MULTISCALE SEGMENTATION

ABSTRACT

Region-based approaches are suit-
able for the analysis of high-resol-
ution remotely sensed data. In this
context, special emphasis has to be
laid on the segmentation of multi-
sensoral and multi-scale input data
with respect to the geometrical and
semantical robustness of the achiev-
ed results, but also on the grade of
automatization and transparency of
the algorithms.
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Potential and problems
of multi-scale segmentation
methods Iin remote sensing

ZUSAMMENFASSUNG

Potenzial und Probleme multi-
skaliger Segmentierungs-
methoden in der Fernerkun-
dung.

Regionen-basierte Anséatze haben
sich fir die Auswertung hochauf-
I6sender Fernerkundungsdaten als
brauchbar erwiesen. In diesem Zu-
sammenhang muss besonderer
Wert auf die Segmentierung der
multi-sensoralen und multi-skaligen
Eingabedaten gelegt werden, so-
wohl im Hinblick auf die geometri-
sche und semantische Robustheit
der Ergebnisse, als auch auf den
Grad der Automatisierung bzw. der
Transparenz der Algorithmen.

1 Motivation

Remote sensing data are an important
source for generating or updating GIS
databases in a variety of applications.
However, in the past several appli-
cations have been limited by the
relatively coarse spatial resolution of
the available data sources (e.g., for
urban land cover classification). With
the development and the employment
of several advanced air-borne and
space-borne high-resolution sensors
the importance of remote sensing
data has been even more increased
because the existing limitations con-
cerning geometrical accuracy and in-
herent information content have been
alleviated.

The automatical classification of re-
motely sensed data is an essential ac-
tion within the process of generating
or updating GIS databases. Unfor-
tunately, the high spatial resolution of
the advanced sensors increases the
spectral within-field variability and
therefore may decrease the classifi-
cation accuracy of traditional
methods on per-pixel basis (like the
Maximume-Likelihood method). After
briefly discussing other alternative
solutions, chapter 2 will describe and
prove the need for a region-based ap-
proach that performs a segmentation
of the imagery prior to the classifi-
cation stage.

While the classification procedures
are based on well-known standard al-
gorithms, the general goal of our in-
vestigations will be to demonstrate the
potential as well as the problems of
segmentation methods from a theor-
etical and from a practical point of
view. Firstly, a critical overview of
existing implementations for the pur-
pose of evaluating remotely sensed
data will be given (chapter 3). Sec-
ondly, the results of our empirical
studies which are aiming at an im-
provement of the segmentation pro-
cess by introducing multi-sensoral
and multi-scale data will be presented

GIS 6/01



Robustness, automization and transparency of algorithms

Fig. 1: More homogeneous and realistic segmentation for landuse classification
purpose based on region-based method (right) compared to traditional Maximum-
Likelihood method (left) (subset of 80 x 60 m?)

(chapter 4). Here, not only the geo-
metrical and semantical robustness
but also the grade of automatization
and transparency of the used algo-
rithms are discussed. Based on these
experiences we will derive further re-
search and development tasks
(chapter 5).

2 Need for region-based
analyses

With the development and employ-
ment of sensors with improved spatial
resolutions the problem of mixed pi-
xels is indeed reduced, but the inter-
nal variability and the noise within
landuse classes are increased. As a
consequence, traditional classifi-
cation approaches like the Maximum-
Likelihood method are producing too
many or not well defined classes, be-
cause their clusters are built upon
spectral homogeneities only. This
general effect which is well known in
literature (e.g., Cushnie 1987) is illus-
trated in figure 1 (left).

As an alternative, per-field or per-par-
cel classification methods have been
introduced. While investigations using
data of medium resolution show some
improvements concerning accuracy
and interpretability (e.g., Aplin et.al.
1999, for a pixel size of 4 m), they have
not delivered reasonable results for
data of very high resolutions (e.g.,
Hoffmann et.al. 2000a, for a pixel size
of 0.15 m).

The unsatisfying results of traditional
and alternative approaches have al-
ready led to the employment of re-
gion-based approaches which con-
sist of a segmentation of the input data
prior the classification stage. Figure 2
depicts the overall work flow which will
be applied in our following investi-
gations. While traditional multi-spec-
tral algorithms only consider spectral
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similarities independently from their
occurrence, the segmentation ap-
proach follows the hypothesis that
neighbouring image elements belong
to the same class. This hypothesis is
verified or falsified on the basis of ho-
mogeneity or heterogeneity par-
ameters. An in-depth overview is
given by Haralick and Shapiro (1985)
and Jahne (1997). If the segmentation
is performed at multiple scale levels,
optimal spatial resolutions for the dif-
ferent sizes, forms and arrangements
of the objects under investigation can
be considered. As aresult one obtains
connected regions (segments) — with-
out semantical meaning so far —which
in general are more homogeneous
compared to results of traditional ap-
proaches (figure 1, right).

The assignment of semantics to the
segments has to be performed in the
following classification stage through
additional knowledge, for instance
through an a-priori definition of an ob-
ject catalogue which is adjusted to the
current purpose. From our point of
view, a fuzzy logic approach allowing
for partial memberships is a reason-
able classification technique due to
the limited resolutions and accuracies
as well as the potentially contradictory
information coming from different data
sources. Thus, an interpretation key
using combinations of information —
like normalized Digital Surface Model
(nDSM), spectral texture, area size or
neighbouring classes - has to be
translated into rules and correspond-
ing membership functions.

3 Segmentation algorithms for
remote sensing data

While the classification procedures
are still based on well-known standard
algorithms, our following consider-
ations and examinations will concen-

trate on the segmentation part. Here,

numerous methods have already

been developed for various appli-

cations, including medicines (e.g.,

Handels 2000), telecommunication

engineering (e.g., Wesfreid and Wick-

erhauser 1999) or the analysis of dy-
namic scenes in neuro-informatics

(e.g., Handmann et.al. 1998). Con-

sequently, the available software

products are originating from these or
similar disciplines, such as NIH Image

(U.S. National Institute for Health),

ARIES (University of Washington,

Dept. of Electrical Engineering), or

DIAS (University of Jena, Dept. of

Digital Image Processing).

Several reasons lead to the fact that

existing methods and implemen-

tations from these disciplines can not
be transferred to remote sensing, in
particular:

® Remote sensing sensors are pro-
ducing multi-spectral, sometimes
also multi-scale input data, so that
in contrast to the most often used
panchromatic and monoscopic
image data in the disciplines men-
tioned above not only the complex-
ity but also the redundancy in-
creases.

e Manifold additional data (e.g., GIS
or elevation data) are available.

e |n contrast to other applications
various objects of heterogeneous
properties with respect to size,
form, spectral behaviour, etc. have
to be considered.

e General multi-scale evaluation
tools have not been developed.
Tools exist only for some limited
areas, for instance for the extrac-
tion of roads from aerial imagery
(Ebner et.al. 1998) or for the detec-
tion of urban structures from space
scanner data (Faber and Forstner
1999).

® |n contrast to other applications a
model-based interpretation s
much more difficult due to the het-
erogeneity of the inherent object
classes;

® |In general sub-optimal solutions
have not to be considered for re-
mote sensing applications be-
cause there is no need for real-time
or dynamic evaluations.

Hence, segmentation algorithms

have been introduced relatively late

for the analysis of remotely sensed
data (e.g., Ryherd and Woodcock

1996). As a consequence, the first

commercial software packages were

introduced not before the year 2000.
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While special solutions are existing
(like the Stand Delineation Tool of the
Finnish company Arboreal for forest
inventory purposes; Arboreal 2001),
the software system eCognition (Defi-
niens 2001) which will be used and
discussed in the following aims at a
more general use.

The underlying algorithm of eCogni-
tion joins such neighbouring regions
that show a degree of fitting - com-
puted with respect to their spectral
variance and/or their shape proper-
ties — which is smaller than a pre-de-
fined threshold (the so-called scale
parameter). Eventually the choice of
this parameter determines the
number and size of resulting seg-
ments. Applying various scale par-
ameters as well as different weights to
the multi-sensoral data a multi-scale,
hierarchical scene representation can
be obtained. Finally, the classification
of the extracted segments is perform-
ed using a fuzzy logic approach.
Baatz and Schape (2000) describe
the algorithms in detail.

4 Investigations concerning seg-
mentation

4.1 Objectives

The general objective of our investi-
gations is an improvement and oper-
ationalization of the segmentation part
of the region-based analysis applied
to remotely sensed data. While the ap-
proach can also be applied to other
applications like for the normalization
of Digital Surface Models (Schiewe
2001) we will concentrate on the land
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Fig. 2: General
workflow of region-
based multi-senso-
ral analysis

use/land cover classification. By
using two test sites with different land-
scape characteristics (urban and
rural, resp.) the emphasis will be laid
on the robustness of achieved results:
We look for a proper selection of input
data sources and homogeneity crite-
ria to meet accuracy and reliability
measures in terms of
e geometry, i.e. the accurate posi-
tions of segment outlines, and
® semantics, i.e. the membership of
one and only one class (which will
be explicitly determined later on) to
a segment.
Also the grade of automatization is a
key issue because the acceptance of
such analysis methods strongly corre-
lates to the ability of avoiding manual
tasks without loosing quality. Finally it
has to be examined whether the trans-
parency and control of the segmen-
tation software is sufficient for an oper-
ational and flexible use.

4.2 Segmentation of urban test
site

The data set ,Stuttgart“ covers a part
of the old city showing rather low ter-
rain undulations as well as various
buildings of different sizes. It consists
of elevation, image and cadastral
data which have not been generated
simultaneously. The Digital Surface
Model (DSM) has been captured with
the TopoSys-Sensor (TopoSys 2001).
The original measurements with an
estimated vertical accuracy of about
15 cm have been transformed into a
regular 1-m-grid after eliminating
blunders and data gaps in a pre-pro-

cessing step. Based on this a normal-
ized DSM (nDSM) has been derived.
Because only last pulse beam data
have been recorded, heights of trees
are not modelled. Additionally, a digi-
tal orthoimage (pan-chromatic, hori-
zontal grid width of 25 cm) and vector
data containing cadastral information
(from the digital German Real Estate
Map, ALK) are available.

In order to follow the model-based
idea as outlined in figure 2, the first
processing step is the definition of an
object catalogue containing all visible
objects within the image subset - in
this case: buildings, statues, roads,
paths, trees, lawn, lakes. Aiming at an
unigue semantical representation
within segments, it is obvious that
these topographical objects are char-
acterized best at different scales
(e.g., lakes at coarser scales than
trees) and through different in-
formation (e.g., buildings are separ-
ated best from other objects using
their heights). As already pointed out,
the hierarchical approach of eCogni-
tion is able to generate segments at
different scales from coarse to fine
with varying information input to the
corresponding level. Although the
segment outlines of coarser levels are
inherited to the next scale stage, it is
meaningful to keep these in mind in
order to consider the most compact
and less splitted representation.
Figure 3 demonstrates the result of
this process emphasizing the object
classes that are characterized best at
the corresponding scale levels. For
the first two coarse levels we use elev-
ation information in order to extract
buildings and statues. In the following
only spectral information is consider-
ed in order to distinguish between
other classes in the remaining re-
gions. For our application neither a
combined evaluation of elevation and
image data, nor a change of weights
between elevation information and
shape parameters yield any signifi-
cant changes in the representation of
the segments. In summary, a satisfy-
ing quality with respect to the desired
semantical robustness (i.e, the mem-
bership of one and only one class to
one segment) can be stated. Prob-
lems arise - like in other (automatical)
methods - with shadow regions and
the distinction between roads and
their surrounding areas.

Concerning the geometrical accuracy
of segment outlines we have also ob-
tained satisfying results which are
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level 2: single trees

mainly limited by the data quality
itself. Figure 4 — showing the overlay of
segmented buildings onto the cadas-
tral data — reflects typical values of a
mean horizontal deviation of about 1
m (which corresponds to the pixel
size) with maximum values of about
2.5 m. Again, it has to be pointed out
that in this case the limited (horizon-
tal') accuracies of the laserscanning
and the reference cadastral data are
mainly responsible for these shifts.

A critical point within the eCognition
software is the understanding of
~multi-scale* processing. In fact, the
software has no possibility to intro-
duce data sets of different spatial res-
olutions: All data sources have to rep-
resent exactly the same subset with
the same georeference and the same
pixel size. Hence, the data sets have
to be pre-processed, either by reduc-
ing them to a lower resolution — which
means a loss of inherent information -,
or by increasing to a finer resolution —
which introduces undesired res-
ampling effects. In both cases differ-
ent segment outlines are produced
than in the original resolution data.

In contrast, ,multi-scale” processing
in terms of the eCognition software
means that the number and size of
extracted segments can be quali-
tatively controlled through the so-
called scale parameter (the larger the
value the larger the segments). Our in-
vestigations revealed that there is an
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level 1: roads

approximately linear relationship be-
tween the scale parameter and the
number of segments if only one data
source is considered. On the other
hand, a prediction of absolute
numbers for various sources is im-
possible. Also a comparison of a-prio-
ri spatially aggregated data and differ-
ent scale parameters applied to one
data set shows similar but on no ac-
count identical outlines (Schiewe &
Tufte 2000). In conclusion, the seg-
mentation is still an iterative and man-
ual approach.

4.3 Segmentation of rural test
site

The following data are based on a
flight mission along a reach of the
Main-Danube Canal commissioned
by the German Federal Institute of Hy-
drology (BfG), Koblenz. This mission
had the purpose to test the applicabil-
ity of data of the High Resolution
Stereo Camera - Airborne (HRSC-A;
Hoffmann et al. 2000b; Wewel et al.
1998) for the classification of biotope
types on reaches of Federal water-
ways characterized by strong relief
features. The spatial resolutions
amount to 30 cm in the case of the
multi-spectral channels (fig. 5) and
200 cm in the case of the Digital Sur-
face Model (DSM) which has bee de-
rived by automatical matching (esti-
mated accuracies 20 to 30 cm in
planimetry, 50 cm in height). The DSM

Fig. 3: Results of hierarchical and
multi-scale segmentation for test site
LStuttgart” (subset: 370 x 330 m?)
with indications of object types which
are characterized best on each level

is resampled to 30 cm in order to use it
in combination with the multispectral
data set in the segmentation process.
It is not possible to derive a reason-
able normalized DSM because a Digi-
tal Terrain Model (DTM) is not avail-
able for the study site and an approxi-
mate normalization using appropriate
methods yields unsatisfying results
due to the sparse resolution and the li-
mited reliability of the used elevation
data (Schiewe 2001). A land use vec-
tor data set is available based on a
visual interpretation of the HRSC-A
data.

Aim of our study is the classification of
the land use/land cover in this rural
test site. The first step is the definition
of a specific object catalogue. Due to
the fact that there is no ground truth in-
formation available for the site the ob-
ject catalogue is based on the visual
interpretation of the data. The follow-
ing objects define the object cata-
logue: channel, cultivated field, bare
field, forest, smaller groups of trees,
shrubbery and roads. The objects ex-
hibit a large range of different scales
ranging from small shrubs to large
cultivated fields. Using the hierarchi-
cal approach of eCognition the seg-
mentation is performed at different
scale levels.

Due to the strictly sequential hier-
archical approach problems with the
inheritance of outlines of the scale
level above can occur: Different input
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Fig. 4: Overlay of segmented building
(Stuttgart Castle, subset: 200 x 250 m?;
blue) onto cadastral data (red) showing
the satifying geometrical accuracy of
the approach

sources may produce different seg-
ment outlines for the same object. Due
to the heterogeneity of objects it is
necessary to apply all input sources in
acertain sequence in order to achieve
good segmentation results for all ob-
jects. Here it can happen that seg-
ment outlines are inherited that do not
fit to the objects that could be modell-
ed best in the current level, so that
either sliver polygons are generated,
or even - if the statistical significance
is not given any longer — no change at
all occurs (figure 6). In case of sliver
polygons the sample set could be-
come rather small so that the following
classification could lead to unreliable
results.

One solution to this problem is a man-
ual post-processing. Here, eCogni-
tion supports interfaces for a user-de-
fined and knowledge-based merge of
neighbouring (sliver) segments. Be-
cause this is a rather labour-intensive
approach and does not guarantee a
perfect solution (in regions where no
sliver polygons have been created), it
should be possible to extract seg-
ments at any desired scale in a paral-
lel manner and to fuse the (weighted)
information not before the feature
level. With this, the full potential of the
input data could be utilized.

The best segmentation results are
achieved with different spectral com-
binations and weighting factors for the
different bands with respect to the ob-
ject classes. Figure 7 gives an
example. The segmentation result
shows clearly that it is not possible to
detect the field with the only use of the
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panchromatic band (figure 7, left),
whereas the use of the red and near
infrared band produces a good sem-
antical separation (figure 7, right).
Here, the use of the DSM in the seg-
mentation process shows no improve-
ment which is due to the coarser resol-
ution of the data and the lack of a nor-
malized DSM.

4.4 Summary of results

With respect to the criteria mentioned
above (robustness, grade of automat-
ization and transparency) our empiri-
cal study on segmenting data of differ-
ent test sites has revealed some
promising but also several critical
points for the general procedure as
well as for the eCognition software in
particular.

Concerning the robustness the gen-
eral approach actually produces a
significant progress compared to
traditional methods: It is possible to
extract homogeneous regions with
unigue semantical meanings and suf-
ficient geometrical accuracy. It has to
be pointed out that the term ,multi-
scale” processing used by the eCog-
nition software is quite different from a
conventional understanding: In fact, it
is not possible to introduce original
data of different spatial resolutions
which leads to a considerable loss of
information. Furthermore, the strictly
sequential, hierarchical approach
conflicts with the analysis of various
multi-sensoral data combinations.

Hence, it should be possible to extract
segments at any desired scale and to
fuse the information not before the
feature level to make use of the full po-
tential of the data sets.

With respect to the degree of automat-
ization it has to be pointed out that im-

portant steps of the region-based
method definitively imply time-con-
suming, manual interactions. Firstly,
during the segmentation process the
choice of scale parameters as well as
the setting of weights for the input
data sources have to be done by the
user. Secondly, in contrast to human
analysis the segmentation and the
classification steps are strictly separ-
ated. Nevertheless, the segmentation
has to produce a reasonable basis, so
that the evaluation of the extracted re-
gions implies a visual inspection.
Thirdly, also the following fuzzification
within the classification process is a
costly process which is not auto-
mated.

Considering the transparency of the
software in use it has to be stated that
with increasing complexity the control
and understanding significantly de-
crease. For instance, the effects of the
abstract scale parameter settings can
be hardly predicted. Here, the aim to
combine various parameters to one
number makes the initial use easier,
but the actual, iterative process more
difficult.

5 Conclusions

Traditional  multi-spectral  classifi-
cation methods on pixel basis are no
longer suited for the evaluation of
high-resolution, multi-sensoral data
from remote sensing. Region-based
approaches consisting of a segmen-
tation and a classification step have
already proven to be a satisfying alter-
native solution.

Our empirical studies using multi-
spectral imagery and elevation data
have revealed some promising but
also several critical points for the gen-

| IR, green, blue;
subset of 1100 x
900 m?)
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eral procedure as well as for the ap-
plied eCognition software package in
particular. The region-based ap-
proach, generating segments at vari-
ous scales which are structured in a
hierarchical manner, principally yields
satisfying results with respect to the
desired geometrical accuracy of out-
lines as well as to the unique class
membership to one single region.

On the other hand, it can be observed
that with increasing availability of
multi-sensoral data a strictly sequen-
tial, hierarchical approach can lead to
undesired sliver polygons or even
missing segments. Also an introduc-
tion of actual multi-scale data is not
possible. Hence, a segmentation
should also allow a parallel segment
generation and an information fusion
after the feature level.

Like other traditional approaches the
presented region-based method still
incorporates a couple of time-con-
suming manual and visual inter-
actions. In this context, from our point
of view more efforts should be placed
on an integration of model-based pro-
cedures even prior to the segmen-
tation step to define such attributes
and relations that produce character-
istic homogeneities within one class
and heterogeneities to neighbouring
classes at specific scales.

Finally, it can be stated that the pres-
ented methods and implementations
are representing an important prog-
ress because it is obvious that a multi-
sensoral analysis is needed to realize
the full potential of remotely sensed
data. This trend will even be
strengthened by the sensors that will
simultaneously acquire different data
types (like electro-optical imagery
and laserscanning data) which are
announced for the near future.
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