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ABSTRACT: In this paper the method of extracting and reconstruction of image of
linear object on VHR satellite image on the example of road is presented. The method is
based on simple operators of mathematical morphology while most of algorithms with
the same purpose are linear. The first step of approach presented is an extracting of the
mask of the object using traditional classification algorithms. Another step which is a
point of the algorithm is a sequence of morphological operations. The study shows how
important for the result is the shape of structuring elements used in the operations.

1 INTRODUCTION

Traditional approach to classification of satellite images which are based on digital
numbers of pixels is relatively easy. Another advantage is that these algorithms are
contained in almost all remote sensing software. However, the results of such a
classification may be imperfect. One of the most common errors may be erroneous
classification of two (or more) different, but characterized by similiar pixel values, types
of land cover. Another problem may occur when one object is covered by another object
or obscured by its shadow. In such a situation a class or a mask of linear objects like
roads may be discontinued in some places.

In recent years the problem of extraction of roads from satellite and aerial images has
drawn considerable attention. From among a large number of publications about this
problem, it is worth mentioning the semi-automatic scheme requiring an operator
intervention (McKeown et al. 1988; Vosselman et al. 1995; Airault et al. 1996), the
object-oriented method taking into account the contextual information (Ruskone, 1996)
or the method based on the extraction of lines in an image of reduced spatial resolution
(Baumgartner i in., 1997, Mayer i in., 1997). There are also few algorithms based on
mathematical morphology operators (Zhang i in., 1999).

The purpose of this paper is a presentation of another morphology-based algorithm
and also an evaluation of an impact of structuring element used for morphological
operations. The first step is extracting the binary mask of the road using a traditional
classification algorithms. Then the sequence of operations of mathematical morphology
is applied as the second step.
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2 MATHEMATICAL MORPHOLOGY

Mathematical morphology is a set theory approach, developed by J. Serra and
G. Matheron. It provides an approach to the processing of digital images that is based on
geometrical shape.

Two fundamental morphological operations – erosion and dilation are based on
Minkowski operations. There are two different types of notations for these operations:
Serra/Matheron notation and Haralick/Sternberg notation. In this paper Haralick/
Sternberg notation, which is probably more often used in practical applications is used.
In this notation, erosion is defined as follows:

X � B ¼
\

y2B̂

Xy ;

and dilation as:

X � B ¼
[

y2B

Xy

where: B is a structuring element and

Xy ¼ x þ y : x 2 Xf g:

Two other principal operations called opening and closing are simple sequences of
erosion and dilation. Opening is defined by the following equation:

X � B ¼ X � B½ � � B

and closing as:

X � B ¼ X � B½ � � B:

There is also another morphological operation defined by Cheng and Venetsano-
poulos which has some use in experiments presented in this paper. It is called NOP (a
new type of opening operators) and permits to eliminate small groups of pixels. This
operator is defined as follows:

X � BN ¼ max
Bk2BN

X � Bk
� �

;

where BN is a set of the structuring elements of all shapes formed by N eight-connected
pixels.

The reader is referred to the books and articles of mathematical morphology for an
extended background to morphological operators (especially hit and miss transforma-
tion and skeleton operator which are not presented in this paper).

3 ROAD IMAGE EXTRACTION AND RECONSTRUCTION

The following tests were performed on the part of the Quickbird satellite scene. In the
pre-processing phase a fusion of panchromatic and multispectral images was performed
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so the image used in the test was multispectral and its pixel was of the size 0,61m �
0,61m. The image is presented in Figure 1.

Figure 1 also shows how the information about the course of the road may be
‘‘falsified’’ due to other high objects or their shadows. The result of a traditional pixel-
based classification performed on the image in Figure 1 is presented in Figure 2. It is a
binary road mask extracted from the classification. There is a large number of gaps in the
road mask, and, on the other hand, there are pixels classified as the road but they present
other types of land cover (like moist soil or buildings), actually.

Figure 1. The part of the Quickbird scene.

Figure 2. The road mask extracted from traditional classification.
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The first step in the sequence of morphological operations is a morphological closing
of the binary mask from Figure 2. The square structuring element of 3� 3 pixels size
was used in this case. The purpose of this step was to aggregate the pixels classified as
roads close to other pixels of its type. The unwelcome effect of aggregating errogenously
classified pixels appears.

The second step is an eliminating of small groups of pixels. The presupposition is
that small groups of pixels are probably errogenously classificated as road. This is
achieved by performing NOP. The result of this operation is presented in Figure 3. An
unwelcome effect of eliminating correctly classified pixels can be seen.

Figure 3. Closing of image from Figure 2.

Figure 4. Effect of NOP application.
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The following step is based on the presupposition that most of the errogenous
information has already been eliminated, but there are still gaps and distortion in the
image of the road. The purpose of this part of the algorithm is to close the image using a
big structuring element. The quasi round element of 100 pixel radius was used in this
case. The result is presented in Figure 5.

The result of applying this operator is a closing of all gaps in the road course. There
are still some mis-classified places in the image, but it has a big advantage – all the road
pixels are connected. Thanks to that it is possible to perform NOP with big N factor
without loosing correct information. The result of applying NOP is presented in Figure 6.

Figure 5. Effect of closing using a big structuring element.

Figure 6. Effect of NOP application using a significant N factor.

Application of mathematical morphology operations for the improvement of identification 219



It is still imperfect but most of the errogenously classified pixels placed far from the
actual road are eliminated. The intersection of this image and the image from Figure 3 is
shown in Figure 7. This operation restores the image to its first form but without most
errogenously classified pixels. Thanks to that it is possible to eliminate the rest of them
using NOP with small N factor (25 pixels in this case). The result of this operation is
presented in Figure 8.

We can say that the road mask has no commission error, but omission error is still
significant – there are no ‘‘off-road’’ pixels classified as roads, but there is still a large

Figure 8. Effect of NOP application with small N factor.

Figure 7. Intersection of images from Figure 3 and 6.
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number of road pixels not classified as road. It is necessary to apply a morphological
closing to resolve this problem. An important issue is the shape of the structuring element
used in this part of the algorithm. This problem is resolved in the following subsection.

3.1 The significance of the shape of the structuring element

Firstly, a few square structuring elements of different sizes were applied. Figure 9
presents the best result obtained using 400� 400 pixels element. A number of important
errors (gaps and distortions) may be seen in this image. They are not caused by
insufficient size of the structuring element because the same effect was obtained using a
much bigger element (2000� 2000 pixels). It is highly probable that the cause of this
problem is the shape of the structuring element and its orientation. Gaps in the part of the
object oriented more or less parallel to the sides of the square element are completely
closed, while gaps in the diagonal oriented parts are still opened or deformed. The
conclusion is that the perfect structuring element for this purpose should adapt its
orientation to the orientation of the object. It is of course possible to implement such an
algorithm but there is an easier solution. This solution is an application of a round-shaped
structuring element of significant size. Such an element can succesfully approximate a
square element with adaptable side orientation. Figure 10 presents the result of
application of a closing using a round-shaped structuring element of 200 pixel radius.

As can be seen all the gaps in the object are closed. Additionaly, edges of the object
are far smoother than the edges of the object in Figure 9. The advantage of a round-
shaped structuring element over a square-shaped one for this purpose is shown.

Figure 11 presents the final version of the road mask obtained in the presented
algorithm. It can now be superimposed on the result of previously performed classi-
fications for improvement of its precision. It can be also treated as a well prepared base for
automatic road axis detection. A simple solution is presented in the following subsection.

Figure 9. Closing with big square-shaped structuring element.
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3.2 Road axis extraction

The road axis can be easily obtained by performaing a skeleton operation. The result of
skeletonization is a one-pixel thick medial axis preserving the homotopy of the source
image. Figure 11 presents a skeleton of Image 10. Such a raster image can now be easily
converted into vector form using standard convertion tools. The result of the conversion
is shown in Figure 12.

Figure 11. Morphological skeleton of road mask.

Figure 10. Closing with big round-shaped structuring element.
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Figure 12. presents the road axis in the vector form superimposed on the source
satellite image. As can be seen, the result of the algorithm demonstrates a high precision
even in the parts where some problems occured (compare Figure 12 with Figure 2).

4 CONCLUSION

The described test showed that mathematical morphology has great potential as a tool for
satellite image processing. Most of the problems caused by the imperfection of the
traditional pixel-based classification algorithm were corrected thanks to the proper
application of mathematical morphology operators. By the additional application of the
skeleton operator it is possible to obtain the road axis automatically and convert it into a
vector format. There is a possibility of further improvement of the presented algorithm,
especially the application of two other mathematical morphology operators: granulo-
metry for the automatic evaluation of optimal structuring element sizes in successive
steps of the algorithm, and geodesic reconstruction for better algorithm performance.
These subjects are also areas of interest for the author.

The test also demonstrated significance of the shape of a structuring element using in
the mathematical morphology operations.
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