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ABSTRACT:
This paper shows several working steps for updating the \Digitale Landschaftsmodell 200 (DLM200)\ using satellite
images. It is based on a two-step approach: veri�cation and classi�cation. First the existing semantic model (DLM200)
is used for the knowlegde based object oriented analysis of the satellite images. At the second stage the information
gained from the �rst step serves to prove and update the DLM200.
Since the DLM200 is produced by digitizing the map layers of the \Topographische �Ubersichtskarte (T�UK200)\, typical
cartographic aspects (e.g. generalisation, displacement) have to be considered. Some examples illustrating these e�ects
on a representative class (e.g. forest) of the DLM200 will be shown. After the determination of these geometric relations
between the DLM200 and the images (i.e. a recti�cation of the satellite images) the \knowlegde\, based on the DLM200,
will back up the object based analysis of the satellite images. Image areas which do not �t the DLM200 will be examined
at the second stage.
The classi�cation - a minor topic in this presentation - has to assign the changes detected in the course of the veri�-
cation to appropriate classes of the DLM200. This process will use the parameters of the image analysis as additional
information.

KURZFASSUNG:
Der vorliegende Beitrag behandelt einzelne Arbeitsschritte auf dem Weg zur Fortf�uhrung des DLM200 unter Verwen-
dung von Satellitenbildern. Das Verfahren beruht auf einem zweistu�gen Ansatz: Veri�kation und Klassi�zierung. Das
vorhandene semantische Modell (DLM200) unterst�utzt zuerst die wissenbasierte objektbezogene Klassi�zierung der Sa-

tellitenbilder. Die aus der Klassi�zierung gewonnenen Ergebnisse werden dann zu �Uberpr�ufung und ggf. Fortf�uhrung des
DLM200 genutzt.
Da das DLM200 aus praktischen Gr�unden durch Digitalsieren der Topographischen �Ubersichtskarte (T�UK200) erstellt
wird, m�ussen typische kartographische Gesichtspunkte (z.B. Generalisierung, Verdr�angung) ber�ucksichtigt werden. An-
hand von Beispielen einer repr�asentativen Klasse des DLM 200 (hier: Wald) werden diese E�ekte verdeutlicht. Sind nun
die geometrischen Beziehungen zwischen DLM200 und Satellitenbild bekannt (Entzerrung des Satellitenbildes), kann das
DLM200 als zus�atzliche Informationsquelle f�ur eine objektorientierte Analyses des Satellitenbildes herangezogen werden.
Bildobjekte, die nicht mit dem DLM200 �ubereinstimmen, werden in einem zweiten Schritt untersucht.
In einemKlassi�zierungsproze� werden nun die in der Veri�kationsphase festgestellten Ver�anderungen den entsprechenden
Klassen des DLM200 zugewiesen. Dieser Proze� kann die Parameter der Bildanalyse als zus�atzliche Informationsquelle
nutzen.

1 Introduction

The project presented in this paper is part of a Ger-
man research activity called semantic modelling whe-
re di�erent photogrammetric and surveying institutions
are involved. The aim of the IPF (Institut for Photo-
grammetry and Remote Sensing, University of Karls-
ruhe) is to investigate the reciprocal e�ects and inter-
actions of satellite image analysis and the topographic
information system ATKIS (Amtliches Topographisch-
Kartographisches Informationssystem) of the German
surveying administration, which is built up currently. Its
topographic part consists of 3 data layers with di�erent
abstraction levels of information with regard to the corre-
sponding scales: DLM 25 (Digitales Landschafts-Modell
1 : 25 000), DLM 200 (1 : 200 000) and DLM 1000
(1 : 1 000 000). In a �rst step the DLM information will be
built up by digitizing analog maps, so the DLM objects
contain all cartographical in
uences like generalisation
and local or regional displacements.

The �rst topic of our investigations is an improvement of
satellite image analysis by using additional non-spectral
information of the DLM 200. On the base of a improved
image analysis the possibilities of updating the contents
of DLM 200 will be the second topic (�g. ??).

Therefore only those objects can be taken into account,
which can be extracted from image information, i.e.
mainly those with an areal characteristic (e.g. water, fo-
rest, settlements, agricultural structures etc.).

2 Conception of an extended satellite image analysis

As additional non-spectral information for an improved
image analysis the contents of DLM 200 will be used.
In the DLM 200 data base the main permanent object-
classes, which can be represented in a scale of 1 : 200 000,
are stored digitally. In this case the image information
of commonly available satellite systems such as Land-
sat/TM, SPOT or ERS-1 contains normally more de-
tails in information than maps in such scale, so remo-
tely sensed data are on principle suitable for updating a
DLM 200. But this image information is not abstracted
or generalized like a map would be, so we often have to
expect a mixture of more than one object inside one pixel.
Another general problem in usual satellite image analysis
is the pixel-oriented classi�cation (e.g. like Maximum Li-
kelihood Classi�cation or Cluster Analysis), which takes
only the spectral characteristic of only a single pixel into
consideration to classify its semantic meaning. The ex-
periences in the last years have shown, that the results



which can be achieved with this methods, are not in every
case satisfying, especially for speci�c tasks like environ-
mental monitoring or updating landuse databases.

Figure 1: Interaction between image analysis and topo-
graphic database (DLM 200)

Therefore in the approach described in this paper an ex-
tended pixel-oriented classi�cation will be only a small
part of a more general object-oriented classi�cation. The
result of this image analysis should be a higher/optimal
di�erencing between the relevant 're
ection classes'. Af-
terwards a knowledge-based sophisticated decission pro-
cess will be used for updating DLM 200 information. So
the whole procedure of image analysis is devided into 3
main steps:

1. local, error-tolerant matching process of image- and
DLM 200-data

2. veri�cation process using DLM 200 information

3. object-oriented classi�cation process

The matching process in this case can not be carried
out as usual, i.e. one general transformation for the who-
le scene. Because of the (necessary) local, unsystematic
displacements in maps { especially in those of a small
scales { a local object matching procedure has to be de-
veloped. Additionally this procedure must have an error-
tolerant characteristic with regard to the (above men-
tioned) generalisation of the object contour lines in the
database.

After matching the relevant objects a veri�cation process
can be started based on the a priori knowledge given by
the DLM 200 about the semantic meaning of these ob-
jects. Therefore several descriptions for areas of the same
class/meaning can be created, which are not only based
on spectral features (e.g. mean value, variance, texture
etc.) but also on structural, geometrical and other attri-
butes (neighborhood relations, dimensions, form, topo-
graphy etc.)

These descriptions can now be used in a object-oriented
classi�cation process to determine the classes which are

pre-de�ned by the DLM 200. Other classes { like di�e-
rent agricultural areas { have to be related to a seman-
tic meaning by a general knowledge-based analysis (e.g.
semantic network, expert system), where all available a
priori information has to be used.

3 Matching process

In order to use the DLM200 as additional information for
classi�cation or respectively updating the DLM200 by
means of the classi�cation, it is necessary to determine
the geometric relations between the DLM200 and the
satellite images. Because of the generalisation caused by
the basis (T�UK200) of the DLM200 the usual methods of
recti�cation (e.g. polynoms) cannot be applied. Therefore
the method to be used has to be able to take care of the
local e�ects of the generalisation. This method should be
automated in practical operation due to the huge number
of ground control points necessary for that purpose. The
following procedure is planned for this reason:

� A
"
coarse\ recti�cation based on the parameters

of the satellite images (e.g. inclination, coordinates
of the center) will limit the area of interest for the
next steps.

� Searching signi�cant features in the DLM200 and
assigning of these objects to the correspondent ob-
jects of the satellite image, which have to be trans-
formed from raster format to vector format (feature
extraction). This leads to an improved global rec-
ti�cation of the satellite image (Haala, 1993).

� Local and robust matching of all relevant objects
of the DLM200.

First investigations of the size and the in
uence of the ge-
neralisation of the DLM200 have been done by examina-
tion of forest boundaries. For that purpose typical boun-
daries were digitized from maps of scale 1:25000, 1:50000,
1:100000 and 1:200000 and compared to each other and
to the boundaries extracted from satellite images. In the
sequel of the work these examinations will be extended
to further classes of the DLM200.

4 Veri�cation process

The aim of the veri�cation process is to �nd valid and
e�ective descriptions for the objects in satellite images
based on the a priori knowledge / semantic model of the
DLM 200. With this information we have a prediction
of the semantic meaning for every segment in the whole
image. Even if some areas in the images have changed
since the last update of the DLM 200 data (e.g. increa-
sing of settlement areas, clearing areas in forest etc.), it
can be supposed, that by far most information of this da-
tabase is true. Therefore several descriptions for areas of
the same class/meaning { out of a huge number of samp-
les { can be created. Beside of some well known spectral
features, which still are the main attributes, also structu-
ral, geometrical and other features are used to build up
descriptors, because in some cases re
ection classes and
semantic classes of DLM 200 are not identical. Here it
has to be taken into account, that in DLM 200 data only
the permanent landuse classes can be stored, not the pe-
riodic changing areas like for instance agricultural �eld,



therefore in that areas great di�erences will appear bet-
ween only one semantic class 'agriculture' in DLM 200
and many re
ection classes in the satellite image.

Those object descriptions can be de�ned:

� statistical parameters (e.g. mean value / variance
of re
ection values)

� texture parameters

� structure parameters

� size parameters

� form parameters

� topographical parameters (e.g. slope-, exposition-,
elevation-dependence)

etc.

For each class de�ned in DLM 200 a speci�c suitable
combination of the parameters listed above is used in
the veri�cation and classi�cation process, i.e. for homo-
geneous objects (e.g. water, agricultural �elds) another
combination will be necessary to describe the class than
for inhomogeneous objects (e.g. settlement areas, forest).

Because of the huge number of training areas the true
class will be found by majority. Especially for spectral
parameters, single outlayers, i.e. objects which have chan-
ged compared with the DLM semantic, will have only a
small e�ect on the descriptors or can be seperated sta-
tistically by dividing the real distribution into normal
distributions which represent sub-classes. Therefore valid
and robust descriptors can be extracted without distur-
bing in
uences. A similar procedure can be carried out
with the other non-spectral parameters.

By means of this descriptions an object-oriented clas-
si�cation is performed where an extended Maximum-
Likelihood classi�cation is only a small part of a more
general approach. As result all objects are detected which
have not changed and are equivalent to the DLM seman-
tic, and on the other hand those areas which are di�erent.
It can be expected, that most objects can be veri�ed and
excluded from the further process.

5 Classi�cation process

After veri�cation only the remaining areas have to be
submitted to a classi�cation process (�g. ??).

Because of the lack of prediction for this areas, in a �rst
step the same descriptions as in the veri�cation process
are used to try to relate this areas to another predi�ned
DLM classes. As result some objects can be classi�ed
(e.g. forest which is now a clearing area, agricultural �eld
which is now settlement area etc.).

The rest has to be submitted to a general image analysis
procedure by means of external knowledge base (segmen-
tation process, semantic network, context information,
relations between objects, achived data etc.). The result
again is a number of areas which can be assigned to one
of the semantic classes.

The further treatment of the last few areas which are still
unclassi�ed can either be the assignement to the most
probable class or the rejection of that area.

6 Conclusions

In this approach the pixel-oriented classi�cation is ex-
tended to a object-oriented procedure by means of ad-
ditional non-spectral information of a topographic data
base (DLM 200). Not only spectral parameters are used
to get an extended image analysis, but also structural,
geometrical and other features.

The presented approach is suited for all regions with
(future) digital Land Information Systems (LIS) / Geo-
Information Systems (GIS). Especially in Central Europe
and North America the administrations will establish lo-
cal and global data bases of this kind (e.g. ATKIS in
Germany).

But also this method of an extended image analysis can
be applied in many cases in developing countries by digi-
tizing analog maps, if only speci�c tasks have to be solved
and therefore only a few layers have to be created. Every
additional information leads to an improvement of this
object-oriented classi�cation process.



Figure 2: Procedure of an extended satellite image analysis
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