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Abstract

The age of the virtual worlds has begun. In the last years we have witnessed an incredible development of this
new technology, which is now commonly used by all the people that will visualise any three-dimensional data.
For centuries the main application field of cartography was the two-dimensional visualisation of spatial data.
Can cartography also profit from this new technology? A three-dimensional interactive topographic map does
not know any spatial, thematic and temporal limitations. It offers the user the possibility to choose its virtual
position within the map, permitting a more accurate perception and interpretation of the spatial and other
related information. We are convinced that the use of this technology in the domain of cartography domain
would significantly improve the quality of cartographic products and open new areas of application. The goal
of the presented project is the design and implementation of an efficient system for the generation, visualisation
and administration of interactive topographic 3D-masp. Since we are dealing with cartography, our aim is not
to achieve realistic landscape rendering, but a true cartographic symbolisation in space.

Introduction

The human perception system (HPS) can perceive and interpret the real world in a very natural way. However
the perception of a topographic map seems to be more difficult. In the cartography, many studies have been
made in order to understand the basic processes of the HPS and to exploit it to improve the quality of carto-
graphic products making it accessible for no-expert users, too. A lot of rules have been developed in the past
years describing how cartographic maps must be represented. A new way to improve the quality of a map
without exactly knowing how the information is processed from the HPS, is to produce maps that look more
similar to the real world. This does not mean we must achieve realistic landscape rendering, but rather that a
map must be produced so that we can be perceive it in a more similar way we perceive the real world. While the
real world is three-dimensional, it is reasonable to imagine that a three-dimensional map (3D-map) can be
easier understood as a conventional two-dimensional map. What we propose is to produce maps as perspective
projection onto a plane of a three-dimensional cartographic model (CM). It is clear that a CM can only be
managed with the aid of computer technology. An interactive management-system for the CM can substan-
tially improve the quality of a 3D-map. An interactive 3D-map can allow the user to move in real-time through
the CM and to select an optimal view position improving the flow of information from the map to the user. The
content of the CM can be easily selected and extended by the user according to his special requirements.
Queries and analyses (GIS functionality) about the content of the CM are possible at any moment during the
virtual travel through the CM.
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This paper focuses essentially on the way we are developing our three-dimensional cartographic model. Its
basic components and requirements are described in detail in the next sections.

The three-dimensional Cartographic Model

A cartographic three-dimensional model (CM) can be defined as a three-dimensional abstract description (gen-
eralisation) of one or more aspects of the real world or a part of it. The aim of this project is to automatically
produce high quality 3D-maps directly from a three-dimensional CM. This is an extension of the two-dimen-
sional principle of “intelligent maps” proposed in [Bär, 99], where maps are directly generated from the origi-
nal data base, appropriately generalised and visualised. The used three-dimensional model acts a very impor-
tant part in the production of high quality 3D-maps. One of the main research point of this project is how a CM
can automatically be generated from the existing data. Actually, most available data sets are two-dimensional.
Thus, it is worth the trouble to produce the cartographic three-dimensional model directly from the two-dimen-
sional data [Zanini, 99]. The main requirements for a CM are listed below:

1. Reduced data volume. The data volume necessary to describe a three-dimensional model can be a problem
for the current technology and must therefore be reduced to the minimum. This is very important if the CM
must be interactively managed.

2.  Vector data structure. The cartographic model must have a vector data structure. This allows, in opposition
to raster-structure, to reduce the data volume that is necessary to describe the model and allows an easier
computational analysis of the data set.

3.  Multi-resolution model. The content of the 3D-map must be represented in such a way that it can be per-
ceived from the human perception system. Because of the perspective projection, the map will not have a
constant scale. If not considered, this effect leads to undesirable effects, affecting the quality of the produced
3D-map (minimal dimension, to condensed map content, etc.). To solve this problem we propose to use the
level-of-detail technique (LoD). This means that each element contained in the 3D-map must be represented
with adequate graphic variables (shape, orientation, colour, etc) depending on the local scale: the closer an
element is to the viewer position, the more the element must be represented in detail.

To permit the use of the LoD-technique, the cartographic model is first subdivided into tiles. The main idea is
to define the content of each tile for more levels-of-details (high, middle, low) and let the visualisation system
represent each tile using the suitable level. Particular attention must be dedicated to the transition zone between
adjacent tiles, in order to ensure a continuos transition of the content of the CM. The more levels-of-details are
used, the more continuous the transition will be. On the other hand the data volume needed to store the model
increase rapidly with the number
of levels-of-detail, so that we must
agree a compromise. The tiles of
our cartographic model can be as-
sembled using the three basic ob-
jects shown in Figure 1.

In the next sections, the compo-
nents (3D Terrain, 3D Map-Ele-
ment) of the presented carto-
graphic three-dimensional model
and the developed visuals system
are explained in detail. Figure 1. Logical organisation of the three-dimensional cartographic model
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Modelling of the topography: the 3D-Terrain

For the description of the terrain surface, we used the digital elevation model of Switzerland (DEM25) pro-
vided by the Federal Office of Topography. This model gives the height value as an attribute for a finite set of
points that are regularly disposed (25m mesh size) on the horizontal plane (discrete surface description). Be-
cause we need a continuous description of the terrain, the surface is modelled using an irregular tessellation
description. The continuos surface is approximated using an arrangement of non-overlapping irregular trian-
gles, whose vertices are the original DEM data (triangulated irregular network). A triangulated irregular net-
work (TIN) has two desirables properties:

1. It can be adaptive. The irregularity of a TIN allows the resolution to vary over the surface, capturing details

only where required (adaptive triangulation).

2. Progressive refinement. A TIN can be refined in a progressive way, maintaining the continuity between the
adjacent triangles.

However, the construction of a triangulated irregular network starting for a set of points is not unique. We used
a Delaunay-triangulation because of its desirable property to generate a set of triangles that are “as equilateral
as possible”, avoiding long and thin triangles that will produce undesirable effects by the visualisation process.

To convert the DEM25 into a TIN, a filter was developed. The AdTIN-filter generates a surface description of
the original DEM in the form of a TIN with the particularity that the refinement of the triangulation is adapted
to the irregularity of the surface (adaptive triangulation). That means that only the relevant points of the origi-
nal DEM are used to produce the final Delaunay-triangulation. A point is classified as relevant if its integration
in the TIN significantly improves the quality of the surface description. The size of the smallest details (SD)
used to describe the surface seems to be an adequate parameter to measure the quality of the surface. With the
AdTIN-filter this parameter can be varied in order to produce surfaces with different quality (levels of detail).
Figures 4 shows a region (7x5 km2) extracted from the DEM25 and processed with the AdTIN-filter with
different values of SD. The model has an average scale of 1:95000 (calculated using the diagonal of the model).
The reduction of the data obtained from processing the DEM25 data with different values for the SD, is listed
in the Table 1.

Table 1.  Data reduction obtained processing a region of 7x5 km of the DEM25 with the AdTIN-filter

SD in space [m] SD on the map[mm] Data reduction [%]

0 0.00 16

5 0.05 83

10 0.10 91

30 0.30 97

Definition of the region: 708000/115000-715000/120000

This example shows the high redundancy contained in the original model (~16%), as well as the potential data
reduction that can be achieved for this scale (~1:95000) without affecting the appearance of the model (~85%).

Since we want to integrate the topography in a multi-resolution CM, the DEM must be subdivided into tiles
before it can be processed with the AdTIN-filter.  Each tile is then filtered with three different values of SD.
The obtained hierarchy of TIN can then be imported into the multi-resolution CM and be used to produce the
3D-map.  The combination of raster structure (tiles) and vector structure (TIN) has some desirable properties:
first at all the tile structure allows a simple application of the level-of-detail technique, reduces the access time
to the data and simplifies the clipping process by the visualisation.  Secondly the TIN-structure allows a sub-
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stantial reduction of the data volume
necessary to describe the surface.
Since each tile is filtered independ-
ently from each other, a continuos
surface description can not be en-
sured.  Small gaps can appear be-
tween adjacent tiles, especially
when represented with different
LoD.  A simple method to ensure
this continuity is to define a transi-
tion zone between the tiles (see Fig-
ure 2).  Outside this zone, the sur-
face of each tile can be processed
with the AdTI-filter.  Within this
zone, the surface is progressively forced to the previously extracted boundary of the tile.  Since adjacent tiles
are forced to the same boundary, independent of the LoD, the continuity of the surface along the adjacent tiles
is ensured.  The boundary can be eventually filtered with a line simplification algorithm, in order to reduce its
complexity.

The complete workflow showing the main aspects of the AdTIN-filter is shown in the Figure 3.

Figure 3. Workflow of the AdTIN-filter

The AdTIN-filter can be very time expensive when dealing with a huge data volume. For this reason, special
technical measures must be taken in order to achieve a reasonable computation time:

1. Computation of the Delaunay triangulation. To reduce the complexity of the triangulation, only a two-
dimensional Delaunay triangulation is used. Therefore, the Delaunay property is valid only for the 1st projec-
tion of the TIN (projection onto the horizontal plane). This simplification is possible because the used DEM
has a 2.5D structure.

Figure 2. Transition zone between two tiles forcing the continuity of
the surface description
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2. Refinement of the TIN. The AdTIN-filter adds sequentially to the TIN all of the relevant points found in the
original data set of the DEM. The insertion of a new point does not affect the topology of the whole network.
Only a restricted set of triangles must be recalculated. In order to speed up the detection and updating
process of this set of triangles, the topology of the TIN is stored using a relational data structure (Figure 5).

Figure 4. Region extracted from the DEM of Switzerland (708000/115000-715000/120000) and processed
with the AdTIN-filter with different values for the size of the smallest detail used to describe the surface (SD).
DEM data: DEM25 ©Federal Office of Topography, Wabern.

3. Selection of relevant points. To measure the gain of quality of the surface representation caused by the
addition of a new point of the TIN, the distance between the surface and the new point is computed. This
distance represents approximately the size of the new detail emerging after the addition of the new point into
the surface description. If this distance is bigger than a given value (SD) the point is relevant and must be
used to describe the surface. This operation can be very time expensive, because each point must be orthogonal
projected onto the surface in order to compute its distance from it. However, this operation can be simplified
if we can estimate on which triangle of the TIN the point will be projected. In this case, the distance can be
simply computed as the distance between the point and the plane defined from the triangle. A method to
approximately get this information is to consider only the 1st projection of the TIN (projection onto the
horizontal plane). If a point will be projected onto a triangle in the space, there is a high probability that in the
1st projection the point will lie within the triangle.
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4. Access to the TIN. The interpolation of height values for points within the TIN requires a fast access to every
triangle of the TIN. To speed up this operation, the jump-and-walk strategy was used: rather than traverse all
the elements of the TIN until the triangle containing the query point is found, the TIN is traversed in a
straight line (from an access point to the query point) reducing the computation time. This strategy is only
possible if the full topology of the TIN is known (2).

Figure 5. Relational data structure used to store the topology of the TIN

Modelling of the 3D-Element

In this section, a description on how we intend to model and integrate the 3D-Element into the cartographic
model is presented. The integration of the 3D-Elements into the CM needs two steps:

1.  Symbolisation in space. This is one of the main research point of this project: how cartographic two-dimen-
sional symbols must be represented in space. For two-dimensional symbolisation, a lot of rules were defined
in the past. On the case of three-dimensional symbolisation however, no theoretic works were so far devel-
oped. This process must still be performed manually and requires good cartographic knowledge. We will try
to define rules describing this process in order to facilitate and possibly to automate it.[Haeberling, 99].

2.  Symbol generalisation in space. The three-
dimensional symbols (3D map-elements)
must be generalised in order to allow a cor-
rect representation in the multi-resolution
CM. A (partial) automation of this process
is planned. The idea is to generalise the 3D
Map-Element eliminating those details, that
can not be perceived from the human per-
ception system. So we should analyse how
an element will be projected onto the map in
consideration of the parameter scale, shape,
elevation angle, illumination (see Figure 6)
[Suter, 97].

Figure 6. Parameters that can affect the perception of an
object in the space
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A library containing the definition of all the 3D
Map-Elements for the National Map 1:25’000 of
Switzerland is in development. The 3D-Element
can be defined using a common CAD and then im-
ported into the library (DXF-format). This allows
the user to draw and use its own personal library.
The content of the National Map 1:25’000 of Swit-
zerland, in vector format, is extracted from the
VECTOR25 (©Federal Office of Topography) data
set. Since this data set is two-dimensional, it must
be transformed into a three-dimensional vector data
using the DEM.

Figure 7 shows an example of a CM constructed
from the VECTOR25 data set of the region Biel.
In this example, only the buildings and the woods
have been modelled. The CM was exported in
VRLM format and visualised with Cosmo Player
(an high-performance, cross-platform VRML 2.0
client designed for viewing virtual worlds).

The visualisation system for the three-dimensional Cartographic Model (CM)

For the visualisation of the CM an appro-
priate visualisation system (VS) is under
development (a prototype is already avail-
able). The VS must produce the map as a
(perspective) projection of the CM onto a
plane (see Figure 8). The VS must have
the following properties:

1.  Support multi-resolution representa-
tion. The VS must be able to automati-
cally visualise the content of each tile
composing the CM, using the suitable
level of detail. The selection of the level
of detail for each tile is made by its av-
erage scale in the 3D-Map, which de-
pends on its distance from the viewer.

2. Support multi-viewport representation. For three-dimensional application it is indispensable to have the
possibility to view the same object from different points of view. This allows the user the always have a
general survey of the CM.

3.  Real-time visualisation (fly-in). This functionality allows the user to interactively select the best view posi-
tion without losing the general survey of the entire CM. An optimal view position is very important for a
correct perception of the information contained in a three-dimensional model [Sieber, 96].

4. High rendering quality. The rendering (production of 2D-images from a 3D-model) of three-dimensional
models is not a simple process and can only achieved only using elaborated and time expensive algorithms.

Figure 8. Principle of the multi-resolution visual system

Figure 7. 3D-map produced from the CM of the region
Biel (Switzerland). Only one level of detail was
used. DEM data: DEM25 ©Federal Office of
Topography, Wabern. Map data: VECTOR25
©Federal Office of Topography)
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5. Interactivity. A visualisation system for cartographic applications must be an interactive system in order to
permit the users to make queries and fetch additional information about the elements encountered during
their virtual travel through the CM.

6. Import and overlay of external data. In some case, it can be very helpful for the comprehension of a (three-
dimensional) map to overlay additional data (constructive lines, guide-lines, text, etc.).

At the moment, the prototype version of our visualisation system can visualise only the topography of the CM.
It allows us to define a shading model (flat or Gouraud, material reflection properties), an illumination model
(ambient and diffuse light) and a camera model (position, format, focal length, resolution). It supports multi-
resolution representation. With this VS a real-time navigation through the CM is possible, even with common
PCs (no special hardware is required).

A sequence of two images of real-time animation computed with our VS is shown in Figure 9. The used DEM
was pre-processed with the AdTIN-filter using three levels of detail (SD=25-40-100 m). In the right image the
change of level-of-detail, caused by a forward motion, is visible.

Figure 9. Sequence of two images (flat shading) of an animation generated with the VS. The change of the level of
detail caused by a forward motion of the camera is visible. DEM data: DEM25 © Federal Office of
Topography.
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