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Résumé

La tres haute résolution spatiale des images de la constellation Pléiades permet de détecter des objets géographiques de
petite taille (arbres isolés, batiments, etc). Cependant, la délimitation de régions spatiales complexes (foréts ouvertes ou
paysages urbains), est rendue plus difficile par le grand niveau de détail de I'image. En effet, les méthodes automatisées
de segmentation d’'image produisent souvent des résultats sur-segmentés a cause de I'hétérogénéité spectrale de ces
régions. Par ailleurs, la délimitation manuelle souffre souvent d’un biais li¢ au photo-interpréte, et méme d’'un manque de
cohérence lorsque la méme personne digitalise durant plus d’une heure. Dans cette étude, nous cherchons un nouveau
filtre adapté aux images de trés haute résolution spatiale afin d’améliorer la cohérence contextuelle de la segmentation
par ordinateur tout en préservant la précision géométrique lors de la délimitation de régions homogenes. Le filtre proposé
se base sur le principe de la morphologie mathématique, qui consiste a appliquer un ensemble de regles a une image
sur base d’une forme de référence. Deux filtres composites ont ensuite été créés afin de conserver I'emplacement des
limites : un filtre d’ouverture et un filire de fermeture. Le filtre d’ouverture étend les parcelles de végétation a l'intérieur
des régions spatiales hétérogenes. A l'inverse, le filtre de fermeture enléeve ces parcelles isolées. Les deux filtres ont été
testés sur une image Pléiades en Belgique, aux alentours de la ville de Leuven. Limage composite et 'image originale
ont été segmentées avec le logiciel e-Cognition en utilisant le méme jeu de parametres. Les résultats montrent que la
segmentation des images filtrées est spatialement plus cohérente que la segmentation basée sur I'image originale. La
sur-segmentation est en effet réduite dans les zones hétérogenes. Par ailleurs, la précision de la délimitation des zones
homogenes est améliorée significativement. Les objets issus de la segmentation de I'image filtrée sont donc plus aisément
utilisables pour le suivi de régions spatiales.

Mots clés : Pléiades, Délimitation automatique, morphologie mathématique

Abstract

The very high spatial resolution of Pleiades images allows for the detection of small spatial objects such as buildings or
isolated trees. However, the delineation of spatial regions, defined as associations between different spatial objects (such
as open canopy forests or urban areas), becomes more challenging with the high level of details. On one hand, automated
image segmentation algorithms often yield over-segmented polygons due to due to the high spectral heterogeneity of
those regions. On the other hand, manual delineation was shown to end up with a significant bias from the interpreter
and even a lack of consistency when the same person works more than one hour on the same task. In this study, we
aimed at implementing a new filter to increase the contextual consistency of automated segmentation while preserving
the geometric precision of the delineation of spectrally homogeneous spatial regions. A new mathematical morphology
approach is proposed, which consists in applying a set of rules to an image based on the presence of absence of vegetation
pixels within a structuring element. Two composite filters were then built based on the new filters. The opening filter removes
isolated vegetation patches inside heterogeneous spatial regions, while the closing filter fills the gaps between those
vegetation patches. The filters have been tested on a Pleiades images located in Belgium around the city of Leuven.
A composite image was then created with the NIR and Red filtered bands stacked with the original image bands. The
composite and the original bands were then segmented using e-Cognition software with the same parameters. The results
show that the segmentation of the filtered images is spatially more consistent than the segmentation based on the unfiltered
image. The over-segmentation is reduced in the heterogeneous areas, while the precision of the delineation is improved.
The objects derived from the filtered images are thus more appropriate for the monitoring of spatial regions.
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1. Introduction logists are making the direct remote sensing of certain
aspects of biodiversity increasingly feasible, especially
for large area characterizations of biodiversity in a syste-
matic, repeatable, and spatially exhaustive manner(Duro
et al., 2007). Landscapes and ecosystems are however
complex systems composed of a large number of hete-

Remote sensing image analysis represents an im-
portant tool for looking at ecosystem diversity and va-
rious structural aspects of individual ecosystems (Innes,
J.L. and Koch, B., 1998). Indeed, advances in the spatial
and spectral resolutions of sensors now available to eco-



rogeneous components (Hay et al., 2003). As a result
of this complexity, the description of biotopes will change
according to the scale of observation. The analysis of the
image content therefore needs to be based on an inter-
pretation key rigorously defined by the conceptual model
of the map.

Spatial region, as defined by Bian (2007), is a useful
model for ecological modelling. In many cases, spatial
regions indeed combine different elementary spatial ob-
jects which combine into biotopes. The thematic class of
these spatial regions can be unambiguously defined ba-
sed on standard classification system (Radoux and Bo-
gaert, 2014) such as the Land Cover Classification Sys-
tem (LCCS) of the FAO (Di Gregorio and Jansen, 2000;
Di Gregorio, 2005). Those classification systems describe
the land cover based on hierarchical top down decision
rules as well as the proportion of some elementary spa-
tial objects.

With submetric spatial resolution images, such as Plé-
iades, spatial regions need to be delineated in order to be
described and finally classified, because the pixels are
smaller than their various components. Those require-
ments are part of a paradigm shift in digitalimage proces-
sing : geographic object-based image analysis (Blaschke
et al., 2014), which is based on the results of image seg-
mentation or manual delineation of image-segments.

The automated delineation of spatial regions is hin-
dered by the high level of details in an image. Indeed,
most of the image segmentation algorithms are based on
the rationale that the spectral homogeneity within image-
segment is larger than between image regions. As a re-
sult, these algorithms tend to yield over-segmented re-
sults in case of heterogeneous landscape. Some advan-
ced segmentation algorithms (VanCoillie et al., 2008) the-
refore include textural information in addition (or in place
of) the spectral homogeneity criterion. Those are mainly
efficient with regular texture (e.g. closed coniferous fo-
rests) but still missing for composite spatial region where
the patterns are irregular.

The general objective of our project is to map na-
tural and semi-natural habitats into spatial regions. The
more specific aim of this study is to reduce the over-
segmentation of heterogeneous spatial regions while pre-
serving the high geospatial precision of Pléiades images.
A specific pre-processing filter has therefore been deve-
loped and in combination with a hierarchical segmenta-
tion process.

2. Data and study area

The proposed method has been tested on a study
area (figure 1) located around the city of Leuven, about
20 km East of Brussels (Belgium). This study area is
characterized with the presence of a variety of land co-
ver types, including built-up areas, grassland, cropland,
water, broadleaved forest and needle-leaved forest, in a
fragmented landscape. A large scale biological valuation
map is available for the validation of the segmentation
results. This map provided a very rich description of the

natural biotopes based on field inventories. The legend
was simplified in order to match the main land cover ca-
tegories discriminated by remote sensing.

The input data was collected on August 16th 2013
by the HR sensor on board of Pléiades 1A satellite. The
image was composed of Near-Infrared, Red, Green and
Blue bands at a native spatial resolution of 2.8 meters. It
was delivered as an ortho-rectified product resampled to
2 meters. The image needed to be translated based on a
ground control in order to correct a small shift due to the
use of SRTM for the orthorectification. The digit numbers
were then converted to top of atmosphere reflectances
using Orfeo Toolbox (Christophe and Inglada, 2009).
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FIGURE 1: NIR-Red-Green colour composite of the input
Pléiades image and location of the study area.

3. Method

The proposed method combines a hierarchical seg-
mentation process and a pre-filtering. The pre-filtering re-
duces the structural variability of the spatial regions for
subsequent segmentation. The hierarchical segmenta-
tion is used to consolidate the precision of the location
of the boundaries.

3.1. Filtering

The filtering of the image is based on mathematical
morphology. Mathematical morphology (MM) is a theory



and technique for the analysis and processing of geome-
trical structures which has many application to the field
of remote sensing (Soille and Pesaresi, 2002). It was ini-
tially designed for binary image analysis. The basic mor-
phological operators are erosion, dilation, opening and
closing. The core approach of binary morphology is to
probe an image with a pre-defined shape, called struc-
turing element, drawing conclusions on how this shape
fits or misses the shapes in the image. The erosion of A
by B can be understood as the locus of points reached
by the center of B when B moves inside A. On the op-
posite, the dilation of A by B can be viewed as the locus
of the points covered by B when the center of B moves
inside A. Opening and closing are obtained by applying
consecutively erosion then dilation (opening) or dilation
then erosion with the same structuring element. As a re-
sult, elements are connected or disconnected but the lo-
cation of the main edges is preserved. More details can
be found in Soille (2003).

MM has been further adapted to gray scale and mul-
tispectral images. In this study, a combination of features
has been added to the MM filter in order to address spa-
tial regions that are composed of spatial objects with and
without vegetation. First, the size of the structuring ele-
ment is not fixed in order to preserve boundaries bet-
ween different vegetation types. Second, the structuring
element is tested against the NDVI using a threshold to
discriminate vegetation and non vegetation.

The proposed MM filter uses an adaptive structuring
element (Debayle and Pinoli, 2006a), which has been
successfully used to improve the segmentation of grey
scale images based on the watershed algorithm (Debayle
and Pinoli, 2006b). The structural element of the propo-
sed MM filter is a disk in order to avoid preferential direc-
tions in the results. For each pixel of the image, the radius
of the disk will be incremented by a step of one pixel until
strictly more than one pixel have been identified as vege-
tation or the maximum radius is reached. The aim of the
incrementation is to preserve the detailed spectral infor-
mation in areas that are not heterogeneous according to
the vegetation criteria.

The selection of vegetation pixels is performed based
on a threshold on the NDVI. Furthermore, dark pixels are
ignored because they are likely to belong to shadows or
water, and shadows are the main sources of heteroge-
neity in closed-canopy forests. If the maximum radius is
reached without covering any vegetation pixels, the pixel
value of the central pixel is copied to the filtered image.
Otherwise, the spectral values of the pixel with the maxi-
mum NDVI value is considered. By copying all the spec-
tral signature of the pixel of maximum NDVI, the final
spectral signatures are consistent with those captured by
the sensor. This would not be the case if each spectral
band was processed independently.

For the erosion filter, the radius is incremented until
more than one pixel have been identified as non vege-
tated, and the spectral values of the pixel with the mi-
nimum NDVI value is used. Opening (and closing) are
obtained by successively applying erosion and dilation

(dilation and erosion) on the image with the same para-
meters.

The parameters have been selected according to a
preliminary analysis of the image. A maximum radius of
20 pixels has been selected based on the maximum dis-
tance between houses in the sparse urban areas. For
the opening, the minimum NDVI value of a sample of ve-
getation pixels was selected as a NDVI threshold, and
the maximum value of a sample of non vegetation pixels
was used for the closing. Those value equalled 0.2 and
0.5 respectively for closing and opening. The use of ex-
treme values helps to avoid the dilation of mixed pixels
and hence increase the contrast between vegetated and
non vegetated regions.

3.2. Segmentation

In this study, the multi-resolution segmentation algo-
rithm (Baatz and Schépe, 2000) was selected for the seg-
mentation of the images. It consists in a hierarchical seg-
mentation algorithm based on the region growing stra-
tegy. It is widely used in the literature and considered as
one of the best methods (NM2003), but it requires some
tuning based on several parameters. The image-objects
are iteratively merged with the neighbours that will result
in the smallest value of a post merging index. The itera-
tion stops when this index is larger than the predefined
scale parameter. The index has a spectral and a shape
component that are combined in a weighted sum accor-
ding to the shape parameter. The spectral component
is computed as a weighted sum of the variance of the
different spectral bands. The shape constraint is used
to avoid complex shapes by alleviating strong spectral
constraints. It is composed of a weighted sum of smooth-
ness and compactness indices, which minimize the irre-
gularities of the contour (smoothness) or the ratio bet-
ween the square of the perimeter and the area (com-
pactness).

The image-objects were created in two steps (figure
2) based on a stack of the original image with the images
resulting from both MM filters. Different sets of parame-
ters have been selected in order to account for the mul-
tiscale structure of the image. A first level of segmenta-
tion was used to identify spatial objects. This level used
a small scale parameter and gave the prevalence to the
spectral information of the original (non filtered) image
(scale = 30, shape = 0.1, compactness = 1). Because
of the small scale parameter and the use of the origi-
nal image, the first level is over-segmented, but it pre-
serves the boundaries. The second level takes advan-
tage of the hierarchical algorithm by merging the spatial
objects into spatial regions (scale = 200, shape = 0.3,
compactness = 1). The larger scale parameter and the
use of the filtered image information indeed reduces the
over-segmentation. At this step, the NIR and Red bands
of the opened and closed images dominate the spectral
information, and a larger shape parameter is used to fa-
vour the creation of compact image-segments. Because
of the use of the first level, the rounding artefacts at the
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FIGURE 2: Hierarchical segmentation used to avoid the roun-
ded corners resulting from the morphological filters. On top (A),
small objects create based on the original spectral bands. At the
bottom (B), final segmentation results obtained by merging small
object based on the filtered bands. The background images are
NIR-Red-Green composites.

corners of the spatial regions are avoided in the final re-
sult.

For the sake of comparison, the image was also seg-
mented with the same set of parameter, but without the
spectral bands resulting from the morphological filters.
In this second segmentation, the weight of each original
band is set to the sum of the weights of the correspon-
ding spectral bands used in the other segmentation, so
that each spectral band has the same contribution in both
cases.

3.3. Quality assessment

There is no standard method for the accuracy as-
sessment of delineation results, both because geogra-
phic object-based image analysis is a new paradigm and
because their are different objective behind image seg-
mentation. In this study, the aim is to achieve the deli-
neation of functionally consistent landscape units. Over-
and under-segmentation indices have therefore been se-
lected. They are measured with respect to the biological
valuation map using the generalization index proposed
by Carleer et al. (2005), which is the ratio between the
number of image-segments and the number of polygons
in the reference map.

In addition, the precision of the delineation along the
boundaries is measured using the mean and variance
of the distance between reference and the segmenta-
tion results (Radoux and Defourny, 2007). A total of 196
points were distributed based on random seeds on three
types of boundaries, namely crop/crop, crop/forest and
crop/urban. From those points, 20 have been discarded

because the map did not match the boundaries observed
on the image at these locations. The delineation quality
indices were therefore derived from the distance between
176 points and the closest boundaries of the same type
as those points in the reference dataset.

4. Results

The results of the MM filters helped to highlight two
types of spatial regions. On one side, the homogeneous
regions are little affected by the filter and have an un-
changed spectral signature. On the other side, the hete-
rogeneous regions appear either fully vegetated or fully
non vegetated on the filtered images. For instance, two
types of urban areas are highlighted by the closing of the
image : the city center that is completely impervious, and
the rest of the city that includes urban greens (figure 3).
In the forested areas, the opening also allows to identified
gaps with a larger contrast. The structural information of
the image is thus well highlighted.

At a smaller scale, the precision of the long edges is
well preserved by the two filters. Furthermore, the sha-
dows from trees are removed by the closing filter, which
is another useful feature for the subsequent delineation.
However, the corners have been rounded because of the
shape of the structural element. Compared with the MM
filters with a fixed-size structuring element, the use of an
adaptive structuring element preserved more details in
the resulting images (figure 4).

The visual assessment of the segmentation results
shows there is no loss of precision along the detected
boundaries compared with the original image. For the
crop/crop and the crop/forest boundaries, the bias and
the standard deviation of the edge location were not si-
gnificantly different. In both cases, the bias was smal-
ler than a third of a pixel. The standard deviation of the
crop/crop boundaries was respectively 4.0 and 4.1 me-
ter for the segmentation of the original and the filtered
image. The standard deviations were larger in the case
of the crop/forest boundaries, with respectively 7.1 and
7.4 meters. The case of the crop/urban boundaries was
more problematic. There were indeed large discrepan-
cies with the reference data (up to 50 m) that induced
very large standard deviation. Even after the removal of
outliers, the standard deviation was of 8.4 meters for the
results based on the original image and 9.8 for the filte-
red image.

The results show that the segmentation of the filte-
red images is spatially more consistent than the segmen-
tation based on the unfiltered image. The use of identi-
cal segmentation parameters yielded a similar number of
image-segments. There were 4 percent less polygons in
the case of the filtered image. The number and the de-
lineation precision of crop parcels was very similar for
both cases. The main difference were, as expected, for
the most heterogeneous areas (open natural biotopes
and low density urban areas). In this case, there were 40
percent less polygons when the segmentation was ap-
plied on the filtered image. In the slightly heterogeneous
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FIGURE 3: Results of the new mathematical morphology fil-
ters on a Pléiades image (A) closing and (C) opening compared
with the original image. Homogeneous areas such as city center
and crop fields are not modified, while heterogeneous areas are
markedly affected by the filter.

land cover at this scale, closed canopy forests and dense
urban areas, the results are again quite similar. In those
case, contrary to the other land cover classes, the le-
vel of over-segmentation is higher with the pre-processed
image. However, the smaller size of the image-object in
forested areas seems to be justified by the discrimination
between broadleaved and needleleaved stands. Without
preprocessing, several needle-leaved stands are indeed
under-segmented.

5. Discussion and conclusion

This study showed that it is possible to improve the
segmentation results for heterogeneous spatial regions
without affecting the delineation precision. MM filters in-
deed yield sharp gradients between spatial regions, and
the boundaries between adjacent vegetated regions are
not modified thanks to the adaptive structuring element.

(A\) Fixed structuring element
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FIGURE 4: Comparison of two opening of the same image, with
(A) and without (B) adaptive structuring element.

(A) Filtered
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FIGURE 5: Segmentation results illustrated for the urban area
with (A) and without (B) preliminary filtering.

The combination of the MM filter with a hierarchical seg-
mentation algorithm remains however necessary to re-



move the rounding artefacts at the corners.

The proposed method was based on an arbitrary se-
lected maximum size of the structuring element, which
confines the analysis to a single scale. However, though
the choice of the radius can be discussed, the method
helped to identify spatial structure matching the defini-
tions of spatial regions. Furthermore, forcing the scale
helps to improve the repeatability of the delineation. In-
deed, even if large discrepancies have been observed
with the reference dataset, the errors can be consistently
explained and documented, which is a key feature in case
of monitoring.

The generalisation of the method has not been quan-
titatively assessed. Additional results of the opening and
closing filters were visually consistent on Pléiades images
from other parts of Belgium. However, the parameters of
the filters should probably be adjusted in the case of mar-
kedly different landscapes and/or spatial resolution of the
image.

In addition to the improvement of the delineation, the
image filtering also provided additional bands that can be
used for the classification. Previous studies have used in-
creasing sizes of structural elements on this purpose. In
our case, there is only one scale, which is fixed, but the
combined information from the opening and the closing
provides meaningful contextual information for the clas-
sification of the spatial regions.

The full potential of mathematical morphology could
be better exploited for remote sensing data analysis. Fur-
ther work is necessary to automatically adjust the reflec-
tance thresholds to the information content of the image.
A standard method for the accuracy assessment of seg-
mentation results would be a first step in this direction.
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