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INTRODUCTION
The coastal zone is a vital, and highly dynamic environment. Within such area, multiple geophysical
parameters are important to monitor in order to understand in deep the evolution of it. Depending on
the objectives targeted and on the particular phenomenon to monitor, different resolutions, both on a
temporal and on a spatial scale, are required. This is due to the fact that each phenomena, as erosion
or accretion of the coastline or variations in typology or volume of sediments, has different time scale
evolution. Thus, when considering the exploitation of remote sensing techniques for monitoring
purposes, a choice has to be made with respect to the best satellite data to be chosen.
The dataset used in the present work for the extraction of the coastline is composed by SAR images
acquired by ERS-1 and ERS-2 satellites.
Such images are characterised by a spatial resolution of 25x25 meters. The choice of exploiting data
with such a low resolution can be seen as a drawback, considering the fact that the objective of the
research activities is to provide a valuable method for the extraction of coastline for monitoring
purposes.
Moreover, traditional methodologies provide a much higher resolution with respect to the one obtained
from SAR data. Nevertheless, the activities have been focused on SAR images for the fact that, in the
next future, satellites with a few meter resolution SAR sensors will be launched. In particular COSMO
SkyMed will provide high-resolution SAR data for marine applications especially for the Mediterranean
Sea. As already mentioned, SAR data are attractive as deals with the possibility of acquisition
regardless weather conditions. This facility is particularly important for application such as the
monitoring of coastline, as most relevant changes are related to bad weather conditions and sea
storms.
The methodology here proposed for the extraction of the coastline is based on the analysis of the
remote sensing SAR data, taking polarimetric and multitemporal aspects into account at a same time.
In fact, image intensities and the properties of interferometric coherence derived from the correlation
of the InSAR couple are exploited together.
The proposed approach is a semi-interactive segmentation based on a seed- growing process. The
growth starts from the seed point indicated by the user as surely belonging to the object searched for.
Then it follows the best paths in terms of connectivity, thus guaranteeing the extraction of a connected
structure and of   its fine details.
Due to the fuzzy nature of the algorithm, the final result is not hard but fuzzy. The final image, named
the connectedness map is characterised by membership values that indicate to what extent every
pixel is connected with the seed point. This means that the user can easily choose his best result by
thresholding the connectedness image.

The proposed algorithm gives good results that are evaluated by means of the other acquisition
modalities, i.e., optical photo images. In addition, a method for the evaluation of  the quality of the
obtained results is proposed. The extracted shoreline from a high resolution aerial image has been
exploited as a reference to measure the precision of the results from SAR data. This has been
possible even through the high difference in spatial resolution between SAR and aerial image (i.e., 25
m and 1 m, respectively). Finally, the evaluation of results quality has been obtained by overlapping
the extracted coastline from SAR on the aerial coastline, taking also into account some errors within
the extraction of the latter.



DATASET
The dataset used in the present work for the extraction of the coastline is composed by SAR images
acquired by ERS-1 and ERS-2 September 1995. The below table (Table 1) shows the main features
of the analysed images.

Satellite
Date of

acquisitio
n

Baseline Orbit
Frame/
Track

Master ERS-1
11 Sept.

1995
02066 2709-208

Slave ERS-2
12 Sept

1995

51
meters

21739 2709-208

Table 1: Main features of the SAR images exploited for  the extraction of the coastline

Such images (Figures 1 and 2) are characterised by a spatial resolution of 25x25 meters. The choice
of exploiting data with such a low resolution can be seen as a drawback, considering the fact that the
objective of the research activities is to provide a valuable method for the extraction of coastline for
monitoring purposes.

Moreover, traditional methodologies provide a much higher resolution with respect to the one obtained
from SAR data. Nevertheless, the activities have been focused on SAR images for the fact that, in the
next future, satellites with a few meter resolution SAR sensors will be launched. In particular COSMO
SkyMed will provide high-resolution SAR data for marine applications especially for the Mediterranean
Sea. As already mentioned, SAR data are attractive as deals with the possibility of acquisition



regardless weather conditions. This facility is particularly important for application such as the
monitoring of coastline, as most relevant changes are related to bad weather conditions and sea
storms.  The high-resolution data (Figure 3) used for the evaluation of the results has been acquired
from an aerial platform during 1998, as described in the following paragraphs. These images are in the
visible spectrum and they are characterised by a spatial spacing of 1x1 meters.

METHODOLOGY

Typically the sea is characterised by a low interferometric coherence,  but an algorithm based only on
this feature can have  a relevant limitation if applied on cases in which strong vegetation areas are
near to the sea ,because also this land cover is  characterised by low coherence, the extracted
coastline was not corresponding the real position of it. In order to solve this issue, the low
interferometric coherence has been taken into account as a condition necessary  but not sufficient in
order to distinguish sea area and inland areas. The algorithm has been further developed by giving a
specific weight to coherence within the initialisation of the values of membership. The methodology
can be directly applied to the original image and merging the information given by the coherence
image, without which the extraction of the overall coastline would not be possible. Within the algorithm
the initial value of the membership was related to the difference between the given pixel and the seed
point. Thanks to this further development this value will be influenced both by the grey level of the
pixel with respect to the seed point and by the value of coherence. Therefore, a pixel of the image with
similar grey level respect to the seed point, but with a high value of coherence will have a lower value
of membership, in comparison with the some value of grey level but low level of coherence. The
following equation is used to initialise the membership matrix, on which the algorithm based on fuzzy-
connectivity will be applied:

Membership(x,y)= 1- Wpol*image(x,y)-Wcoe*coherence(x,y) (1)

Wpol+Wcoe=1 (2)

where Wpol and Wcoe  are rispectively the weights of the polarimetric images and of the coherence
image. In this framework, the image has been considered as already scaled to the seed point and
between a range of 0-1. A good selection of such weights provides excellent results in comparison
with the ones obtained by using only the polarimetric or interferometric information.

Figure 4: Functional processing scheme



A registration processing on  the SAR  images  as well as on the aerial photos represents a
preliminary step for the processing and the successive comparison of the extracted shorelines.

INTERFEROMETRIC COHERENCE IMAGE
As already described, within the activities carried out the coherence image has been taken into
account as it can be extracted from an InSAR couple of complex images I1 and I2 by applying the
classical formula:
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The coherence image G(p) is particularly interesting within our scope, for the fact that it contains
information concerning changes occurred to the investigated area within a determined time slot.
Earthview software (Version 4.4.1, Atlantis Scientific inc.)  has been exploited to obtain such images
as shown in Figure 5.

As clearly shown in the image, the sea is characterised by a low level of coherence, due to the fact
that sea is continuously changing. In order to correctly obtain the coherence image it is necessary to
exploit two different images correctly acquired: if not, within the coherence image several regions
could be characterised by low levels of coherence.

SEGMENTATION PROCESS FOR SHORELINE EXTRACTION
The shoreline extraction technique is based on  the theory of fuzzy sets as proposed in the isocontour
method presented in Dellepiane (1996), where connectivity is exploited to consider spatial
relationships between neighbouring pixels.
Given a fuzzy field H describing the normalized intensity value ç(p) of each pixel p, the definition of
fuzzy intensity-connectedness refers to a  path P(q,p) as an 8-connected path of points from a pixel q
to a pixel p. We can define the degree of connectedness from q to p as  the “ c -connectivity” or
“intensity-connectedness" associated with a generic seed point a by applying  the formula:
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Figure 5: Coherence image of SAR images previously described.



The modified field Xa is extracted from the original field H, by applying, with reference to the point a,
the following:

)a()p(1)p(X a hh --= (5)

The proposed approach is a semi-interactive segmentation based on a seed- growing process. The
growth starts from the seed point indicated by the user as surely belonging to the object searched for.
Then it follows the best paths in terms of connectivity, thus guaranteeing the extraction of a connected
structure and of   its fine details.
Due to the fuzzy nature of the algorithm, the final result is not hard but fuzzy. The final image, named
the connectedness map is characterised by membership values that indicate to what extent every
pixel is connected with the seed point. This means that the user can easily choose his best result by
thresholding the connectedness image.
The method is mainly data-driven, and makes use of a few information it can extract from the indicated
seed point, as characteristic of the desired region. It could therefore be considered as partially
supervised, having a few indications about the searched class.

Finally, a simple interactive thresholding step should allow the identification of the most suitable
threshold for extracting the coastline from the weighted polarimetric and connectivity map. During the
threshold selection a friendly user interface helps the user.
Therefore, the extraction of the coastline has been carried out from the above mentioned image and
the result is shown in Figures 6 and 7. Referring to (6) Wpol and Wcoe values are 0.4 and 0.6,
respectively.

A METHOD FOR THE EVALUATION OF THE COASTLINE PRECISION
Even if not so precise, the extracted line from the aerial data can be considered as the real position of
the shoreline given that 1 meter resolution is one magnitude of order bigger than 25 meters resolution
(i.e., the resolution which characterises SAR data).
The comparison between images with two different resolutions is not a trivial task as it is impossible to
overlap the images without adapting one of them to the other. Therefore, a pre-processing for the
aerial image has been carried out by sub-sampling it: in particular the initial information contained in
the aerial image has been transposed to a new image with 25x25 resolution. This operation has been
performed preserving the geographical information of the overall image.
In order to evaluate the results obtained from a quantitatively point of view, the selection of the best
parameters which describe the differences between two lines, is necessary. Such difference is well

Figure 7: Image representing a portion of the extracted
coastline from the SAR image.

Figure 6: Extracted coastline from the SAR image (11 sept
1995)



described by the mean offset between the two lines although such parameter is not sufficient to
evaluate the overall quality of the results. It is therefore necessary to introduce an additional
parameter in order to describe the variance of the distance between the two lines. This is due to the
fact that two different results, each of one represented by an extracted coastline, may have the same
mean offset with respect to correct coastline, being one completely parallel to the correct coast and
the other not even similar to it.
A specific module in IDL language has been implemented within ENVI (Version 3.2, Research
Systems, Inc.) in order to perform the following steps:

·  Extraction of the distance image of coastline extracted from the resized aerial image;
·  Normalisation [0,1] of the coastline extracted from the SAR image;
·  Masking of the distance image with the normalised SAR coastline. In particular from this step, a

line is obtained of which each pixel represents the distance between the two lines;
·  Computing of the mean offset and mean absolute deviation (absdev) parameters for each of the

pixels of the line derived from the previous masking.
Within our task, the quality of the result can be considered good when both parameters are low
valued. On the contrary high values of both mean offset and absdev refer to a poor quality of the
result.
Based on the methodology previously described, the evaluation of the results related to the extraction
of the coastline from SAR images has been carried out. The results of such evaluation process is
represented by the following figure 10: in particular the result obtained from the sandy shoreline can
be considered good as the values of the mean offset and absdev are low (2.4 and 2.2 ). Moreover the
average error within this portion of territory (11 Km long) is equal to 3.6 pixels using Wpol=0.4. The
results are dependent from the choice of Wpol and Wcoe nevertheless, the overall results obtained from
coherence and SAR image togheter are quantitatively better than the ones obtained  using only the
SAR or coherence images .

CONCLUSIONS
The work performed has been focusing on the development and evaluation of an algorithm for the
extraction of the coastline from SAR data. The results obtained can be considered quantitatively
promising, as previously shown, especially for portions of territory in which the coast is characterised
by the presence of sand and pebbles. Moreover, the evaluation methodology proposed can be seen
as innovative for the fact that, at the state of the art, such kind of evaluation is visually performed in
most cases.
Moreover, with respect to the previous works performed, the use of the coherence image which turns
out to be a powerful feature in the separation between land and sea. Finally, comparing the average
error obtained, with the ones from the previous works, it is necessary to underline that, even if the

Figure 8 (left): Results obtained from the SAR image and overlapped to the aerial image. Figure 9 (rigth):Particular of  the
coastline characterised by the presence of sand and pebbles..



proposed method is less precise (3.5 pixels with respect to 2.5 pixels (Niedermeier et. al. (2000))),
such error evaluation is based on a model derived semi-automatically from an aerial image.
Finally, the added value of the developed methodology for the extraction of the coastline is that the
results do not depend from the spatial resolution of the data considered. Therefore, it can be
presumed that the proposed methodology will be useful for the monitoring of the coastline, in the next
future, for the fact that higher resolution data will be available.
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