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Abstract:   
The aim of this paper is to examine the variable-scale method of presenting geodata for personal 
navigation using small-display mobile devices. Ideally, the user should have a large-scale map of 
his immediate vicinity for choosing the right direction at an intersection, for example. At the same 
time, the user requires a small-scale overview map where he can see his destination. A solution 
that meets these requirements is a variable-scale map, which is constantly updated to keep the 
user’s position in the large-scale area at the centre of the map. In this paper, a variable-scale 
mapping function is derived in accordance with some specific properties; then characteristics of 
the mapping function are visualised. Furthermore, real-time generalisation methods are used to 
adapt the original cartographic data to the small-scale areas of the variable-scale map. A prototype 
system of a variable-scale approach was created using the emerging XML-based vector-data 
standards (GML and SVG), where the generalisation and scale-variations were performed in an 
XSLT transformation. The prototype implementation of variable maps was tested in a case study. 
Finally, the potential and the limitations of variable-scale maps for personal navigation using 
mobile devices are discussed. 

1 Introduction 
In the near future an increasing number of maps will be displayed on portable computers and 
mobile telephones. These maps are often referred to as mobile maps. A major problem with mobile 
maps is their small displays, which put high demands on the selection of cartographic data to be 
shown. This becomes problematic when the user requires a considerable amount of cartographic 
information. In personal navigation, for example, users often need both a detailed map of the area 
surrounding the current position as well as an overview map. This means, in cartographic terms, 
that the user requires both large-scale and small-scale cartographic data. This paper concentrates 
on a method of giving the user both large-scale and small-scale map information simultaneously on 
a small portable display. The paper is based on the previous paper by the authors (Harrie, et al., 
2002). 

In principal, there are, three approaches to providing the user with both large-scale and small-scale 
maps on a single display: 

1) The user switches between a small-scale map and a large-scale map.  
Advantage: Full view of both the small-scale and large-scale maps. 
Disadvantage: The user does not see the two maps simultaneously; and might therefore 
have difficulty connecting the information from the two maps. Furthermore, switching 
between maps is necessary. 

2) The large-scale map is shown in the ordinary map window and the small-scale map is 
shown in a key-map. 
Advantage: The two maps are visible simultaneously. 
Disadvantage: Even though the user sees both maps at the same time, identifying common 
objects in the maps is often problematic. In addition, the key-map hides data in the ordinary 
map window, and it is often difficult to have sufficient space for both maps at the same 
time on a small display. 

mailto:lars.harrie@lantm.lth.se


Harrie, L.,   Sarjakoski, L.T and Lehto, L.  

 112

3) Large-scale and small-scale cartographic data are presented in the same map: in the 
vicinity of the user’s position large-scale data is shown, and far from the user’s position 
small-scale data is shown. 
Advantage: The large-scale data and small-scale data are integrated. 
Disadvantage: The map has a variable scale as well as discrete jumps between different 
types of representations.  

This study is devoted to the third approach; that is, the paper concentrates on variable-scale maps. 
Even though many studies have been performed in this area (see Section 1.2) we believe the 
subject requires more attention. Technical advances have given the variable-scale approach new 
potential in at least three respects. First, due to the user’s position being known by cellular network 
or Global Positioning System (GPS), it is possible today to have a mobile device showing 
cartographic data where the user will always be in the centre of the map. Second, new methods for 
real-time data integration and real-time generalisation make it possible to tailor the map to specific 
user requirements (Lehto and Kilpeläinen, 2000; 2001a; 2001b). Third, the emerging vector-data 
standards will enhance the transfer of cartographic data to a mobile user. In principle, this means it 
is possible to create a variable-scale user-tailored map that is updated while the user is moving. 

The terms large-scale and small-scale cartographic data are used only in a relative sense in this 
paper; that is, the small-scale data is less detailed than the large-scale data, but is not necessarily 
what most cartographers would regard as small-scale data in the absolute sense. 

The body of the paper is organised as follows: It begins with a survey of previous studies of 
variable-scale maps; and the theoretical background of our approach is presented in the third 
section.  Desirable properties of variable-scale maps are stated and then a mapping function is 
derived from these criteria. Furthermore, some characteristics of the new mapping function are 
computed and visualised. The fourth section is devoted to a prototype of variable-scale maps. It 
begins by describing the technical environment as well as some vector-data standards used. Real-
time generalisation methods are then briefly described. These methods are necessary to make the 
level of detail suitable in all parts of the map. The section ends with a case study, and concludes 
with Discussion and Conclusions. 

2 Previous studies of variable-scale maps 
Variable-scale maps have two basic purposes. First, a variable-scale map is used when a constant-
scale map is not sufficient for visualising all the required information. Second, a variable-scale 
map is used to make the density of a variable uniform; such maps are normally called cartograms 
(see e.g. Gusein-Zade and Tikunov, 1993). This paper deals with the first aim only. Furthermore, 
methods exist for showing images in variable scales (see e.g. Idelix, 2002); when these methods 
are applied to aerial images (in orthogonal projection) they give similar effects as map methods for 
variable-scale. However, this paper is devoted to maps stored as vector data; the issue of showing 
aerial images in variable scale is not discussed. 

2.1 Background 
A variable-scale map requires an appropriate mapping function. There are two main categories of 
these mapping functions. The variable-scale map coordinates (xvs, yvs) can be computed from the 
geographic coordinates latitude (ϕ) and longitude (λ): 

),(),( λϕgcvsvs fyx = .             (1) 

In this case the mapping function (fgc) is a type of map projection. The other category of mapping 
functions (fmp) computes a variable-scale map from coordinates in a map projection plane (xmp, 
ymp): 
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),(),( mpmpmpvsvs yxfyx = .                 (2) 

For the latter category the original coordinates (on the ellipsoid) must have been projected on a 
plane in advance by a standard map projection.  

This section contains descriptions of some variable-scale mapping functions from both categories 
above. Schematic maps are described in the last sub-section; these studies are of interest here, 
since schematic maps are a special kind of variable-scale map.  

2.2 Studies using variable-scale maps computed from geographic coordinates  
Much research has been devoted to developing map projections that have as little distortion as 
possible. In order to create a variable-scale map projection the aim is quite the opposite; the scale 
varies intentionally so that the map can visualise data with uneven distribution or focus on an area 
of interest. A number of map projections have been designed for this specific purpose. Snyder 
(1987) derived some azimuthal projections with a magnifying glass effect. These projections 
produce a map having a circular cap where the radial scale is constant outwards from the centre 
point (of the azimuthal projection); outside the circular cap the radial scale is smaller.  

Several examples of applied use of variable-scale maps exist. Hägerstrand (1957) used a 
logarithmic azimuthal map projection to visualise migration patterns, finding that most people 
moved only within a region, and a few moved between regions. He realised that to visualise these 
migration patterns a constant-scale map was insufficient. The city maps by Falk-Verlag, Germany, 
are commercial examples of variable-scale maps are. 

2.3 Studies using variable-scale maps from map projection coordinates  
Fairbairn and Taylor (1995) proposed variable-scale maps for urban areas. They argued that the 
density of objects is greater in the city centre where the scale should therefore be larger. In their 
study they implemented a variable-scale map where the scale decreases linearly from the centre of 
the map towards the edges (formulas for similar scale variations were also derived by Kadmon, 
1975). Furthermore, Lichtner (1979) used a transformation that magnified several parts of urban 
thematic maps. Similar ideas were recently presented by Guerra and Boutoura (2001). They 
proposed that a magnifying glass could be moved around a city map and that the area beneath the 
glass should be presented in another window where the data are magnified non-linearly.  

2.4 Schematic maps 
Special types of variable-scale maps are known as schematic maps (some authors use the term, see 
e.g. Kadmon, 1982). These maps have great geometrical distortions but are topologically correct; 
they are used mainly for presenting subway lines and other transportation networks.  Recently, 
research has been devoted to establishing automatic methods of generating and querying schematic 
maps (Avelar and Müller, 2000; Avelar and Huber, 2001; Cabello and van Kreveld, 2002). 

Agrawala and Stolte (2001) presented a study for personal navigation maps. They aimed to 
produce a navigation map resembling a hand-drawn sketch. Agrawala and Stolte argued that 
people are mainly interested in information about a route’s turning points and not the links 
between them. It is therefore better to shrink certain road elements (i.e., use a smaller scale locally) 
so that all required data concerning turning points may be presented. A beta version of their 
navigation map was made public on the web and received positive response.   

3 Variable-scale mapping function 
This section starts by describing the desired properties of a variable-scale map. Then a mapping 
function is derived according to these properties, which computes the variable-scale coordinates 
from coordinates stored in a map projection plane (cf. Equation 2).  
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Characteristics of the mapping function are described in sub-sections 3.2 - 3.4. It should be noted 
that the distortions and scale variations described in these sections only refer to the variable-scale 
mapping function (fmp). Since the original data is stored in a map projection plane some distortions 
are inherent in the data, but these are not examined here. 

The final sub-section provides a comparison between using a circular and quadratic area for 
uniform scale in a variable-scale map.  

3.1 Basic properties 
The aim of this study is to create a map for personal navigation using a small-display mobile 
device. The device communicates with a cartographic database by GSM. This implies that the map 
can be adapted to the current location of the user. A key idea of the variable-scale map, used in this 
study, is to show large-scale data for the 
circular cap around the user and small-
scale data for areas beyond (see Fig. 1).  

A variable-scale map requires the 
following properties (cf. Fig. 1):   
a) The scale should be continuous over 

the whole map.  
b) Within a circular cap with radius r0 

the map is shown in a uniform scale sl 
(cf. Figure 1) The scale (in radial 
direction) should be equal to sl at the 
radial distance r0 from the user 
position. The scale (in radial 
direction) then decreases by a 
constant factor to equal ss at a radial 
distance of r1. For distances longer 
than r1 the scale (in radial direction) 
should also be equal to ss. 

 

3.2 Mapping function 
In this sub-section we derive a variable-scale mapping function that gives a map having the 
properties listed in sub-section 3.1. The mapping function assumes that the original coordinates are 
stored in a map projection plane (cf. Equation 2). Since the mapping is symmetric, it can be 
constructed by applying the following three functions: 
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where fI and fIII are the ordinary transformation functions between Cartesian and polar coordinates 
and fII is a radial displacement function where rnew (the new radial distance) is a function of r (the 
original radial distance) (see Equation 4).  

The preferred presentation scale of the data set is here assumed to be equal to sl. The given 
mapping function is actually one that maps the difference from a uniform scale of sl. Considering 
this, and the desired properties in listed sub-section 3.1, we get the following radial displacement 
functions:  

 

Figure 1. The figure illustrates the circular cap (with 
radius r0) where large-scale data is shown and the area 
outside this cap where small-scale data is shown. Inside 
the small circular cap the scale is uniform (and equal to 

sl) and beyond radius r1. 
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where r0 and r1 are defined according to Figure 1. Figure 2 shows an example of a radial 
displacement function. 

3.3 Scale variations 
From the requirements used in deriving the 
mapping function we can directly determine 
that the scale in radial direction  (scaler ) is 
equal to: 
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The scale in tangential direction (scalet) is 
simply given by: 

r
r

rr
rscale new

t ∀= ,
)(

)(                     (6) 

As shown in Figure 3, the scale in 
tangential direction is larger than 
the scale in radial direction 
outside the cap. This is also seen 
in Figure 4, where the original 
grid has a hyperbolic form. 
Furthermore, Figure 4 shows two 
lines that were straight before the 
variable-scale mapping. The line 
that starts from the centre of the 
variable-scale mapping remains 
straight, while the other line 
becomes a curve.  This property is 
important, and is described further 
in the next section. 

Figure 2. The radial displacement function for the 
input parameters: r0=300 m, r1=600 m sl=1:10 000  

and ss=1:50 000. 

Figure 3. Plot showing the scale in radial (dashed line) and 
tangential (solid line) direction of the mapping function (as 
a function of the original radial distance (r)). The following 
input parameters were used: r0=300 m, r1=600 m, sl =1:10 

000 and ss =1:50 000. 



Harrie, L.,   Sarjakoski, L.T and Lehto, L.  

 116

(Figure 4)  (Figure 5) 

Figure 4. Distortions to a rectangular grid, with grid distance 250 m, by variable-scale mapping. The 
following input parameters were used: r0=300 m, r1=600 m, sl =1:10 000 and ss =1:50 000. The circle 

represents the circular cap with radius r0 (cf. Fig. 1). 

Figure 5. Distortions to a circular grid, with grid distance 250 m, by variable-scale mapping. The 
following input parameters were used: r0=300 m, r1=600 m, sl=1:10 000 and ss=1:50 000.  

3.4 Angular distortions 
It is important to note that the mapping function given by Equations 3 and 4 is not conformal. In 
fact, no conformal mapping exists which gives a continuous magnifying glass effect of a circular 
area (this follows directly from the fact that a mapping between two annuli is conformal only if the 
ratio between the radii is constant, see e.g. Nehari, 1975). 

To compute the maximum angular distortions we use Tissot’s Indicatrix from map projection 
theory. Even though this theory is mainly used for mappings between a sphere and a plane, it is 
applicable in this particular case.  

Using Tissot’s Indicatrix we can compute the local scale factor of the mapping function in all 
directions from one point. The scale factor has a maximum and minimum value in two orthogonal 
directions. The scale factor in these two directions are the principal scale factors, normally denoted 
as a and b. The angular distortion varies at a point (ω; see Fig. 6) depending on the size of the 
original angle and the direction of the angle. However, the maximum angular distortion (ωmax) can 
be computed as a function of the principal scale factors (see derivations in Canters and Declair, 
1989; Bugayevskiy and Snyder, 1995): 

.  arcsin2max 







+
−⋅=
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In the mapping function given by Equations 3 and 4, the maximum and minimum scale factors are 
in the radial and tangential direction. Hence, we can substitute a and b for the scale factors in 
Equations 4 and 5 and obtain the following expression for the maximum angular distortion: 
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As given by Equation 8 the maximum angular distortion is only a function of radial distance and 
not of the angle. In Figure 7 the size of the maximum angular distortion is plotted using the same 
input parameters as in Figures 2-5. The size of the distortion can be quite large, but it should be 
stressed that Equation 8 computes the largest distortion possible at a certain radial distance. If we 
compare the computed maximum angular distortion values in Figure 7 with the angular distortion 
of the grid in Figure 4, the latter distortions are smaller in size. But the angular distortions are 
similar in their general trend: no distortions within the cap (with radius r0), then a fast increase of 
angular distortion to a distance of r1, and finally a decrease of angular distortion. 
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Figure 6 (left). Angle before (αααα) and after (ββββ) applying a variable-scale mapping function. The angular 
distortion (ωωωω) is given by ωωωω=|αααα-ββββ|.  

Figure 7 (right). Plot showing the maximum angular distortion (ωωωωmax) as a function of the radial 
distance (r). The following input parameters were used: r0=300 m, r1=600 m, sl=1:10 000 and ss=1:50 

000. 

Figure 7 shows that the local maximum angular distortion is equal to zero within the cap of radius 
r0. For the centre point of the mapping the “global” angles are also not distorted. This is because a 
straight line that starts from the centre point remains straight (cf. Figures 4 and 5). This property of 
the “global” angles is important in personal navigation; for a user (standing at the centre of 
variable-scale mapping), the angles on the map are correct from his position. 

3.5 Circular or quadratic area with uniform scale 
The variable-scale map presented above has used a circular area with a constant scale (cf. Fig. 1). 
In this sub-section we make a comparison between using a circular area and quadratic area for 
uniform scale (Fig. 8).   

The variable-scale map for the quadratic case has properties analogous to the circular case in sub-
section 3.1. Inside the square with side two times d0 the scale is uniform and equal to sl.. Outside 
this region the scale in radial direction decreases linearly to be equal to ss at the border of the outer 
square with side d1 (cf. Fig. 8).  

The mapping function for the quadratic case is 
also describable by a radial distance function. In 
fact, the only difference from Equation 3 and 4 
is that the sizes of the quantities r0 and r1, in 
Equation 4, are dependent on the angle (ϕ, see 
Fig. 8):  
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where ϕ ∈  (-π,π ], and r1 is computed 
analogously. 

That is, the mapping function for the quadratic 
case is as follows. r0 and r1 are computed by 
Equation 9 and then the new coordinates are 

Figure 8. Illustration of a quadratic area (with side 
two times d0) where large-scale data is shown and 
the area outside this square where small-scale data 
is shown. Inside the small square the scale is 
uniform (and equal to sl) and outside the square  
with side two times d1 the scale in radial direction is 
constant (and equal to ss). 
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computed by Equations 3 and 4. 

In order to compare a quadratic and circular variable-scale map we use the technique of familiar 
shape (Mulcahy and Clarke, 2001; Lichtner, 1979). Figure 9 shows maps of urban areas. The 
original map was transformed by a circular and a quadratic variable-scale mapping functions. Both 
types of mapping functions share angular distortion outside the circular cap or the square. 
However, the distortions are more symmetric in the circular case. Even though the street network 
is distorted by the circular variable-scale mapping function, it is fairly easy to get a feeling of the 
original street network (cf. Fig. 9b). In the quadratic case, the distortions along the diagonals make 
it difficult to understand the geometry of the original street network (cf. Fig. 9c). This is also 
shown in the distortions of a grid in Figure 10. In the left part of the grid one vertical grid line is 
enhanced. The grid line makes a knot when it crosses the diagonal, as shown. This type of angular 
distortion is problematic since it gives the user a wrong impressions for example, streets aligned in 
a street network.  

       

Figure 9. Mapping with variable scale:  (left) original map, (middle) circular variable-scale map 
(r0=100 m, r1=200 m, sl=1:10 000 and ss=1:50 000), and (right) quadratic variable scale map (d0=100 
m, d1=200 m, sl=1:10 000 and ss=1:50 000). The data are from the City of Malmö, Sweden. (Copyright 

of the local municipalities in Skåne and the National Land Survey of Sweden, 2002.) 

        (Figure 10)      (Figure 11) 

Figure 10. Distortions to an initial grid, with grid distance 250 m, by quadratic variable-scale mapping. 
The following input parameters were used: d0=300 m, d1=600 m, sl=1:10 000 and ss=1:50 000. The 

square with side d0 is shown in bold (cf. Fig. 7). Two lines that were straight before the variable-scale 
mapping are shown. The line that starts from the centre of the variable-scale mapping remains 

straight, while the other has a knot where it crosses the diagonal. One of the grid lines is enhanced to 
visualise the distortion effect. 

Figure 11. Distortions to a circular grid, with grid distance 250 m, by quadratic variable-scale 
mapping. The following input parameters were used: r0=300 m, r1=600 m, sl=1:10 000 and ss=1:50 000. 
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Figure 11 illustrates how a circular grid is distorted by a quadratic variable-scale mapping 
function. Of special interest here is the fact that the radial lines remain straight. Considering this, 
and also that the scale is uniform in the inner square, it is apparent that the “global” angles are 
correct from the centre of the map in the quadratic case as well. 

4 Prototype implementation 
This study is part of the GiMoDig project 
(GiMoDig, 2002) and the variable-scale 
map has been implemented as one 
prototype within the project. This section 
begins with a brief description of the 
techniques used in the prototype. 

To make a variable-scale map really 
useful, it is important that cartographic 
data’s level of detail is in accordance with 
the presentation scale. Since the scale 
varies, the level of detail must be varied 
also. In the prototype system this is solved 
by applying real-time generalisation, 
described in sub-section 4.2. 

4.1 Technical solution  
In the implementation of the variable-
scale map prototype system of, Extensible Markup Language (XML) techniques in data 
distribution and transformations were used (Fig. 12). First, a GML file (Geographic Markup 
Language, see OGC, 2002) was derived from the original cartographic data set stored in a PostGIS 
database (a spatial extension to the PostgreSQL database management system; see Refractions, 
2002). This derivation was performed by the GeoServer (GeoServer, 2002) open source 
implementation of the Web Feature Service specification (WFS, see OGC, 2002). 

The GML file was transformed by an XSLT transformation and an SVG file was created (Scalable 
Vector Graphics: a standard format for presenting vector data on the Internet, see W3C, 2002). 
Finally, the SVG images were viewed in a browser using an SVG plug-in. For mobile devices not 
supporting SVG display the image must be rasterised on the server. In the prototype system this 
step was carried out by the Batik SVG library from the Apache Development Group (Apache, 
2002). The map resulting from the variable-scale process was visualised by the Mobile Internet 
Explorer (MIE) browser application on the mobile device. 

The variable-scale mapping function was implemented in the XSLT process with Java-based 
XSLT extension functions; the same process also used for the real-time generalisation. For details 
of how an XSLT process can be applied to GML data see previous work by Lehto and Kilpeläinen 
(2000, 2001a, 2001b). 

The free-of-charge XML software components applied in the prototype system include an XML 
parser (Xerces), an XSLT processor (Xalan) from Apache community (Apache, 2002) and the 
SVG Viewer plug-in from Adobe (Adobe, 2002). 

4.2 Generalisation methods  
In the variable-scale map presented in this study the scale decreases outwards from the centre of 
the map. In regions of the map where the scale is small, the map might be difficult to interpret. For 
example, in Figures 9b and 9c buildings in the border areas are too detailed for the presentation 

Figure 12. The most important components in the 
prototype system, and tools on which they are based. 
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scale. Methods are therefore required to simplify the representation and improve the readability of 
the small-scale parts of the map. 

There are basically two approaches to increasing the readability of the small-scale part of the map. 
The first approach is to use two different data sets: a large-scale data set within the cap and a 
small-scale data set outside the cap. A difficulty with this approach concerns the integration of the 
two data sets along the border of the cap. To enable such integration a multiple representation 
database (MRDB) is preferably used (an MRDB consists of different data sets connected by links 
between objects representing the same physical entities; see e.g. Buttenfield, 1993; Kilpeläinen, 
1997; Timpf, 1997; Harrie and Hellström, 1999).  

The second approach is to use a large-scale data set only. The data set is then generalised outside 
the cap. This means there is no need to integrate two different data sets; instead the approach 
requires suitable methods for real-time generalisation. Research in the field of real-time 
generalisation has taken place (see e.g. van Oosterom and Schenkelaars, 1995; Jones et al., 2000; 
Lehto and Kilpeläinen, 2000, Lehto and Kilpeläinen, 2001a, b), but problems in this area are still 
far from being solved. 

In this study we chose the second approach  (i.e., using a single data set). The implemented 
generalisation operators include building simplification and selection. In the implemented 
selection function, individual spatial objects can be selected or rejected for inclusion in the 
resulting data sets based on their feature type. Decisions are also based on properties (e.g. building 
areas) derived during the transformation. Building simplification is based on an algorithm that 
constructs the minimal enclosing rectangle of the building and orients a scaled version of it along 
the longest side of the building. 

Real-time generalisation is implemented in the XSLT transformation (for details, see Lehto and 
Kilpeläinen, 2000, Lehto and Kilpeläinen, 2001a, b). The XSLT transformation thus performs 
three different tasks: variable-scale mapping transformation, translating the data set into the correct 
XML vocabulary (SVG) and real-time generalisation.  

5 Case study 
This section describes a case study performed using the variable-scale prototype. The first part of 
the study was performed on a desktop computer and the second on a mobile device. 

The study was performed on test data from the City of Helsinki and the National Land Survey of 
Finland. Only building and road data were used.  The server-side processes were run on a two 
processor (AMD XP 1800+ 1.53GHz) Linux server with 1 GB of RAM and two 36 GB SCSI 
discs. A standard PC platform was the desktop client environment in the first part of the study. In 
the second part the mobile PocketPC-based PDA (StrongArm 206 MHz) was used. Wireless 
communication was carried out within a newly introduced GPRS network in Finland. 

Figure 13 depicts how variable-scale maps are able to show in a single map, data of different levels 
of detail and of different scales. As is also shown, this is achieved at the expense of other qualities: 
the street network is no longer rectangular and the distribution of the buildings is somewhat less 
clear.  

6 Discussion 
A key issue of variable-scale mapping concerns user aspects. So far our work has not incorporated 
any usability studies. To compare the advantages and disadvantages of variable-scale maps user 
studies should concentrate on the following questions:  

a) Will the user be able to make use of the integrated large-scale and small-scale data? 
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b) Since the mapping is not conformal it will destroy known geometries. What are the user 
reactions to distortions of rectangular street networks, for example?  

c) Inherent to the variable-scale map is the problem of discrete jumps of representation 
occurring along the border of the cap (or square). For example, if at the border area the 
large-scale data represent buildings and the small-scale data represent built-up area 
objects, there will be a discrete jump between the two representations along the border. 
Each neighbourhood might have uniform representation, but different representations for 
some adjacent neighbourhoods would still remain. What will the user reactions be to these 
discrete jumps? 

d) How good are variable-scale maps in comparison with other methods of presenting large-
scale and small-scale data (e.g. methods described in 1.1)?  

Other technical issues require further attention:  
a) Time response with respect to transformation and distribution of data is crucial for mobile 

maps; this problem was not examined in our study. 
b) More and better methods of real-time generalisation are required. The operators for real-

time generalisation used in this case study consist of the operators simplification and 
selection. In practice, more generalisation operators are required (e.g. some building 
objects in Figure 13 need to be aggregated).  

 

Figure 13. The above SVG image series illustrates the transformation variation depending on the 
changed parameters. Besides scale-variable, the small-scale map outside the circular cap r0 has been 

generalised by selection and building simplification. The scales in the study were set to sl = 1:1000 and 
ss = 1:4000. The remaining parameters were set as follows:  

1: r0 = 300 m, r1 = 1000 m, user position in the middle; 4: r0 = 200 m, r1 = 400 m, user position in the lower-left corner  
2: r0 = 300 m, r1 = 600 m, user position in the middle;   5: r0 = 200 m, r1 = 400 m, user position in the upper-left corner 
3: r0 = 200 m, r1 = 400 m, user position in the middle;   6: r0 = 200 m, r1 = 400 m, user position in the lower-right corner 

To conclude the technical issues above, we face a complicated computational problem that needs 
to be solved in real-time. It is questionable whether or not XSLT transformation is sufficient for 
solving these problems (without extensive own coding). A possible solution might be to use a 
geometrical and topological Java library. Parallel to this, studies are underway using a Java library 
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(Java Topology Suite; see Vivid Solutions, 2002) in an XML environment for real-time 
generalisation and integration of cartographic data (Harrie and Johansson, 2002).  

7 Conclusions 
The aim of this study was to create personal navigation maps for mobile devices having a small 
display. A variable-scale map approach was examined, in order to provide detailed as well as 
overview information to the user. In the study we derived a mapping function for a type of 
variable-scale map. This map has a circular cap where the scale is homogeneous and beyond which 
the radial scale constantly decreases to a threshold value. The mapping function is conformal in 
the centre of the map (which normally should be the user’s location) but not in all of its parts.  

Variable-scale map functionality was implemented in an XML environment; the transformations 
and required real-time generalisation of the geodata were performed as XSLT transformations. Our 
case study showed that variable-scale approach can be used to present an integrated view of large-
scale and small-scale maps on a mobile, small-screen device, thus supporting personal navigation. 
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