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Abstract. This work investigates a way to exploit the information of satellite
images in order to identify cartographic features, aiming at developing a soft-
ware tool able to update digital maps automatically. A cartographic feature, like
any object present in a multi-channel image, is a set of pixels with similar
spectral response and a certain spatial relation between them. The current algo-
rithm works iteratively and mixes the spatial information with the spectral one
in an appropriate way to finally detect the whole shape of a cartographic feature
starting from a pixel marked previously by the user in a remotely sensed image.
It is also shown that Mathematical Morphology (MM) operators can handle the
spatial and spectral information decreasing the computational cost. First, the
structure of the main algorithm is presented, showing each step of its opera-
tional sequence. Then, some application examples are reported and, finally,
some remarks illustrate the future possibilities of implementation and develop-
ment of the algorithm.

1 Introduction

Objects in multi-channel images, particularly remotely sensed ones, are set of pixels
that can be assembled together by their individual spectral response and by their
neighborhood relationship in the spatial domain of each channel. Although there exist
in the literature several works that propose to control the segmentation through spec-
tral information [1] [2] [3], there is not a general procedure that combines both types
of information. Thus, in this paper, we introduce a novel methodology, whose main
objective consists of generating objects by assembling together small elementary re-
gions that are simultaneously spectral and spatial neighbors. Usually the classification
procedures are distinguished between boundary seeking and region growing [4] [5],
whether the objects are defined detecting their edge pixels, or as regions in which the
pixel values are homogeneous. The proposed algorithm firstly divides the image’s
spatial domain in small areas and then applies a region growing process to the areas
instead than directly to the pixels, so the spectral information is processed in two
steps, on the pixel scale and on the elementary region scale.
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The first partitioning is performed with a watershed [6] transformation on the spectral
gradient [7] [8] [9], thus obtaining a fine segmentation that preserves the image spec-
tral meaning. Therefore a unique and representative spectral value can be assigned to
each area, producing a multispectral mosaic image [6]. On the latter a region growing
procedure performs an iterative merging of the regions with similar spectral value,
starting from the areas marked by the user. The user controls the similarity between
regions by a spectral distance parameter previously defined. The region merging pro-
cess is obviously much faster than a pixel merging one, even considering the compu-
tational time of the preliminary watershed.  Apart from this, objects created with a
fixed shape kernel on each pixel usually have a border that reflects this geometry
while this procedure maintains the details of the objects morphology as perceived by
human vision.

2 Fusion Algorithm

This name recalls the merging which is the main operation of this methodology. This
algorithm takes the pieces of the mosaic (the basins of the watershed) that are spatial
neighbors, and merges them into together into a new one.
This idea is meant for any n-dimensional multi-channel image but this article illus-
trates it in the bi-dimensional case, on a simple set of two images. This simplification
maintains the validity of the multi-spectral aspect and is convenient because it worked
with less computing expense and it allows a graphical description of the process: in-
deed we can see the projection of mosaic pieces as points in a two dimensional image,
where their coordinates are their grey level in each band, moreover it allows a graphi-
cal representation of the concepts of spatial and spectral proximity, which is difficult
in a case of a three-dimensional set, and impossible with more dimensions. Finally the
bi-dimensionality lets us run the whole algorithm, even when it approaches the multi-
spectral data, in terms of MM transforms, as the distances calculations in the spectral
space are performed by the binary dilation.

2.1   Mosaic Images

A quick remark on the basic support for this procedure has to be done before de-
scribing in details the steps of the algorithm. The mosaic image to be used is slightly
different from the ones found in the literature [6]. Generally a mosaic image is created
from a grey level image once this is divided in areas and a unique grey value is as-
signed to each one calculated on the values of its pixels. There are different mosaic
versions that differ in the value assigned to object and to the boundary between the
areas. Many versions [7] [12] have been used but the one presented here, has two
main characteristics: first, the objects are obtained applying the watershed on the
multi-spectral gradient, in order to get a detailed separation in catchment basins with
homogeneous spectral meaning; second, the watershed line between the adjacent ba-
sins has value zero, in order to keep them separated. The binary image with the parti-
tion in small areas, viewed as “pieces of the mosaic”, is here called as “pre-mosaic”
(Fig.1b).
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Fig. 1. Original image (a), catchment basins or “pre_mosaic” (b) and mosaic image (c).

2.2   Steps of the Algorithm

Inputs
First, the set of images must be transformed into mosaics. In this case we have two
mosaics that were selected from a set of five images. Then a marker image is created.
It can be obtained manually, marking some points belonging to the requested object,
or automatically, if at least part of the object can be detected in this way. Basically
this image should indicate the pieces that belong “a priori” to the required object
(Fig.2).

      

 

    a        b           c

Fig. 2. Reconstruction (c) of the pre-mosaic image (b) by the marker image (a).

Step 1: Reconstruction of a marker image in the pre mosaic image: only the pieces of
the mosaic hit by the marker image (intersection not empty) are considered from the
“pre-mosaic” (Fig. 2c).

Step 2: The algorithm considers one by one all the pieces marked in the previous
step, and for each one of them finds the pieces that are spatial neighbors (Fig. 3b).

Step 3: The spectral values of a piece, and its spatial neighbors, are visualized as
points in the spectral space (Fig. 4a, 4b).
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     a b

Fig. 3. Spatial domain: single piece (a); spatial neighbors (b).

Step 4: With an intersection between a dilation of the projection of the piece under
evaluation and the projections of its spatial neighbors, only the projections of the spa-
tial and spectral neighbors are selected. The size of the dilation is the key parameter
of this process and it can be different in each channel depending on the contrast rela-
tion between the object and the background grey values, which usually varies from
one channel to the other. In this case (Fig. 4c) it would mean that the dilation could
have different values in the horizontal and the vertical direction.

      
    a          b  c       d

Fig. 4. Spectral domain: projections of the single piece in fig. 3a (a); projection of its spatial
neighbors (shown in fig. 3b) (b); dilation of the single piece projection (c); intersection to iden-
tify the spectral neighbors that are already spatial neighbors (d).

Step 5: Knowing the spectral coordinates of the projections of the spatial and spec-
tral neighbors the algorithm returns to the initial images to identify them (Fig. 5a) and
merges them with the initial piece into a new bigger one (Fig. 5b).

Step 6: Each piece grows to a larger shape that is the result of the merging procedure.
Gradually the new merged pieces modify the mosaics, and update the input images
for the next loop of the application. The new pieces of the mosaic images have a grey
value that is an average of the grey levels of the merged pieces, weighted on their ar-
eas.

These six steps are applied on each previously marked piece and the whole process is
looped on all the pieces until the algorithm can find no more spectral neighbors.
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    a b

Fig. 5. Spatial domain: identification of the spatial neighbors that are spectral neighbors (a);
merging procedure (b).

3 Case Studies

The developed methodology and algorithms were applied to several remotely sensed
images; in particular it has been experimented to detect cartographic features in SPOT
satellite images over the area of Luanda (Angola). We present in this paper some ex-
amples concerning different cartographic layers. The first one concerns the study of a
river (Fig.6a), which is correctly identified (Fig.6b). The contours (Fig.6c) and the
medial axis (skeleton) (Fig.6d) of the river, superimposed to the initial image, testify
the success of application of our approach. This example also gives a hint on how to
use the algorithm results in updating maps, for example this would be the first step
towards creating a hydrology GIS layer.

               
 a        b c       d

Fig. 6. Single channel of cut to object in the original image (a), algorithm detected shape (b),
boundaries (c) and skeleton of the object (d).

Using old cartography features as markers to new ones should theoretically work
well. Indeed many human built cartographic features (roads, urban areas) tend to ex-
pand over the years so the old are included in the recent objects but this procedure can
present some drawbacks. For example in Fig.7, because of its slight displacement due
to the incorrect registration between the map and the satellite images, the old route
could not be used as a marker and forced the use manual markers.
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Fig. 7. Cut of sub-urban area with old cartography overlaid (a), user made markers (b), algo-
rithm detected shape (c) and boundaries on single channel (d).

The algorithm proved its efficiency in the case of the airport, another object consid-
ered relevant as an object to detect. In Fig.8 two input mosaic images are exposed to
illustrate the different information between the channels of the remote sensed images
and the way that shapes are highlighted and its gray levels simplified. The input chan-
nels are the XS3 and XS1, corresponding to the Blue and the Red bands of the SPOT,
and they cover almost all the territory occupied by the city of Luanda airport. The
marker image is very simple; it has just 4 pixels marked, and has been created spe-
cially to extract the shape of the airstrips. As shown in the figure these points were
enough to reconstruct the whole shape.

 a  b

 c  d

Fig. 8.  Input mosaics (a and b), marker image (c) and resulting object (d).
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4 Conclusion and Future Researches

This methodology belongs to the “region growing” procedures’ class but its distin-
guishing feature is that the elementary regions to be merged are not pixels but pre-
segmented “textural elementary units” [13]. The pieces of the mosaic images, ob-
tained with MM operators, can be represented as points in the spectral features space.
For this, the region growing procedure becomes much faster and the objects shape
found suites better to their morphology as perceived by human vision.
It gives good and useful results and it is actually a good tool to find connected shapes
with a spectral meaning, when applied to remotely sensed images. It is not in its de-
finitive version and it is still liable to be modified to improve its efficiency. The future
improvements will be done towards a better interaction with users, and to test and
compare different modifications to the structure described in 2.2.
Apart from the marker image the algorithm has another aspect where the user interac-
tion is quite important: the spectral distance (2.2 Step 4). This is the parameter that
decides whether the projections of the pieces in the spectral space are neighbors or
not. It is a distance parameter that has a component in each band. In the future modi-
fications it will be improved the semi-automatic definition of these. The user will be
requested to make some click on the object (object clicks) in the image and some in
the background, in points that do not belong to the object “a priori” (background
clicks). In this way the algorithm can be programmed to read the difference between
the values of the clicked pixels in all the bands and calculate statistically the parame-
ters of the spectral distance in the different channels. The whole process could be
made fully automatic but the user interaction and understanding is always fundamen-
tal. The application of this idea has been mainly dedicated to cartography but the al-
gorithm is an object recognition tool that could work on any other multi-channel
digital image.
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