a web server, e.g. Apache, must be installed. Requests are sent to MapServer 
as CGI-commands as in the following example: 
http://anywms/cgi-bin/mapserv.exe?map=/mapfiles/wmsmap.map&service=WMS&request=GetCapabilities 

The CGI-command is received by the web server and the request is passed to MapServer (mapserv.exe) 
as in Figure 7.2. When MapServer receives the request it reads the MapFile given in the request. The 
MapFile is a text configuration file stating which data are available, where data are located, which styles 
are available etc. If the request is a GetCapabilities request, MapServer only needs to read the MapFile 
to create a WMS Capabilities document (see 4.4.2.3). If the request is a GetMap request, MapServer 
consults the MapFile to find where the geographic data are located. From these data a map is created. 

 
Figure 7.2. Shows how a GetMap request, sent as a CGI-command, is handled by MapServer. The 
request is received by the web server, which (1) passes it to MapServer. MapServer starts and (2) 
consults the MapFile to find where requested data are stored. The MapServer (3) retrieves the data and 
(4) returns a response to the request. 
MapServer handles geographic data in several formats. Data can be stored in files, such as ESRI shape-
files and/or in databases. Some formats are native to MapServer; other formats are converted internally 
by the GDAL/OGR library (GDAL, 2011; OGR, 2011). For high performance it is preferred to use 
ESRI shape files or Geo-Tiff images; if a database is used PostGIS is recommended (Mitchell, 2005). 

                        7.1.1.1 MapFile 
The MapFile is the heart of MapServer (MapServer, 2010b). Examples of information given are: 

- Which geographic data that are available and where these data are located. 

- How data are symbolized. 

- Available spatial reference systems.  

The information in a MapFile resembles a WMS Capabilities document, but there is a conceptual 
difference. The purpose of a WMS Capabilities is to give a user information about the capabilities of a 
WMS-service; it is only returned as a response to a GetCapabilities request. A MapFile is not read by a 
user; it is a configuration file used by the service provider to add capabilities to the service. This 
information is only accessed by MapServer; when receiving a GetCapabilities request, MapServer 
creates a WMS Capabilities document based on the MapFile. The MapFile is also consulted in a GetMap 
request telling MapServer where to find data, how to render symbologies etc.  

A MapFile varies depending on the type of service MapServer is used to publish. If MapServer is used 
to publish a static map, the MapFile is a description of where to find data and how to symbolize the 
specific set of data used in that map; size and image format of the map are also given. If MapServer is 
used as a WMS-service, the MapFile contains information about the service. Information such as image 
type and image size on the other hand is not required since these are given by a GetMap request.  
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MapFile objects 

A MapFile is built of several objects, e.g. MAP-, LAYER- and CLASS objects (Mitchell, 2005); these are 
organized in a hierarchical structure as in Figure 7.3. The following rules hold: 

- The main object is the MAP-object that encloses all other objects (Mitchell, 2005). 

- The LAYER-object is under the MAP-object (see Figure 7.3). Important information is e.g. where 
data are located and type of data. Mitchell (2005) gives good examples of how to design the 
LAYER-object depending on which data format is used. 

- The CLASS-object, which is one level below a LAYER-object, states how a layer is visualized. 
Simple styles can be given in the CLASS-object, but normally symbology is described in a 
STYLE-object inside the CLASS-object (MapServer, 2010b). 

- The STYLE-object defines the symbology of a layer (MapServer, 2010b). 

 
Figure 7.3. Shows the hierarchical structure of a sample MapFile. Map is always the main object; A 
MAP object may contain several LAYER objects. Each layer object may contain a CLASS object etc. 
Inspiration from (Mitchell, 2005). 
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Example 7.1 shows a MapFile that visualizes a grey polygon with black outline representing the 
municipality of Lund. Data are retrieved from a PostGIS database.  

 
MAP # Start of MAP-object 
 SIZE 200 200     # Size of output image in pixels 
 EXTENT 1330000 6156500 1363000 6189000  # Extent of the map 
 UNITS METERS    # Units of the map coordinates 

CONFIG  PROJ_LIB "C:\ms4w\proj\nad" # Location of EPSG-files 
 PROJECTION  
  "init=epsg:3021"   # Projection is RT 90 2.5 gon W 
 END 
 
 LAYER  # Start of LAYER-object 
  NAME  lund_kommun 

TYPE POLYGON 
CONNECTIONTYPE POSTGIS 

  CONNECTION   "host=localhost port=5432 user=xx password=xxx dbname=xxxx" 
  DATA         "the_geom from lund_kommun USING UNIQUE gid" 
  STATUS       ON 
    
  CLASS  # Start of CLASS-object 
   STYLE  # Start of STYLE-object 
    COLOR        200 200 200 

OUTLINECOLOR  0 0 0 
   END # End of STYLE-object 
  END # End of CLASS-object  
 END # End of LAYER-object 
END # End of MAP-object 

Example 7.1. A sample MapFile; see text for details. 

Filters 

If only a subset of the data in a layer is visualized a filter based on the attributes can be applied 
(MapServer, 2010b). The example below can be added to the LAYER-object, lund_roads, to retrieve 
only roads belonging to roadtype 1. 

DATA          "the_geom from lund_roads USING UNIQUE gid" 
FILTER  "roadtype = 1" 

MapFiles for WMS-clients and servers 

If MapServer is used as a client data are retrieved from a remote WMS-server. When visualizing a map 
it is possible to combine data from several sources; one layer may be retrieved directly from a local 
database, one from an ESRI shape-file on the local computer, and one from a remote WMS-server. 

If MapServer is used as a WMS-server the capabilities of the service are described in the MapFile. 
When MapServer receives a GetCapabilities request it reads the MapFile and formulates a WMS 
Capabilities document. See Appendix C for more MapFile examples.  

                        7.1.1.2 MapScript 
MapServer are called either via a CGI-command or via MapScript (MapServer, 2010b). MapScript is an 
Application Programming Interface (API) that enables modification of symbology, WMS-requests etc. 
directly via external programs in other programming languages than C (Mitchell, 2005); supported 
languages are e.g. Java, Python, and Pearl. That facilitates a Java program to directly send/receive 
requests to/from MapServer, modify the style in which data are visualized etc. This is an advantage 
since it enables a programmer to add extensions of the capabilities of a WMS-service.  
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MapScript is created with Simplified Wrapper and Interface Generator (SWIG) (SWIG, 2010). SWIG is 
a software development tool for building interfaces that enables other languages to communicate 
directly with programs written in C/C++. In short, SWIG reads the C/C++ declarations and creates 
wrappers that permit other programming languages to access those declarations. Figure 7.4 illustrates 
how a Java program communicates with MapServer via MapScript. 

 
Figure 7.4. Shows how a Java program is communicating with MapServer via MapScript. 

MapScript classes 

The main part of MapScript is a collection of classes where each class represents an object in the 
MapFile (MapServer, 2010b); these classes are called MapObj, LayerObj etc. Recall Figure 7.3, which 
shows a MapFile with two LAYER-objects, each containing one CLASS- and one STYLE-object. Figure 
7.5 shows these objects instantiated with MapScript.  

 
Figure 7.5. Shows the objects created when the MapFile in Figure 7.3 is instantiated.  
For each class there are attributes representing the parameters in the MapFile, and methods to access and 
change these attributes. There is also a method to create a new LAYER-object to a MAP-object; utilizing 
this, layers that are not included in the MapFile may be added and visualized. 

There is also a class for handling OWS-requests, the OWSRequest-class (MapServer, 2010b). Instances 
of OWSRequest are used to send and receive OWS-requests to/from MapServer. 

7.1.2 JTS Topology Suite 
JTS Topology Suite (JTS) is an open source, Java software library, for handling geometries (JTS, 2010); 
it follows the first version of OGC Simple Feature Specification (SFS, 1999). If a programmer writes a 
Java program that communicates with MapServer via MapScript to retrieve geographic data, these data 
can be modified with JTS-classes. This means geographic data can be retrieved via MapScript, modified 
with JTS and added as a new LAYER-object to the MapFile; this new layer can then be visualized 
together with the original layers of the MapFile.   

7.1.3 PostgreSQL/PostGIS 
PostgreSQL is an open source object-relational database (PostgreSQL, 2010); PostGIS is an extension 
to PostgreSQL that enables it to handle geographic data (PostGIS, 2010a). PostGIS follows the OGC 
standard Simple Feature Access, both part 1 and part 2 (SFCA, 2010; SFSQL, 2010). This means 
PostGIS is not only a database for storing geographic data; there are also advanced methods 
implemented. It is e.g. possible to create buffer zones or compute the convex hull (PostGIS, 2010b). 

When MapServer retrieves data from PostGIS, setting in the LAYER-object must be as in Example 7.1. 
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Spatial index in PostGIS 
PostgreSQL supports two indexes for geographic data: R-Tree (see section 5.2) and Generalized Search 
Tree (GiST) (PostGIS, 2010b). However, the implementation of R-tree in PostgreSQL has limitations. 
Instead it is recommended to use GiST, which is a generic form of indexing that can be used for any 
kind of data that cannot be ordered along one axis like e.g. numerical data.  

7.2 Implementation of the cartographic enhanced geoportal 
The Cartographic Enhanced Geoportal (CEG) is implemented in Java. The system architecture consists 
of the following parts (see Figure 7.6): 

Client 

Is a Java-based WMS-client with added functionality to enable extended parameters. 

Cartographic enhanced geoportal (CEG) 

MapServer – is the core of CEG. It is called both via CGI-command and via MapScript and it acts both 
as a client and as a server. 

Registry – is where external services and their capabilities are registered; to reach an external service it 
must be registered. In this implementation the MapFile acts as a registry. When a new service is added, 
or the capabilities of a service are changed, the MapFile is updated manually. This is a limitation, but it 
is acceptable in a test bed where the main purpose is to test methods to improve cartography. It could be 
argued if the registry is part of CEG, or outside as in Figure 7.1. Since a MapFile is used as registry and 
the MapFile is central to MapServer, it is considered as a part of CEG here. 

Java program – is the spider of CEG. It handles the communication with the client. The Java program 
also handles MapServer’s communication with external services as well as internal communication 
between the components within CEG.  

Cartographic core – is a library of methods to improve cartography; at the time of writing two methods 
are implemented (see 7.2.1): 

- Polygon overlay method. 
- Colour saturation method. 

Symbolization library – is a library of SLD-documents. Since the SLD standard has been split into SLD 
version 1.1.0 and Symbology Encoding (SE), with the reason to describe symbology in a stand-alone 
standard, a more suitable solution should be an SE-library; however, there are limited implementations 
of SE at the time of writing. 

External web services 

External web services are ordinary OWS-services. In this study two services running on two platforms 
are used: Geoserver (GeoServer, 2010) and MapServer. Both store data in PostGIS. However, 
Geoserver was only used for an early (successful) test; during development only one service based on 
MapServer was used.  
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Figure 7.6. Shows the implementation of the Cartographic enhanced geoportal. 

7.2.1 Cartographic methods in the cartographic core 
The current implementation of CEG contains two methods in the cartographic core. Both methods 
require an extended parameter called LayerPriority. The parameter enables a user to select if a layer 
requested in a GetMap request, belongs to the fore-, middle-, or background; that is how important a 
layer is in the requested map and related to visual hierarchy (2.4.1.3). 

Polygon overlay method 

One presentation problem when data from several sources are combined is when polygon features hide 
other important information (see Figure 6.1 and 8.5). The purpose of the polygon overlay method is to 
avoid this problem by visualizing a polygon feature with a boundary and icons as in Figure 8.5. The 
polygon overlay method is applied on polygon layers that belong to the foreground (LayerPriority = 
foreground). In the initial state icons are evenly distributed in a grid over the polygon. Then the 
positions for these icons are optimized to minimize their disturbance of underlying layers. The 
disturbance is quantified by defining costs:  

- Placement cost – is a measure of how much information (symbology) in the layers 
below that are hidden by an icon; optimal is that no information is hidden. 

- Spatial distribution cost – is a measure of how evenly distributed the icons are; optimal 
is that all distances between icons are equal. 

- Removal cost – is applied when an icon is removed; removal of icons should be 
avoided, but when placement- and/or spatial distribution cost is higher than removal 
cost an icon is removed. 

In the optimization process positions for the icons are found so that the total cost for all icons is 
minimized. The method is mainly implemented by Ara Toomanian and described in detail in Toomanian 
et al. (2011).  

Colour saturation method 

In the chapter about cartography visual hierarchy was discussed; important information should be 
highlighted and less important information should be deemphasized. Figure-ground organisation and 
contrast are other important considerations related to visual hierarchy. The purpose of the colour 
saturation method is to enhance the visual hierarchy by decreasing the colour saturation of the 
background. This decrease enhances the contrast between background and foreground and, hence, a 
more highlighted foreground information is achieved. 
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The method is mainly implemented by Ara Toomanian and described in Toomanian et al. (2011). In this 
study it is sufficient to mention that the method requires the extended parameter LayerPriority. Colour 
saturation of layers belonging to the middle ground is decreased with 10%, and for layers belonging to 
the background saturation is decreased with 20%. 

Other examples of cartographic methods 

The cartographic core may contain a wide range of methods. It can e.g. be conflation methods to handle 
the problem illustrated in Figure 6.5 where geometries do not conform in different datasets. One method 
would be to enable a user to select which dataset should decide the geometry if the accuracy is known to 
be better in one of the dataset.  

It can also be methods that do not require additional parameters from the user, but only depends on the 
data included in a request, such as methods for text setting or label placement. Generalization methods 
can also be implemented. Chapter 9 presents a method to identify areas with poor legibility in a map; if 
these areas are found, appropriate generalization operations can be applied to improve legibility. 
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8. Case study I - colour saturation and polygon overlay 
The previous chapter describes the cartographic enhanced geoportal and two methods in the 
cartographic core: colour saturation- and polygon overlay method. The purpose of this study is to 
describe the implementation and to perform a case study of the cartographic enhanced geoportal.  

8.1 Geographic data in the case study 

Datasets 

Data were retrieved from three sources: 

- Roads, buildings, and municipality boarder were provided as shape-files from Lund kommun 
(Municipality of Lund). 

- Protected areas of national interest for: cultural heritage, recreation, and nature conservation, 
were downloaded as shape-files from Länsstyrelsen i Skåne (County Agency of Scania) 
(Länsstyrelsen, 2010). 

- Broad leaved-, coniferous-, and mixed forests from the Corine land cover dataset, were 
downloaded as shape-files from the European Environment Agency (EEA, 2010). 

Adding data to PostgreSQL/PostGIS 

Data were added to a PostgreSQL/PostGIS database. For this the native data loader of PostGIS, 
shp2pgsql, was used (PostGIS, 2010b); shp2pqsql creates SQL-queries from shape-files. These queries 
are used to add data to the database. See Appendix D for the syntax. 

Creating a MapFile 

A MapFile was created to enable MapServer to access the data (see Appendix E for one layer).  

8.2 Implementation of CEG 
The cartographic enhanced geoportal is developed in the Eclipse environment (Eclipse, 2010). Client 
and server are located in the same workspace and run in parallel when testing. 

8.2.1 Workflow on request level 

WMS GetCapabilities 

A GetCapabilities request from the client is sent as a CGI-command. The request is received by the 
CGI-application of MapServer (Figure 7.6). MapServer reads the MapFile and creates a WMS 
Capabilities document that is returned to the client. The document is parsed and the capabilities are 
presented to the user. The user selects which layers to include in the GetMap request, and sets the value 
for the other parameters. The next step is what distinguishes the CEG-client from an ordinary WMS-
client; a new dialogue opens that enables the user to select if a layer should belong to fore-, middle-, or 
background (Figure 8.1). This is the extended parameter LayerPriority. If no priority is selected it is set 
to middle ground. 
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Figure 8.1. Shows the dialogue window that enables a user to decide if the layers included in a GetMap 
request should belong to fore-, middle-, or background. 

WMS GetMap 

When the GetMap request is submitted the client establishes a TCP/IP connection with the Java program 
in CEG. Then the request is sent as a byte-vector. The reason for using a TCP/IP connection is that an 
ordinary CGI-command does not allow extended parameters. The performance could have been 
improved by establishing a TCP/IP connection only if extended parameters are included and sending an 
ordinary CGI-command if the request is an ordinary GetMap request. However, since this is a test bed 
for methods to improve cartography there is no rationale for treating requests differently. 

The Java program then acts based on the content of the GetMap request. If a method that requires access 
to the original geographic data, e.g. the polygon overlay method, is called the Java program formulates a 
WFS GetFeature request. The request is sent to MapServer via MapScript and MapServer retrieves the 
data requested from external services; this means MapServer acts as a client. The received data are 
handled by the Java program, and appropriate methods are called. 

If the request only requires access to SLD-documents to modify symbology, e.g. the colour saturation 
method, no WFS GetFeature request is sent. Instead the Java program calls the colour saturation method 
that updates the SLD according to the request; that is decreases saturation for the layers in middle- and 
background.  

The Java program then formulates a GetMap request to retrieve a map according to the original GetMap 
request from the client. If only the colour saturation method is applied the modified SLD is appended to 
the original request. If the polygon overlay method is applied, a layer with point objects is created and 
added to the MapFile. These points represent the positions of the icons used to visualize the polygons. 
To visualize the boundary the outlines of the original polygons are utilized; this means two layers are 
used to visualize the polygons in the foreground: the original polygon layer gives the boundaries of the 
polygons, and the points gives the positions of the icons. The point layer is then appended to the original 
GetMap request, and this modified GetMap request is sent to the MapScript application of MapServer. 
The map is returned to the Java program, which in turn returns the map to the client via the TCP/IP 
connection.  
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8.2.2 Workflow on class level 

Client 

The client consists of eight classes (Figure 8.2). CEGClient is the main program; it starts by (1) creating 
a WMSRequest-object; WMSRequest has methods for getting and setting the values for all parameters 
included in a WMS GetMap-request. Then (2) a WMSRequestHandler object is created, and the client 
(3) sends a GetCapabilities request as a CGI-command to the cartographic enhanced geoportal via the 
WMSRequestHandler. After that (4) an xmlWMS object is created and (5) the WMS Capabilities are 
passed to the xmlWMS object. The CEGClient then waits until the GetMap request is ready to be passed 
to CEG. Meanwhile (6) the xmlWMS updates the WMSRequest and (7) creates a LayerSelectorGUI 
object; that is a Graphical User Interface (GUI) that displays the capabilities of the service, and enables 
a user to select which layer(s) to include in the GetMap request. When the user submits the 
LayerSelectorGUI (8) the WMSRequest is updated according to the user’s selections. The 
LayerSelectorGUI then (9) creates a LayerPriorityGUI; LayerPriorityGUI is a GUI that enables a user 
to select any available extended parameter for the layers included in the request (here LayerPriority). 
When the user submits the LayerPriorityGUI, (10) the WMSRequest is updated and (11) the CEGClient 
is noticed. The CEGClient establishes a TCP/IP connection with CEG (Figure 8.3) and (12) sends a 
GetMap-request. The request is sent as a byte Array. It may seem more appropriate to send the GetMap-
request as a String; however the response to the request will be an image. Hence, a byte Array is 
required. To simplify the handling of LayerPriority the values are given as integer constants; to avoid 
erroneous interpretation of these constants a protocol is defined. When (13) the map is returned from 
CEG, (14) ImagePanel- and (15) WMSResultGUI objects are used to display the map. 

 
Figure 8.2. Shows the workflow of the client communicating with the Cartographic enhanced geoportal. 
In the present implementation only default styles are available; hence, a user cannot decide which style 
to use. However, the functionality to select styles is implemented to enable new styles to be added. 
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Server (Cartographic enhanced geoportal) 

Two classes are required in CEG: CEGServer and CEGThread (see Figure 8.3). CEGServer is a server 
that waits for a client to connect. When (1) a client connects, (2) a CEGThread object is created, and (3) 
a TCP/IP connection is established between the client and the CEGThread. The client then (4) sends a 
GetMap-request to the CEGThread and the CEGThread acts as a spider between invoked methods in the 
cartographic core, symbolization library, and MapServer. 

 
Figure 8.3. Shows the workflow in CEG from when the TCP/IP connection is established until the 
GetMap request is sent.  
Figure 8.4 illustrates the workflow of CEG from that a GetMap request is received to the polygon 
overlay method is invoked. This part was done together with Ara Toomanian. When a GetMap request 
is sent to CEG, the CEGThread parses the request; if there is any polygon layer(s) with LayerPriority 
set to foreground, the CEGThread creates one XMLToWKT- and one StrokeFinder object. Then a loop 
traverses all layers included in the GetMap request: 

I. A WFS GetFeature request is formulated and (1) sent via the MapScript application of MapServer 
to (2) retrieve the data for the layer from external services. 

II. (3) The returned GML-file is parsed and the geometry is converted to WKT format by the 
XMLtoWKT object. 

III. (4) Dimensions of the symbology is found in the SLD-document by the StrokeFinder. 

IV. (5) The information is added to a new WFSFeature object. 

 
Figure 8.4. Shows the workflow in CEG from when a GetMap request is received to the polygon overlay 
method are invoked. 
The result is a set of WFSFeature objects, one for each layer in the GetMap request. This set is sent to 
the polygon overlay method which is mainly implemented by Ara Toomanian.  

The output from the polygon overlay method is a set of point objects representing the positions for the 
icons used to visualize polygons. These points are added to the MapFile, by the CEGThread, as a point 
layer. Then the CEGThread builds a new GetMap request and send it to MapServer to create the final 
map as requested by the user. This map is then returned to the client via the TCP/IP connections. 
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8.3 Result 
Figure 8.5 shows a polygon layer that is overlaid other information. With a solid fill (left) all underlying 
information are hidden. The visualization is improved with a hatched fill (middle); the underlying 
information is visible, but still difficult to read. The visualization is substantially improved by the 
polygon overlay method (right); both polygon and underlying information are clearly visible. 

 
Figure 8.5. Shows a polygon (area of national interest for recreation) overlaid a basemap. Left is a 
solid fill, in the middle a hatched fill, and to the right the polygon is symbolized with icons, with 
positions computed by the polygon overlay method. 
The solid fill and hatched polygons are symbolized in ArcGIS from ESRI. Since they are only 
visualized for comparison, not part of the polygon overlay method, there is no reason to modify the SLD 
used for symbolization solely for the purpose of this figure. 

Data are: 

Foreground:  

- Area of national interest for recreation. 

Background:  

- Lund municipality (beige) 

- Coniferous forest (olive green) 

- Roads (brown) 

8.4 Discussion 

Polygon overlay method 

Figure 8.5 clearly shows the advantage of the polygon overlay method. When a solid fill is used to 
symbolize a polygon underlying information is hidden. With a hatched fill, the underlying information 
is visible, but difficult to read. It is also so that if more layers are overlaid the basemap legibility 
decreases and more information in the basemap are obscured. When the polygon is visualized with icons 
in positions computed by the polygon overlay method, no information is hidden and the area of national 
interest for recreation is easily identified.  
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In Figure 8.5 only one layer belongs to the foreground and hence, all icons are symbolizing that layer. If 
more layers belong to the foreground and polygons from more than one layer overlap each other the 
situation will be different. Figure 8.6 illustrates suggested extensions of the polygon overlay method to 
handle situations when two layers belonging to foreground overlap (the second layer, green trees, is 
fictional only for illustration). In the left figure the approach is to apply the polygon overlay method. 
Then icons in areas where polygons overlap are assigned to either polygon layer in a post-process. This 
approach will lead to few additional computations; no modifications of the polygon overlay method are 
required. However, since fewer icons will be used to symbolize each layer, there is a risk it will be 
difficult to identify which layer a certain polygon belongs to. If a large number of polygons overlap it is 
likely that a larger number of icons is required, to enable a user to identify all polygons. In the right 
figure the approach is to add more icons in areas where polygons overlap. In areas with one polygon the 
polygon overlay method is applied as in Figure 8.5; for the area with overlapping polygons parameters 
in the polygon overlay method are changed so that more icons are created. The advantage with this 
approach is that it is easier to see where polygons are overlapping – density of icons is higher, and to 
identify the polygons. There are, however, disadvantages. Performance will decrease since the polygon 
overlay method must be applied more than once, and with a large number of icons it will be difficult to 
find positions for the icons where underlying information is not hidden. Further studies to find a suitable 
approach are required. 

   
Figure 8.6. Shows two maps where layers overlap. See text for details. 
It is also possible to improve legibility by symbolizing the boundaries with lines that show which side of 
the boundary that is the interior of a polygon. This is illustrated in Figure 8.7 where interior is marked 
with a hatched structure. In the figure only lines are illustrated; if the method is implemented icons 
should be added. 

 
Figure 8.7. Shows how lines can help to show interior/exterior of a polygon. See text for details. 
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Figure 8.5 shows that the icons used for visualization in the polygon overlay method are not hiding any 
information and are well distributed. However, the result would be improved if an icon was added in 
position A and the lower left icon was moved to position B as in Figure 8.8. 

 
Figure 8.8. Shows possible improvement of icon positions. See text for details.  
The reason an icon would be preferred in position A is that the closest icon is relatively far from that 
area. If the number of initial icons is increased it is more likely that there would be an icon in position 
A. However, that would decrease performance by adding computations to the method.  

The reason the lower left icon would be preferred in position B is that it gives a more balanced 
impression in relation to the underlying data; now the icon is near a feature in the background, while 
there is empty space around position B. The lower left icon might be moved to a position near B by 
adjusting the costs. In the present implementation placement cost is designed to avoid obscuring 
information. Hence, the cost is only applied in the area near a feature. If this area is extended so that the 
placement cost affects a larger area the situation would change; there would be a higher cost compared 
to the present implementation in the present position of the lower left icon. That would result in the icon 
being moved closer to position B. However, it would increase the computational burden and decrease 
performance.  

Compared to the method presented in Söderman (2011), the major advantage of the polygon overlay 
method is that the positions of the icons are optimized so that no, or a minimum amount of the 
background information is obscured; this leads to maps that are easier to read. The main advantage of 
the method in Söderman (2011) is that it is easier to implement. An ordinary WMS-server is sufficient, 
and no geometric computations are performed as for the polygon overlay method. 

One advantage that is valid both for the polygon overlay method and the method presented in Söderman 
(2011) is that the icons used to symbolize polygons can be pictorial. That means they can be designed so 
that a user understand the meaning of a symbol without consulting the legend; this is a major advantage 
for less experienced map users. 
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Colour saturation method 

The colour saturation method is applied to deemphasize less important information. This has several 
advantages:  

- The visual hierarchy is enhanced by increasing contrast between background and foreground.  

- A deemphasized background increases legibility by making background features less distinct.   

- A stronger contrast between background and foreground can also be used to enhance the figure-
ground organization. 

The usability of the colour saturation methods strongly depends on the purpose of the map created and 
available styles for the data requested. If the geoportal provides a cartographically nice basemap where 
visual hierarchy is well defined, and the main purpose is to overlay additional information on this 
basemap there is little use of the colour saturation method; background colours are already pale and 
there will be little effect when the colour saturation method is applied on pale colours. However, which 
geographic data that are considered background strongly depends on the purpose of a map. No matter 
how well designed a basemap is, it will not be suitable to use if symbols that are low in the visual 
hierarchy (pale) on the basemap are important on the map requested and vice versa. The chance to create 
a cartographically nice map will increase substantially if there are several styles available for each layer; 
by applying the colour saturation method these styles can be modified by a user to build a visual 
hierarchy suitable for any purpose.  

The present implementation of the colour saturation method decreases saturation with 10% for middle 
ground and 20% for background. This increases contrast to foreground for both middle- and 
background. However, the contrast between middle- and background is small. It would also be possible 
to implement the method so that there are several levels, for example 10%, 20%, and 40%. This would 
increase the capabilities for a user to build a visual hierarchy; however, it would make the method less 
efficient and less user-friendly. The method could also be simplified so that all layers that are not set to 
foreground are considered background. 

Cartographic enhanced geoportal 

One major change that would be preferred in the current implementation of CEG is the way the final 
map is created. If only the colour saturation method is applied, where no data are retrieved from external 
services, the current approach is required. However, if the polygon overlay method is applied the 
geographic data are already available in CEG in GML format. A more efficient approach would be to 
create the map from these data instead of formulating a GetMap request and connect to external services 
a second time.  

In the present implementation of CEG communication between classes is in some cases handled by 
saving files, e.g. the WMS Capabilities document is saved to a file when returned from CEG. An 
xmlWMS object then reads that file (Step (5) and (6) in Figure 8.2). A more efficient way of handling the 
communication is to send the capabilities directly to the xmlWMS object. However, for debugging 
purposes it is preferred to have access to the capabilities document; hence, it is saved to a file.  

Another limitation of CEG, at the time of writing, is the limited amount of data. For the first stage of 
development of methods it is sufficient, but for further development more extensive tests must be 
performed. 
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9. Case study II - Identifying areas with poor legibility 

9.1 Introduction 
Generalization and symbolization are important cartographic processes discussed in Chapter 2. The two 
methods implemented in Chapter 8 are aiming at improving cartography by symbolization methods. To 
some extent symbolization methods can improve the cartographic quality. However, in some situations, 
e.g. when symbologies are overlapping, generalization methods are required to create a legible map. 

As mentioned in Chapter 2, generalization is a field with extensive research, and several generalization 
methods are developed. However, if generalization methods are applied by default, performance of a 
service would decrease. Hence, generalization should only be applied where required. If a method that 
efficiently identifies areas with poor legibility in a map is developed, generalization could be applied on 
these areas only. This method could be implemented as a part of the cartographic core. A possible 
workflow is: 

1. Identify areas with poor legibility. 

2. Apply suitable generalization operations on these areas. 

3. Invoke symbolization methods, e.g. colour saturation method and/or polygon overlay method. 

Stigmar (2010) presents a series of studies (Stigmar, 2006; Harrie & Stigmar, 2009; Stigmar & Harrie, 
2011; Stigmar et al., 2011) where analytical measures to quantify legibility of a map and amount of 
information in a map are evaluated. The first study utilizes the number of break points in a map. In the 
second study also distribution of information is considered. In the latter two, measures such as object 
complexity are added. In the last study threshold values, based on a user-study, are defined for several 
measures. These measures and thresholds might be a base for identifying areas with poor legibility. 

One potential method to identify areas with poor legibility is by applying clustering techniques. Spatial 
clustering are techniques used to group a set of objects into classes or clusters; objects within the same 
cluster are similar to each other, but dissimilar to objects in other clusters (Han et al., 2001). Clustering 
can be based on a combination of non-spatial attributes, spatial attributes, and proximities in space, time 
and space-time (Miller & Han, 2001). One common clustering algorithm is the Density-Based Spatial 
Clustering of Applications with Noise (DBSCAN) (Ester et al., 1996). DBSCAN is based on the notion 
of density; areas that are perceived as dense by humans are identified and clusters are created. Objects 
that do not belong to dense areas and hence, do not belong to any cluster are considered as noise.  

If this notion of density shows a strong correlation with perceived legibility in a map, DBSCAN can 
prove useful to identify illegible areas. Clusters, found by DBSCAN, might be considered as areas of 
poor legibility. If these areas are found in an efficient manner and legibility improved by generalization 
operations, the result would be a map that is easier to read.  

The aim of this study is to implement a method to test if DBSCAN can be used to identify areas with 
poor legibility in a map. The data used are the same as in Stigmar & Harrie (2011). In parallel with the 
clustering method, the threshold method was developed by Karsten Pippig to identify areas with poor 
legibility (Olsson et al., 2011). The latter is based on creating a raster where the measures and thresholds 
analysed in Stigmar et al. (2011) are taken into consideration. 
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9.2 Spatial clustering methods 
There are several algorithms used to create clusters. These can be divided into partitioning methods, 
hierarchical methods, density-based methods, and grid-based methods (Han et al., 2001).  

Partitioning methods 

Partitioning methods are methods that create clusters around k cluster centres (Han et al., 2001).  
Examples of algorithms are: k-means, k-medoid and Expectation Maximization (EM). To illustrate a 
partitioning algorithms the k-means algorithm is described: 

Input is a set of n points and the number of clusters to create, k.  

The algorithm selects k arbitrarily cluster centres; then follows an iterative process: 

- All points n are assigned to its closest cluster centre. Normally Euclidean distance is used. 

- Positions for the cluster centres are updated by computing the mean of all points assigned to 
each centre. 

- A criterion function is checked 

The process ends when the criterion function no longer shows an improvement; that is when the optimal 
positions for the cluster centres are found, and the points are assigned to its closest cluster centre as in 
Figure 9.1. Other partitioning algorithms work in a similar fashion. Disadvantages with partitioning 
algorithms are that the number of clusters is a parameter, and their inability to find arbitrarily shaped 
clusters (Han et al., 2001). 

 
Figure 9.1. Shows clusters created by the k-means algorithm. Red x:s are the cluster centres. 

Hierarchical methods 

Hierarchical clustering methods are methods that build a dendogram of a set of data objects (Han et al., 
2001). A dendogram is a tree structure that splits the data into smaller subsets. Examples of algorithms 
are: AGglomerative NESting (AGNES), DIvisia ANAlysis (DIANA) and Clustering Using 
Representatives (CURE). 

Density-based methods 

Density based methods are based on the notion of density (Han et al., 2001); areas with high density are 
considered as clusters, with areas of low density in-between. One advantage with density-based methods 
is their ability to find arbitrarily shaped clusters. The first density-based algorithm was the Density-
Based Spatial Clustering of Applications with Noise (DBSCAN) (Ester et al., 1996). 
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Grid-based methods 

Grid-based methods create a grid-structure from the data and all clustering computations are performed 
on that grid (Han et al., 2001). Compared to density-based methods, grid-based methods are faster for 
high-dimension data; however, for low-dimension data, density-based methods are performing better. 
Examples of grid-based algorithms are: STatistical Information Grid (STING) and CLIQUE. 

Constraint-based methods 

Constraint-based methods can belong to any of the categories above. They are methods that take real-
life constraints into consideration (Han et al., 2001). It can be a clustering based on Euclidean distance 
where a river cross the area of interest; even if two points are close in space, they should not belong to 
the same cluster if they are separated by the river. There are few constraint-based methods. One example 
is Clustering with Obstructed Distance (COD). 

9.2.1 Clustering algorithms for finding areas with poor legibility 
Figure 9.2 shows areas in a map that were perceived as difficult to read by at least two persons in a user-
test performed in Stigmar & Harrie (2011). The purpose of this study is to investigate if a clustering 
algorithm can be used to identify these areas. This implies the clustering algorithm must be able to find 
clusters in areas where the amount of information in some sense is too high to be easy to read.  

 
Figure 9.2. Shows areas that were identified as difficult to read in a user-test performed in Stigmar & 
Harrie (2011). Copyright: Lantmäteriet and Helsingborgs kommun. 
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Of the algorithms described, k-mean (partitioning method) and DBSCAN (density based method) are 
easiest to implement. Hierarchical and grid-based methods would require substantial more effort to 
implement, and they have no major advantages; hence, they are not considered suitable for this test. k-
mean has three major disadvantages compared to DBSCAN in this study: (1) the number of clusters is a 
parameter for k-mean; since the purpose is to identify areas with poor legibility, the number of clusters 
(areas with poor legibility) is unknown. (2) k-means is not able to create arbitrarily shaped clusters, and 
(3) all points are included in the clusters; that means the shape of a cluster can to a large extent be 
affected by one single point, a point that maybe not affect legibility. DBSCAN, in contrary, is able to 
find arbitrarily shaped clusters. Another advantage is that DBSCAN is based on density; it is likely that 
dense areas are also difficult to read, at least if dense areas can be interpreted as areas with a large 
amount of information. A third advantage is that some points are considered as noise and clusters are 
only created around dense areas (Figure 9.3). Hence, DBSCAN is implemented in this study. 

9.2.2 DBSCAN algorithm 
DBSCAN is based on the notion of density (Ester et al., 1996). Figure 9.3 illustrates three sample 
datasets where clusters of point features are easy to distinguish. In the right sample there are six points 
that do not belong to any cluster; these are considered as noise.  

 
Figure 9.3. Shows sample datasets where clusters of point features and noise are easily distinguished. 
DBSCAN identifies dense areas as areas with a minimum number of points (minPts) within a certain 
distance (eps) from a point (Han et al., 2001). The area within the radius, eps, is the ϵ-neighbourhood 
of a point (see Figure 9.4). If there are minPts points, or more, in the ϵ-neighbourhood, that point is a 
core point. A point that is within the ϵ-neighbourhood of a core point, but is not a core point itself is a 
border point (Ester et al., 1996). Points that are not within the ϵ-neighbourhood of any core point are 
noise. 

 
Figure 9.4. Shows two clusters identified by the DBSCAN algorithm. ϵ-neighbourhood is illustrated 
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with circles around the core points, minPts = 3. 
When DBSCAN builds clusters the following rules are applied (Han et al., 2001): 

- A point can only belong to a cluster if it lies within the ϵ-neighbourhood of a core point. 

- If a core point a lies within the ϵ-neighbourhood of another core point b, then a must belong to 
the same cluster as b. 

- If a border point lies within the ϵ-neighbourhood of more than one core point, and these core 
points belong to different clusters, then the border point is assigned to only one of the clusters. 

This implies that the result of the DBSCAN-algorithm is sensitive to the two parameters, eps and 
minPts. This is a disadvantage that may lead to a process of trial and error to find suitable values. In this 
study it is likely that the main challenge is to find suitable values for the parameters. 

To build clusters, DBSCAN checks the ϵ-neighbourhood of each point in the dataset. If the ϵ-
neighbourhood of a point o, contains at least minPts other points, it is a core point and a cluster c is 
created around o. All points, both core- and border points within the ϵ-neighbourhood of point o are 
added to cluster c. If any of these new points are a core point, all points within the ϵ-neighbourhood of 
the newly added core points are added to cluster c. This way a cluster grows until no more core points 
are found within the ϵ-neighbourhood of newly added core points. Then a new core point outside 
cluster c is taken and the process is repeated to build another cluster. It might happen that a core point 
that is added to a cluster already belongs to another cluster; then these two clusters are merged. The 
process is continuing until no more points can be added to any cluster. 

The algorithm checks the ϵ-neighbourhood of all points. To find the points inside the ϵ-neighbourhood 
all other points are checked. This means the computational complexity of DBSCAN is O(n2), where n is 
the number of points in the dataset. By using spatial indexes, such as R-tree, when the ϵ-neighbourhood 
is checked, the performance can be improved to O(n logn). There is also research that implements a 
linear DBSCAN algorithm with the computational complexity O(n) (Wu et al., 2007). 

9.3 Implementing the DBSCAN algorithm 

9.3.1 Geographic data in the case study 

Datasets 

To enable a comparison with the user-study in Stigmar & Harrie (2011) (Figure 9.2) the same dataset 
was used. However, contours, landcover and watercourses were excluded; these were considered as 
background information.  

Data were provided by Lantmäteriet (The Swedish Mapping, Cadastre and Land Registration Authority) 
and Helsingborgs kommun (municipality of Helsingborg).  

Adding data to PostgreSQL/PostGIS 

Data were added to a PostgreSQL/PostGIS database using the same method as in Chapter 8. 

Creating a MapFile 

A MapFile was created in a similar fashion as in Chapter 8. 
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9.3.2 Implementation of the DBSCAN algorithm 
The purpose of this study is to test if DBSCAN is suitable for identifying areas with poor legibility in a 
map. It is not aiming at adding functionality to CEG at this stage. Hence, the implementation utilizes 
CEG, but the DBSCAN method solely is called. No methods in the cartographic core are called and no 
map is returned.  

Implementation structure 

The DBSCAN algorithm is implemented in CEG as two classes: ClusterCreator and DBSCAN. The 
workflow of the client is as described in Chapter 8. To call the DBSCAN method the CEGThread, that 
is the Java program acting as a spider in CEG, is modified compared to the implementation presented in 
Chapter 8. When CEG receives a GetMap request, CEGThread formulates a WFS GetFeature request, 
parses the GML-files received from external services and saves the features as WFSFeature-objects; this 
is the same procedure as when the polygon overlay method is invoked. Then the CEGThread calls the 
ClusterCreator instead of the polygon overlay method and the implementation follows the workflow in 
Figure 9.6.  

Parameter to ClusterCreator is a set of WFSFeature-objects; these hold all geometries in the dataset in 
Well Known Text (WKT) format. From the geometries map points are created to represent the amount of 
information. For each point object in the dataset, one map point is created. For the line- and polygon 
feature the map points are created from each line segment. If the length of a line segment is below a 
threshold, map points are created from the endpoints of the line segment; if the length exceeds the 
threshold, map points are added along the line segment so that no distances between map points exceeds 
the threshold (Figure 9.5). The rationale for adding points are to add map points so that areas with 
several straight parallel line features, such as in railway yards, can be identified as difficult to read. JTS 
Topology Suite (JTS) is used for the geometry operations and the map points are stored as JTS 
Coordinate objects. 

 
Figure 9.5. Shows the map points created from a line feature. See text for explanation. 
The Coordinate objects are sent to the DBSCAN class, where they are converted to DBSCANCoordinate 
objects; that is an inner class in DBSCAN that extends the Coordinate class with an integer attribute for 
cluster ID. The cluster ID is used when points are assigned to clusters. The rules described in 9.2.2 are 
applied in the following workflow: 

1. Core points are identified. 

2. Core points that are within the ϵ-neighbourhood of each other are merged to clusters.  

3. Non-core points are added to the clusters. 

The result is a set of DBSCANCoordinate objects, where the cluster ID for each point is set according to 
which cluster the point belongs to. Since it is preferred to return objects of a type that is commonly used 
one Coordinate object is created from each DBSCANCoordinate object. However, Coordinate does not 
have an attribute for cluster ID. Hence, the Coordinates are placed in arrays, one array for each cluster. 
These arrays are returned to the ClusterCreator, where the convex hull of each cluster is created. 
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Figure 9.6. Shows the workflow of the ClusterCreator- and the DBSCAN-classes. 
Since the aim of this study is to test if DBSCAN can be used to identify areas with poor legibility no 
effort is made to visualize the result directly from the program. Instead ClusterCreator prints the convex 
hulls as WKT Polygon objects in the console window of Eclipse. Then the convex hulls are copied 
manually into the open source software OpenJump (OpenJump, 2011) and visualized.  

Test on random point data set 

A simple study of the capability of DBSCAN to create clusters, and the suitability to use convex hull to 
visualize a cluster was also performed. For this study the DBSCAN algorithm was invoked as above but 
data were a set of randomly created point objects.  

9.4 Result 
Figure 9.7 – 9.9 show how clusters are affected by the parameters minPts and eps. Naturally large ϵ-
neighbourhood results in less, but larger clusters. This means larger areas are identified as difficult to 
read. Since the convex hull is created around each cluster the actual shape of the clusters are not clearly 
shown with large ϵ-neighbourhood. This may result in large areas that are not part of the cluster, being 
covered by the convex hull. In Figure 9.7, about half of the area is covered by one large cluster. This 
cluster is overlapping other small clusters. With decreasing eps, as in Figure 9.8 and 9.9, the number of 
clusters is increasing, and the shapes of the convex hulls conform more to areas with poor legibility. 

 
Figure 9.7. Shows clusters created with minPts=7 and eps=150m. 

minPts=7 and eps=150m 
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Figure 9.8. Shows clusters created with minPts=7 and eps=115m. 

 
Figure 9.9. Shows clusters created with minPts=8 and eps=75m. 

9.5 Discussion 

Clustering algorithms for finding areas with poor legibility 

This study is a limited test to see if DBSCAN is suitable for identifying areas with poor legibility in a 
map; however, the result seems promising. If a more extensive study of how the parameters, minPts and 
eps, affect the resulting clusters is conducted, it might be possible to reach a high correlation between 
clusters created and areas identified as illegible. When comparing the results with Figure 9.2 it should be 
noted that contours and landcover are not considered in the study with DBSCAN. In the figure there is a 
large area in the upper right part that was perceived as difficult to read; this is due to the contours. The 
lowermost area is likely to be perceived as difficult to read due to a nature protection area (distinct green 
line with complex shape) and contours along the gully (Figure 9.2); hence, it is not identified by 
DBSCAN. There are also areas along the harbour (SW) in Figure 9.2 that are perceived as difficult to 
read. Here the coastline is represented by water in the landcover data. Since landcover is not considered 
in this case study the complex shape of the coastline is not included in the case study. Hence, these areas 
are not easily identified by DBSCAN. 

 

minPts=7 and eps=115m 

minPts=8 and eps=75m 
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Another major consideration when developing this method is to find a balance between the impact of 
point features and line/polygon features. In the test performed the effect of point-features on legibility is 
underestimated. Since the implementation of DBSCAN only considers distances in 2D-space no value 
can be given the points to increase their impact on the result. One option is to add additional point(s) 
around each point feature to increase their influence. The approach could be to add a fixed number of 
map points to each point feature, or the number of points could be decided by the complexity/size of the 
symbols used to visualize the point feature. Adding map points would, however, make the method less 
efficient by increasing the number of computations performed by DBSCAN. 

Another option is to decrease the impact of line- and polygon features by applying some kind of 
generalization. Especially smooth curves on line- and polygon features tend to be overestimated. These 
gentle curves consist of several short line segments that result in a large amount of map points being 
created. These map points may result in clusters that are not due to poor legibility. One approach to 
solve this problem would be to define a threshold for the ratio between the length of a line and the 
number of vertices. There should also be a threshold for the number of points in a line – if the line 
consists of one line segment, no vertices can be removed. To decrease the number of vertices a 
simplification algorithm (see 2.3.3), such as Douglas Peucker (Douglas & Peucker, 1973) should be 
applied. However, the shape of the lines/polygons must be preserved as far as possible; if a generalized 
version of the map is used, the ability to find areas with poor legibility will be affected.  

One limitation in this study is that only geometries are considered. In a map geometries are visualized 
with symbols; hence, symbology should be more appropriate to consider when testing legibility. This is 
done in another method, the Threshold method, that was developed by Karsten Pippig as a part of the 
study presented in Olsson et al. (2011). The Threshold method is based on measures and thresholds 
defined in Stigmar et al. (2011). This suggests the method is able to identify areas with poor legibility 
with a higher accuracy than the DBSCAN method. However, the performance is poor and substantially 
more time is required compared to the DBSCAN method. A future solution could be to use a method 
based on DBSCAN to identify clusters that are considered as a candidate set of areas with poor 
legibility; these areas are then sent to the Threshold method to examine which areas that require 
generalization. To limit the number of candidate areas a minimum size of a cluster could be applied. 
Finally, generalization operations are applied on the areas identified as difficult to read. However, 
performance must be considered. It might be so that it is more efficient to apply generalization directly 
on the areas identified by DBSCAN, than first refining the search with the Threshold method. 

It is also so that texts are not considered in this study. The argument for that is that texts should be 
added at a later stage of the process. At this stage no methods related to placement of texts are 
implemented in the cartographic enhanced geoportal. However, a feasible approach is that text is placed 
by one of the last methods after possible generalizations and methods that affect symbology in the 
cartographic core are applied. Hence, text should not be considered by methods to identify areas with 
poor legibility. 
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Proposals of improvements 

A study of the capability of DBSCAN to create clusters, and the suitability to use convex hull to 
visualize a cluster was also performed. Figure 9.10 shows the result from a set of randomly distributed 
points. 

 
Figure 9.10. Shows the result of the test with a set of randomly created point. The number of points is 
200, the area is 500x500m. The polygons are the convex hulls of the clusters; all points are grey. 
minPts=4 and eps is 40 m. 
Since the study is limited no major conclusions can be drawn. For some of the clusters density is 
homogenous; for these DBSCAN perform well, and convex hull is suitable for representing the clusters. 
However, in some cases the density of a cluster created by DBSCAN, and represented by the convex 
hull, is not homogenous. This is most obvious in the lower right (green) cluster in Figure 9.10. The 
cluster has higher density of point object in the upper part. In the lower part there are point object close 
to the convex hull that are not included in the cluster. This is partly due to the nature of the convex hull, 
but also the parameters of DBSCAN. To obtain more homogenous clusters possible approaches might 
be (the cluster considered is the lower right (green) in Figure 9.10): 

Change parameters of the DBSCAN algorithm - Decreasing eps and/or increasing minPts would result 
in the green cluster being more homogenous. Only the upper points would be included. 

Modify the DBSCAN algorithm - Another option is to modify the DBSCAN-algorithm by introducing a 
local ϵ-neighbourhood for each cluster. The local ϵ-neighbourhood should depend on the number of 
points within the global ϵ-neighbourhood given as a parameter to the algorithm. For example, if the 
number of points within the global ϵ-neighbourhood is higher than minPts, the density in that area is 
high. Then a local ϵ-neighbourhood, lower than the global, could be used for that cluster. That would 
probably lead to the lower part of the green cluster would be noise and the density within the cluster 
remaining would be more homogeneous.  

Extend the convex hull - In the green cluster there are three points just outside the convex hull; these 
points are close to border points, but not core points. These can be included in the cluster by extending 
the convex hull. One method to include these points is to check if there are any points near, but outside 
the cluster. This could be done by a search based on an extended convex hull. For example, the convex 
hull could be extended by eps/minPts to get a dependency between the parameters and the extent of the 
extension. All points falling within this extended area are assigned to the cluster. In this case that would 
include the three points in the cluster. However, it would lead to extra computational burden. 
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Apply algorithms that represent the shape better than convex hull - Applying a concave hull, see e.g. Xu 
et al. (2010), would give a shape that better corresponds to the distribution of the point features in the 
cluster. However, concave hulls are less frequently used than convex hull and there is no 
implementation in JTS.  

The first two suggestions would lead to smaller areas identified as difficult to read. The third would lead 
to larger areas. The last method would lead to polygons that better represent the shapes of the clusters. 
For this study the first suggestion, to find suitable parameters for DBSCAN, is likely the most suitable. 
One reason for that is that the aim is not to optimize the shape and size of the clusters. The clusters are 
only aiming at identifying areas with poor legibility. These areas are then used either as candidate sets 
for the Threshold method or generalization operations are applied. 
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10. Discussion 
A well functioning spatial data infrastructure with geoportals that facilitate searching, viewing, and 
distributing geographic data may save substantial time for any organisation, company, or private person 
that requires access to geographic data. Time that nowadays is spent searching or collecting data can be 
spent analysing data, if data are easily found and accessed in a geoportal. However, the promising 
development is not without challenges. Some examples of cartographic problems that may occur when 
geographic data from several sources are combined are presented in Chapter 6. If it is not possible to 
combine data from several sources and design a map that is easy to read the usability of a geoportal will 
be limited and it will not reach its full potential. 

It could be discussed what the purpose of a view service is. A view service may be seen only as a 
service that enables a user working in a GIS environment to view and evaluate available data. When the 
user finds the data required he/she downloads them via a download service and works with the data 
locally. In that case it is sufficient with limited options for symbology. However, the requirement to 
have access to GIS software to design cartographically good maps limits the usage of a view service. If 
this is the purpose of a view service it implies the purpose of a geoportal is mainly limited to searching 
and distributing geographic data.  

If instead the view services available from a geoportal facilitate design of cartographic good maps, new 
fields of usage open up. Users can rely on a geoportal to design and view a legible map without any GIS 
software involved; an ordinary web browser is sufficient. It could, for example, be a planning 
department searching for possible locations for a specific purpose (see Figure 10.1). Constraints for the 
localization are: protected areas are prohibited; it must be located a minimum distance from urban areas; 
and localization is restricted to certain soil types. Imagine the planning department can connect to a 
geoportal and search required data. Protected areas are available from one (or more) service(s). Urban 
areas are found from another service, and a processing service is used to create buffer zones around 
these areas. Finally the suitable soil types are available from yet another source. All these data are then 
overlaid a basemap, and viewed in a cartographic nice fashion. This map may be used as a decision 
support tool. For the final decision a more exhaustive analysis is required, but for an early stage 
decision, a map created this way might be sufficient to find a set of possible location. However, this 
requires that the view services facilitate user-defined symbolization, or at least provides several options 
for symbology. 

 
Figure 10.1. Shows how a map used as a decision support tool is created from services available from a 
geoportal. 
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Another field of usage for a view service can be emergency situations and disaster relief. These are 
situations when data must be available with short notice. Data must also be presented in a cartographic 
nice fashion; in stressful situations communication must be clear to support correct decisions to be 
made; a poor map substantially increases the risk of erroneous decisions. Since maps should be available 
fast in these kinds of situations symbologies should be defined in advance. It could be libraries of SLD-
documents with symbologies for the geographic data that may be required, or simply a table listing 
which of the available styles to use for required data. These SLD-documents/lists of styles could be 
tailor-made for specific purposes, such as flooding or forest fire 

Poor view services do not only affect the usability of a geoportal; the number of potential users is also 
decreasing if GIS-software is required to view data properly. Organisations and companies that already 
work in a GIS environment are not affected by this. Private persons that do not have access to GIS 
software, on the other hand, are prevented from viewing much of the data available from a geoportal in a 
cartographic nice fashion. It is also so that private persons are likely to be less experienced map users. 
Hence, the idea of selecting which layers to include in a map and which styles to apply is probably not 
suitable. The question is then if a geoportal should target this group of people at all. Is there any interest 
in a geoportal or are only map services such as Eniro (http://kartor.eniro.se/), Google maps 
(http://maps.google.com/), or OpenStreetMap (http://www.openstreetmap.org/) interesting for this group 
of less experienced map users.  

In this discussion it should be noted that a geoportal is a gateway to geographic data and services; it is 
not the geoportal itself that decides which symbologies are available. A geoportal only enables a user to 
search, view, and/or download data from available services. However, the geoportal may also play a 
cartographic role. The Cartographic enhanced geoportal contains a cartographic core that holds a library 
of methods to improve cartography and a symbolization library that holds several styles to apply on 
geographic data. These methods and styles could be seen as extensions of a geoportal that enables 
improved cartography. A similar approach is to consider them as a service as the cartographic service in 
Figure 10.2. The cartographic service can be available from the geoportal in the same fashion as other 
services such as WMS- and WFS-services. In that sense a user can connect to a geoportal and search for 
data and services as the situation is today; users that only needs to search and download data use a view 
service to find data and download the data from a download service. A user that wants to view data from 
several sources on the other hand connects to the cartographic service, and via the service retrieves data 
from other services and applies methods to improve cartography. In a system architecture like that only 
users that visualize data from several sources in one map utilizes the cartographic service; users that 
connect to a geoportal to download data can do so without invoking the cartographic service. This 
design would have the advantage that it enables good cartography, and at the same time remains as 
today for users that mainly download data.  

 
Figure 10.2. Shows a geoportal where a user can either directly search, view, and download data from 
available services, or access the same services via a cartographic service. The cartographic service 
facilitates enhanced cartography for maps based on the cartographic enhanced geoportal. 
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However, the cartographic service itself cannot enable user-defined symbology; it must be supported by 
the services available in the geoportal. One possible solution is that the services define their own 
symbologies tailor-made for presenting their data. In addition there are several styles available in the 
symbolization library in the cartographic service. These styles could be tested and approved by services 
available from the geoportal, to ensure they are applicable to their data. To increase user-friendliness, 
themes, such as different planning applications, could be defined to assist users in finding suitable 
symbologies. This approach is not enabling user-defined symbologies, but provides several styles to 
choose from, which substantially increase the chance to design a cartographically good map. It also has 
the advantage that the definitions of symbologies are centralized to the cartographic service. This gives a 
better overview for a user instead of each service having different styles available, and the service 
providers do not need to define any styles except their own. It will, however, require a responsible body 
for the cartographic service. This body could also accept proposals for additional styles from users of a 
geoportal, and service providers; the proposed styles can then be tested and if they are approved they are 
added to the symbolization library. 

Another more flexible approach would be to always download all data requested in a GetMap request 
via WFS and handle all the symbolization in the cartographic service directly from the GML-files as 
earlier suggested. This would have the major advantage that the cartographic service could enable user-
defined symbologies regardless of the capabilities of the external WMS services. That means no 
additional requirement related to symbologies would be applied to service providers connected to the 
geoportal. 

Emergency situations and disaster relief were discussed earlier. This could be another possible service 
available from a cartographic service in a geoportal. SLD-documents could be available as suggested. In 
a situation when the service is needed a user connects to the service via the geoportal and selects a 
theme, e.g. flooding or forest fire. The service then designs a map according to an SLD-document that 
defines which data are required and how to symbolize these data for the theme selected by the user. 
With this approach a user is enabled to retrieve required data presented with good symbology in short 
time. In cases like this where time is a constraint and there are pre-defined SLD-documents stating what 
data to include, it would be possible to utilize pre-computed positions for icons visualized according to 
the polygon overlay method. These positions could be stored as point layers together with the polygons 
layers giving the boundaries of the polygons. This approach would increase efficiency. 

Common guidelines for symbology 

Until now mainly techniques and standards to improve cartography with a focus on the users’ 
viewpoints have been discussed. Another approach to increase the possibility to combine data from 
several sources in a cartographic nice fashion is by cooperation among service-providers and users to 
define common guidelines for design of symbology. An organisation may, for example, have one set of 
symbols that are designed to present their own data, and other symbols that are suitable to use when the 
data is presented together with data from other sources. This could be facilitated via a cartographic 
service as discussed above. 

Well-established symbologies 

Another consideration is that many organisations have well-established symbologies. Users of those 
maps are used to these symbols; if other symbols are used there is a risk of confusion. However, if only 
a subset of these data is used in combination with other data, a map that is readable should be a higher 
priority than following strict symbologies. For example, soil maps are symbolized with well-established 
symbology, but if only a few soil types are included in a map, as in the example with a planning map for 
localization, other symbols could be used. The soil types included can e.g. be called suitable soils and be 
visualized with the same symbol.  
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Standards for symbology 

Another discussion is what standard(s) that will be used for symbology in the future. As mentioned the 
first version of the SLD standard was split into SLD and SE. The rationale for the division is good; that 
is that the parts that are independent of the WMS-standard is defined in SE and, hence, enabling SE to 
be used as a general styling language. However, this split was done in 2007, and there are still few 
implementations of SLD/SE. The first version of SLD on the other hand is widely used. There are 
several implementations (e.g. Geoserver and MapServer) that both read SLD-documents, and create 
SLD-documents from available styles.  

Placement of text 

Placement of text has not been discussed in the practical part of this master thesis. Text is, however, an 
important part of a map. Valuable information is given by texts, but text must be placed with care to 
avoid obscuring important information. Methods for placing text are a potential extension of the 
cartographic core. These methods are probably most suitable as a last step in the design process of a 
map. A possible workflow of a future version of the cartographic enhanced geoportal could be: 

1. Find areas with poor legibility 

2. Apply appropriate generalization on these areas (if any). 

3. Apply methods in the cartographic core to improve cartography. 

4. Text placement methods are applied. 

Legends 

Another important detail that has not been discussed in this study is legends. Legends are an important 
part of a map; it must be possible for a user to find what the symbols in a map represent without much 
effort.  

Other considerations for service providers 

In this study the focus has been on symbology. However, a service provider might also have other 
regulations to consider. For example, the INSPIRE directive has accessibility requirements that must be 
fulfilled. In a development stage it is likely that these kinds of considerations have higher priority than 
symbology, and the focus tend to be on providing a well functioning service that visualizes data with a 
symbology designed to be used by that service. 
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11. Conclusions 
When geographic data from several sources are combined the chance to design a cartographically nice 
map depends to a large extent on the symbologies provided by the view service. A service that supports 
user-defined symbology enables a user to design a map that is easy to read; a service that provides 
several styles for each layer increases the chance to design a good map combined with data from other 
services. If a service on the other hand only provides default styles for each layer the risk is substantial 
that data from several sources cannot be combined without hiding important information.  

To reach the full potential of a geoportal, the view services available should facilitate user-defined 
symbologies, or at least provide several symbologies for each layer. There should also be methods to 
improve cartography when e.g. polygons are overlaid other information. The cartographic enhanced 
geoportal presented in this study facilitates development of methods to improve cartography in view 
services available over the Internet, and it can be used as a test bed for further development of 
cartographic methods. If the methods that are developed are implemented in a geoportal, the usability 
will increase since the geoportal can be used to design cartographically good maps; no GIS software is 
required. However, at the time of writing only two methods are developed, and before any methods can 
be implemented in a geoportal further development must be performed. 

Case study I - colour saturation method and polygon overlay method 

The polygon overlay method enables a user of a view service to combine data from several sources and 
design a map that is easy to read. By symbolizing polygons with boundary and icons placed in 
optimized positions, polygons can be overlaid other data without hiding any underlying information. 
The result shows the advantage of the method compared to symbolizing polygons with solid fill or 
hatched fill. 

The colour saturation method enables a user to build visual hierarchies by deemphasizing background 
information. The idea of deemphasizing the background can be developed to enable a user to define a 
wide range of levels in a visual hierarchy. That will, however, make the method less user-friendly. 

Case study II - Identifying areas with poor legibility 

The second case study showed the potential of utilizing the DBSCAN algorithm to identify areas with 
poor legibility in a map retrieved from a view service. The results are promising, but further studies 
must be performed to find suitable values for the parameters to the algorithm. It should also be 
investigated how to either give point features more influence or line/polygon feature less impact on the 
resulting clusters. 
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Appendix A: WMS Capabilities document 
The response to a WMS GetCapabilities request is an XML-document, here called WMS capabilities. 
This appendix gives a detailed description of the content of the document. The appendix is based on 
(WMS, 2006) unless others stated in the text. The document shall be formatted according to the XML 
schema found online at: http://schemas.opengis.net/wms/1.3.0/ 

A.1 Elements in the WMS Capabilities document 
Some elements in a WMS capabilities document are used inside several other elements. These are: 

Names and Titles - several elements, e.g. layer that have both name- and title elements. The name is a 
string used for machine-to-machine communication; hence it is generally short. Title is for a human user 
of the service; hence they can be longer and more descriptive. A layer might have the name and title as 
in the example below:  
<Layer> 

<Name>l_build<Name>  
<Title>Buildings in the municipality of Lund<Title> 

</Layer> 

Abstract - is used for longer narrative descriptions of objects. For a style element in a layer called 
buildings the abstract could be:  
<Abstract>This style symbolises buildings with thin black outline and red infill</Abstract> 

KeywordLists and Keywords - the KeywordList element contains a list of Keyword elements. These 
should be included to help catalogue searching. If data are added to a geoportal the keywords can be 
added to the catalogue service; that way a user can find the data if keywords are used in a search. 

Online resource - is normally a HTTP URL. 

Format - is used to list available formats, as MIME types.  
<Format>image/png</Format> 

A.2 Structure of the WMS capabilities document 
The document tree for a WMS capabilities document is shown in Example A1. The root element of the 
WMS capabilities is the WMS_Capabilities element. The WMS_Capabilities element holds the attribute 
version, which is important since a GetMap request should be of the same version as the WMS 
capabilities. The version shall be given as VERSION=X.Y.Z, where X, Y, Z are integer values, e.g. 
VERSION=1.3.0. WMS_Capabilities also holds the link to the XML-schema for the document. 
<WMS_Capabilities> 

<Service> 
</Service> 
<Capability> 

<Request> 
</Request> 
<Exception> 
</Exception> 
<ExtendedCapabilities> 
</ExtendedCapabilities> 
<Layer> 
</Layer> 

</Capability> 
</WMS_Capabilities> 

Example A1. WMS capabilities document tree. Note that several mandatory attributes are missing. 
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WMS_Capabilities has two child elements: service and capability. The service element gives general 
information about the service, and the capability element advertises the capabilities of the service. The 
capability element has four child elements: request, exception, extended capabilities and layer. 

Request - which requests are supported, e.g. if GetFeatureInfo requests can be made. 

Exception - in which format exceptions can be given. 

ExtendedCapabilities - if there are any extended capabilities. 

Layer - advertises available layers, how they can be styled, etc.  

A.2.1 General service metadata 
First part is a service element giving general information. Mandatory information are: name, title and 
online resource URL. Optional information includes abstract, keyword list, contact information, fees, 
access constraints and limits on the number of layers in a request, and/or maximum size of the map. 

Abstract - gives a more detailed description of the content of the service. 

Online resource - is likely to be the website of the service provider. 

Layer limit - the maximum number of layers allowed to include in a single GetMap request. If no value 
is given there is no limit. 

Max width and max height - maximum size of a map if there is any. 

A.2.2 Capability of the service 
The capability element has four child elements (Example A1). 

Request - advertises which WMS operations are supported: GetCapabilities and GetMap are mandatory; 
GetFeatureInfo is optional. If there are any ExtendedOperation they are also advertised here. For each 
of the available operations there are elements giving the following information:  

 

- The format element advertises which formats are available for output. 

- OnlineResource gives the URL for the resource. 

Exception - advertises available formats for a service exception report. Default is text/xml. 
Extended capabilities - is used if any extended capabilities are added to the service. 

Layer - which layers are available, which styles are available for each layer etc. It is probably the most 
interesting element to a user of a WMS service. 

                        A.2.2.1 The Layer element, its child elements and attributes 
Inside the layer elements the geographic data available are advertised. There are several mandatory and 
optional elements, and some optional attributes, to describe each layer. Conceptually each layer is an 
entity on its own but it is allowed to build nested structures; a parent layer may enclose one or more 
child layers and a child layer may in turn enclose child layers etc. This can be used to classify and 
organise layers, or reduce the amount of metadata; since child layers can inherit properties from parent 
layers they only needs to be stated once. In the example below the parent layer has the title Protected 
areas and CRSs are EPSG:4326 and EPSG:3021. All child layers, also child layers of Recreation areas, 
inherit these. In addition the layer Recreation areas is available in EPSG:3006; this CRS is also 
available for the children of Recreation areas (Summer activities and Winter activities). The example 
illustrates a nested structure and inheritance; mandatory elements are missing.  
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<Layer> 
<Title>Protected areas</Title>  
<CRS>EPSG:4326</CRS>  
<CRS> EPSG:3021 </CRS> 
<Layer queryable="1"> 

<Name>nat</Name>  
<Title>National parks</Title>  

</Layer> 
<Layer queryable="1"> 

<Name>rec</Name>  
<Title>Recreation areas</Title>  
<CRS> EPSG:3006 </CRS> 
<Layer queryable="1"> 

<Name>rec_s</Name>  
<Title>Summer activities</Title>  

</Layer> 
<Layer queryable="1"> 

<Name>rec_w</Name>  
<Title>Winter activities</Title>  

</Layer> 
</Layer> 

</Layer> 

The parent layer only has a title, no name. Hence it cannot be requested in a GetMap request; it is only a 
category title for its child layers. In this case the category is Protected areas and the child layers are 
different kinds of protected areas, here National parks and Recreation areas. 

Inheritance for Layer elements 

A layer element can enclose several child elements. The values of these elements can either be given 
directly in the layer or being inherited from parent elements to the layer. 

Mandatory Layer elements 

Title - The title of a layer is a string describing it for a human user. The title cannot be used as a value 
for the parameter LAYER in a GetMap request (cf. Name). Child layers do not inherit the title. 

CRS - CRS gives the coordinate reference system(s) in which the map can be rendered. Every named 
layer must have at least one CRS element; it can be inherited from parent layers or stated in the layer.  

For WMS version 1.1.0 and earlier the parameter was SRS (Spatial Reference System) (WMS, 2002). 

EX_GeographicBoundingBox - A named layer must have a EX_GeographicBoundingBox; it defines 
the minimum bounding rectangle in decimal degrees. 

EX_GeographicBoundingBox is not included in WMS version prior to 1.3.0. A LatLonBoundingBox 
element instead defines a BoundingBox in decimal degree for EPSG:4326 (WGS84) (WMS, 2002).  

BoundingBox - Each layer must have one or more BoundingBox(es) declared; it is either inherited from 
a parent layer, or stated in the layer. In the WMS capabilities, BoundingBox has the following attributes: 

CRS – indicating which CRS that applies to the BoundingBox. 

minx, miny, maxx, maxy – gives the extent of the BoundingBox. 

resx, resy – are optional attributes specifying the spatial resolution of the data. 

BoundingBox declares the bounding box for the entire layer (cf. the GetMap parameter BBOX that 
defines the area to include in the requested map). If the BBOX covers a larger area than the 
BoundingBox for the layer there will be no data in parts of the map. 
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If CRS is CRS=1, there is no well-defined coordinate system. That layer should not be combined with 
other layers in a GetMap request. The unit for the BoundingBox is pixels, with the origin at the upper 
left corner of the image, with the x-axis increasing to the right, and the y-axis towards the bottom. 

Optional Layer elements 

Name - is used as a value for the LAYER parameter in a GetMap request. A layer that has a name is 
called a named Layer; only named layers that can be requested in a GetMap request. 
Abstract - gives a short description of the layer. 

KeywordList - a list of keyword elements used for catalogue searches. 
Style - defines how a layer is symbolized. The style element must have name and title elements, where 
the name is used as value for the STYLE parameter in a GetMap request. If there is only one style 
available, it is not compulsory for the server to include it in the WMS capabilities; this style will be 
default and a user cannot select any other. If there is more than one style available, the service metadata 
does not tell which is default. Styles are inherited by child layers. 

Scale denominators - The MinScaleDenominator and MaxScaleDenominator elements define scale 
ranges suitable for a layer. The purpose is to prevent requests for maps cluttered with information. The 
values are guidelines, not constraints. A server receiving a request that is out of the range of the scale 
denominators it either returns a blank map or a map with all requested layers even if it is illegible.  

Since maps requested from WMS-servers are displayed on arbitrarily screens, the values used for scale 
are computed for a common pixel size defined to be 0.28x0.28 mm. If a map covers an area of 
1000x1000 m and the image size is 200x200 pixels the scale denominator would be computed as:  

1000m / (200pixles x 0.00028m/pixel) = 17 857 

Since a server does not know the pixel size of the screen displaying the map and it may differ from the 
common, the value for the scale denominator are not always the same as the actual scale of the map.  

For WMS version 1.1.0 there are no scale denominators; instead there is a ScaleHint (WMS 2002). 
Dimensions - can be used for multi-dimensional data. 

WMS version 1.1.0 defines Dimension and Extent elements for multi-dimensional data (WMS, 2002). 

MetadataURL - is used to offer detailed and standardized metadata about the data in a particular layer. 

Attribution – is used identifying the source of the data, e.g. the URL of the data provider. 

Identifier and AuthorityURL – is used to list ID-numbers or labels defined by a particular Authority. 
AuthorityURL gives the URL of a document where the meaning of the ID-numbers is explained. 

FeatureListURL - is used to point to a list of the features that are represented in a layer.  

DataURL - is used to give a link to the underlying data in a layer. 

Layer attributes 

There are several attributes that may be used: queryable, cascaded, opaque, noSubsets, fixedWidth and 
fixedHeight. All of these are optional and default value is zero. Attributes given by parent layers are 
inherited by child Layers; an attribute that is redefined in a child layer replaces the inherited value.  

Queryable layers - a Boolean attribute indicating if it is possible to make a GetFeatureInfo request on 
the Layer. It is possible that a server supports GetFeatureInfo for some layers, but not for all.  
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Cascaded Layers - cascading means a server does not contain all data itself; instead data are retrieved 
from other WMS-servers. The attribute cascaded tells how many times the layer has been cascaded on 
the way to a WMS-server. Default is zero; that is when data are retrieved directly from the server. 

Opaque versus transparent layers - the Boolean attribute opaque states whether a layer is opaque or 
transparent. The attribute only gives information about its data content. All image formats do not 
support transparency; that means even if the attribute opaque is FALSE a layer cannot be transparent if a 
map is requested for a format that does not support transparency. 

Subsettable and resizable layers - There are three attributes in the layer metadata that can be used for a 
server that has limited functionality: noSubsets, fixedWidth and fixedHeight.  

- noSubsets are set to TRUE if a server is only capable of returning an image of the original 
bounding box. No subsets can be created; the BBOX parameter in the GetMap request must 
cover exactly the same area as stated by the BoundingBox element in the WMS capabilities.  

- fixedWidth and fixedHeight are defined if a server cannot change WIDTH and HEIGHT of an 
image. The value of the attribute indicates the fixed size; fixedWidth=512, means no other 
width than 512 is available for that layer.  
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Appendix B: Coordinate reference systems 
This appendix gives an introduction to the coordinate reference systems used in a WMS service. The 
appendix is based on (WMS, 2007) unless others stated in the text.  

There are two principal classes of coordinate systems associated with a WMS request: 
Layer Coordinate Reference System (Layer CRS) that is used for the Bounding Box that defines the 
area of the requested map. This is what is interesting for most users of a WMS since it corresponds to 
the CRS of the geographic data.  

Map Coordinate System (Map CS), that is the coordinate system of the resulting map from a GetMap 
request. When a map is requested the Layer CRS is transformed to the Map CS to create the map image. 

B.1 Layer CRS 
Layer CRS is the reference system of the geographic data; maps from different servers can only be 
overlaid if all servers have at least one CRS in common. The WMS standard does not make any CRS 
mandatory; it only defines how CRSs are identified. However, the standard recommends that a server 
should support geographic coordinates, such as WGS84 or another global ITRF-based reference system. 

CRS identifiers 

CRSs are identified by defining an identifier string. Two types of CRS identifies are allowed: label- and 
URL identifiers. 

Label identifiers - includes a namespace prefix, a colon, a numeric or string code, and in some instances 
a comma followed by additional parameters, e.g. “epsg:4326”, which is the identifier for WGS84. Three 
namespaces are defined: 

CRS - CRS namespace prefix refers to coordinate reference systems defined in the WMS 
standard; the definitions follow ISO 19111. A specific CRS is given in the format: CRS:code, 
where code is the code for the specific CRS in the CRS namespace. WGS84 geographic 
coordinates are given as “CRS:84”. 

EPSG - EPSG refers to the European Petroleum Survey Group (EPSG) geodetic dataset which 
defines codes for several common coordinate reference systems. A specific CRS is stated in the 
format: EPSG:code, where code is the code for the specific CRS according to EPSG. WGS84 
geographic coordinates are given as “EPSG:4326”. 

AUTO2 - AUTO2 is a namespace defined in the WMS standard. The namespace is used for 
automatic coordinate reference systems; that means the user selects the projection parameters. 

URL identifiers - a URL that points to a file containing a definition of the CRS.  

Geographic information with undefined CRS 

It is possible for a WMS to offer geographic information even if a reference system is missing. For 
example an aerial photo that is not georeferenced, or historical maps that have no modern coordinate 
system. This kind of information is treated as images. When declaring Layer CRS for such maps the 
label is CRS:1. A user should not overlay a Layer which CRS=CRS:1 with any other layers. Since the 
coordinates system is not defined the layers position in relation to other geographic data is not known. 
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B.2 Map Coordinate System (CS) 
Map CS is the coordinate system of the map from a WMS GetMap request. The Map CS has a 
horizontal axis denoted i, and a vertical axis denoted j, which can only take integer values >= 0. The 
origin of the coordinate system ((i,j) = (0,0)) is the pixel in the upper left corner of the map image; i 
increases to the right and j increases downward. The preferred orientation of the Map CS is with the i 
axis parallel to the East-to-West axis of the layer and the j axis parallel to the North-to-South axis of the 
Layer CRS; the coordinates should increase Eastward and Southward respectively. 

When creating the map, a transformation of coordinates from the Layer CRS of the data to Map CS has 
to be performed. Since the axis (x, y) of the Layer CRS depends on the definition of the reference 
system, e.g. whether the x-axis is Northing or Easting, it is not always so that the i-axis of the Map CS 
corresponds to the x-axis of the Layer CRS. This means the WMS has to account for axis order, origin 
and direction in the CRS; in the output map, coordinates shall be listed in the order defined by the CRS, 
but they should be mapped appropriately to the Map CS i and j-axis, otherwise the map will not be 
displayed correctly. The Map CS is labelled CRS:1. 

B.3 Vertical CRS, temporal CS and sample dimensions 
It is possible to use vertical CRSs and temporal CSs in a WMS. There is also a “sample dimensions” 
parameter that can be used for other then the four space-time dimensions; it could be used e.g. for 
satellite images where several wavelength bands cover the same area. For more information about these 
see annex C in the WMS standard specification (WMS, 2006). 
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Appendix C: MapFile examples 
This appendix includes two examples MapFiles used for (1) a MapServer that retrieves data from a 
remote WMS-server (Example C.1) and (2) for a MapServer that acts as a WMS-server (Example C.2). 

LAYER 
NAME "lund_kommun" 
TYPE POLYGON 
CONNECTION "http://anywms/cgi-bin/mapserv.exe?map=/mapfiles/wmsmap.map&” 
CONNECTIONTYPE WMS 
METADATA 

"wms_srs" "EPSG:3021" 
"wms_name" "lund_kommun" 
"wms_server_version" "1.1.1" 
"wms_format" "image/png" 

END 
END 

Example C.1. A MapFile where data are retrieved from a remote WMS-server; see 7.1.1.1 for details. 
 

MAP 
 NAME “lund_map” 
 PROJECTION  
  "init=epsg:3021" 
 END 

EXTENT  1330000 6156500 1363000 6189000 
 WEB 

METADATA 
         "wms_title" "Lund Municipality Map" 

       “wms_onlineresource” "http://anywms/cgi-bin/mapserv.exe?map=/map.map&” 
         "wms_srs" "EPSG:3021" 
  END 

END 
LAYER 

NAME "lund_kommun" 
PROJECTION  

   "init=epsg:3021" 
END 
TYPE POLYGON 
CONNECTIONTYPE POSTGIS 

  CONNECTION   "host=localhost port=5432 user=xx password=xxx dbname=xxxx" 
  DATA         "the_geom from lund_kommun USING UNIQUE gid" 
  STATUS       ON 
    CLASS   
    STYLE   
     COLOR        200 200 200 
    END  

 END  
METADATA 

"wms_name" "lund_kommun" 
"wms_title" "Boundary of Lund kommun" 
"wms_srs" "EPSG:3021" 

END 
END 

END 

Example C.2. A MapFile from a MapServer used as a WMS-server; see 7.1.1.1 for details. 
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Appendix D: shp2pgsql for adding data to CEG 
This appendix shows the syntax for shp2pgsql. That is PostGIS native loader of shape files into a 
PostgreSQL/PostGIS database. The example illustrates when data were loaded for case study I - colour 
saturation method and polygon overlay method. See 8.1 for explanation. 

Syntax and example 

The syntax for shp2pgsql is: 
Path > command > parameters > shape-file > table-name > sql-file 

The example below illustrates how the layer lund_kommun was added: 
C:/Program Files/PostgreSQL/8.4/bin>shp2pgsql    -I    shp_ceg/lund_kommun.shp    lund_kommun    >    
lund_kommun.sql 
Here the path is C:/Program Files/PostgreSQL/8.4/bin.  

shp2pgsql is required to run the loader.  

In this example the command –I is used; that means a spatial index, GiST, is built for the data. 

The name of the shape-file is given as a relative path and the filename; here shp_ceg/lund_kommun.shp. 

The name of the table is lund_kommun. 

The name of the file containing the SQL-query is lund_kommun.sql; it is saved in the same folder as 
shp2pqsql is located. 

The resulting SQL-queries are run in PostgreSQL to add the data to the database. 
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Appendix E: Part of the MapFile used in CEG 
The appendix shows part of the MapFile used for the case study in Chapter 8; only the layer 
lund_kommun is shown.  

 
MAP # Start of MAP-file 
 CONFIG  PROJ_LIB "C:\ms4w\proj\nad" #Path to EPSG-definitions  
 PROJECTION  
  "init=epsg:3021" 
 END   
 EXTENT  1330000 6156500 1363000 6189000 # Extent of the map   

   
 SYMBOLSET symbols.sym  # Path to symbolsset 
 FONTSET "./Fonts/fonts.txt"  # Path to fonts 
  
 WEB 
  METADATA 
  "wms_title" "Cartographic enhanced geoportal" 
  "wms_srs" "EPSG:3021" 
  END 
 END 
  
 LAYER 
  NAME "lund_kommun" 
  CONNECTION   "host=xxxx port=5432 user=xxx password=xx dbname=postgis" 
  CONNECTIONTYPE POSTGIS 
  DATA         "the_geom from lund_kommun using unique gid" 
  STATUS       ON 
  TYPE         POLYGON  
  CLASS 
   NAME "lund_kommun" 
   STYLE 
    COLOR        200 200 200 
    OUTLINECOLOR 0 0 0 
   END 
  END 
  
  DUMP TRUE  # To allow retrieval of GML 
   
  METADATA 
    "wms_title" "Lund Kommun boundary" 
    "wms_name" "lund_kommun" 
    "wfs_typename" "lund_kommun" 
     gml_include_items "all" 
     wms_include_items "all" 
  END 
 END  #LAYER 
END  # MAP 
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Lunds Universitets Naturgeografiska institution. Seminarieuppsatser. Uppsatserna finns tillgängliga på 
Naturgeografiska institutionens bibliotek, Sölvegatan 12, 223 62 LUND. Serien startade 1985.  Hela 
listan och själva uppsatserna är även tillgängliga på http://www.geobib.lu.se/ 
 
The reports are available at the Geo-Library, Department of Physical Geography, University of Lund, 
Sölvegatan 12, S-223 62 Lund, Sweden.  
Report series started 1985. The whole complete list and electronic versions are available at 
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