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pixel size. These sensors are only an example of 
optical products among many other possibili-
ties such as the Landsat and the Spot programs 
which operate in the range of 20-30 m of pixel 
size. All these missions provide a huge field of 
potential practical applications. In this paper, 
per pixel classification for crop characterization 
and irrigation detection using ASTER data, and 
per object classification using aerial images that 
share resolution details with the submeter opti-
cal satellite imagery, are introduced. 

Concerning the microwave spectrum, govern-
ments and space agencies are investing a great 
amount of effort in developing spaceborne plat-
forms that carry Synthetic Aperture Radar (SAR) 
systems. These instruments are becoming a very 
important source of information for Earth Ob-
servation. Some of the most relevant programs 
are ERS, ENVISAT and the future Sentinel mis-
sions (ESA), Radarsat (Canada) and TerraSAR-X 
(Germany) (see [1] and [2]). The last program 
operates in the X band, and consequently it can 
provide very high resolution imagery (from 1 m 
to 30 m depending on the acquisition mode). In 
this paper, a study about SAR processing algo-
rithms and Speckle noise reduction is described. 
SAR instruments produce a great amount of 
data to be stored that have been traditionally 
processed on ground. However, technological 
developments concerning microprocessors and 
solid state memories now enable the possibility 
of on-board SAR data processing (see [3] and [4]). 
In this scenario, efficient algorithms for generat-
ing SAR images are demanded. This new situa-
tion requires specially designed algorithms for 
the processing stages because high resolution 
approaches to SAR image generation are still too 
computationally expensive.

This paper describes the Remote Sensing acti-
vities carried out with the aforementioned pro-
ducts. First, microwave active remote sensing ac-
tivities for image formation and restoration are 
described, then optical instrumentation applica-
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1. Introduction

Earth Observation is an area of great interest and 
investment. Nowadays, commercial satellite ima-
gery in the submeter range is already available 
with limited spectral resolution (1 or 4 bands) co-
ming from several platforms like Ikonos/Geoeye 
and Quickbird/Worldview [1]. On the other hand, 
other instrumentation like the Advanced Spa-
ceborne Thermal Emission and Reflection Ra-
diometer (ASTER) onboard the scientific TERRA 
satellite (USA/Japan) with very good spectral 
resolution is also available. The sensor ASTER 
has three different subsystems, VNIR (visible and 
near infrared) with 15 m of pixel size, SWIR (in-
frared) with 30 m and TIR (thermal) with 90 m of 
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duced resolution decreases the amount of data 
to be downlinked and that fact is very impor-
tant, since high data rates are one of the most 
restrictive drivers in SAR system design. In this 
context, there is a need of advanced algorithms 
capable to process medium resolution SAR and 
ScanSAR data. Efficient and modest algorithms 
are also very interesting due to their computa-
tional benefits for fast image generation. The 
scenario where this kind of algorithms could be 
appreciated would be on-board ScanSAR ima-
ging or ground image generation for browsing 
purposes before high precision processing takes 
place (see [3] and [4]). 

3. Range and azimuth processing

The Chirp signal used in SAR is usually a pure 
quadratic phase with a rectangular envelope 
modulated on a radio-frequency tone (usually in 
L, C or X bands). These pulses are sent to the sur-
face and their echoes are sampled and recorded 
on board, and this constitutes the range dimen-
sion information that is stored in files. Then, mat-
ched filtering is carried out to recover the surfa-
ce information on ground. This filtering may be 
practically implemented by several techniques 
(see [2] and [4]). 

On the other hand, the system introduces an azi-
muth hyperbolic phase caused by the varying 
relative position between the target and the 
antenna. Besides, the antenna radiation pattern 
modulates the azimuth signal amplitude in the 
spectral domain. This signal is sampled by the 
Pulse Repetition Frequency (see [2]).

This paper presents a study among medium re-
solution processing algorithms that should able 
to process medium resolution SAR data as well 
as ScanSAR. The Range-Doppler algorithm using 
Fast Frequency Convolution is one of the most 
widely used methods and it is a good reference 
for comparison. It carries out matched filtering 
by fast convolution in the frequency domain, 
and its main drawback is the demanded Fast 
Fourier Transform (FFT) block size. Unfocused 
Synthetic Aperture algorithm (Unfocused SA) is 
a special kind of azimuth SAR processing [2] that 

tions are introduced and finally, classification and 
data fusion are considered as current trends.

2. Microwave Remote Sensing

SAR has played a very important role in the field 
of Earth Observation. It provides with valuable 
products to the scientific community like inter-
ferometric and polarimetric data (see [1] and [5]). 
The main advantages of satellite SAR systems 
are continuity, global monitoring of the Earth 
surface and operation under all weather and illu-
mination conditions [2]. Besides, SAR data have 
shown a great potential exploited together with 
information coming from other instruments (vi-
sible and thermal bands) in the form of fusion 
algorithms. When compared to optical data, SAR 
images give apparently much noisier products, 
but they offer very valuable additional informa-
tion that is not present in the optical range like 
man made structures and soil moisture characte-
rization. There are also some other features that 
are much better characterized using microwave 
imaging that fall out of the scope of this paper 
like maritime oil spills and ice. 

The requirements of wide swaths for global mo-
nitoring, taking into account the geometry of the 
SAR system and its restrictions, have caused the 
development of the Scanning SAR technique 
(ScanSAR). In this mode of operation, the antenna 
beam is automatically and periodically steered in 
order to get several subswaths in one pass (this 
mode is supported in ENVISAT, RADARSAT and 
TerraSAR-X). Fig. 1 presents the acquisition geo-
metry for a SAR system and Fig 2. describes the 
scanning mechanism in the ScanSAR system.

SAR focusing stages are usually carried out di-
gitally by ground powerful computers (see [2]). 
However, recent advances in space qualification 
for efficient and programmable microproces-
sors bring the possibility of on-board SAR pro-
cessing (see [3] and [4]). Only limited computing 
resources are expected in the first on-board pro-
cessing systems and consequently, just reduced 
resolution images can be generated. Besides, re-

  Figure 2. ScanSAR system geometry.

 Figure 1. SAR system geometry.
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does not fully exploit the phase content of the 
synthetic aperture and it is not usually applied 
to range processing. 

Spectral Analisys (SPECAN) (see [4], [6] and [7]) 
was introduced some years ago to process Chirp 
signals. The underlying theory is to implement 
a SAR processing algorithm by deramping and 
spectrum analysis. It is based on a quadratic 
phase model for the SAR signal. Hence, it may be 
applied for range compression [6] if a pure qua-
dratic Chirp is used, and it can also be applied 
to azimuth processing if the azimuth phase 
history is sufficiently modelled with the second 
order term of the Taylor expansion [2]. However, 
SPECAN does not bring a satisfactory solution 
for ScanSAR data even with a proper selection 
of FFT size, because algorithms must make use 
of interpolation in order to get samples at the 
appropriate frequency positions. In range com-
pression, it is also interesting to get an algorithm 
with freely selectable decimation factor in order 
to obtain a uniform image from the different 
swaths. Chirp Z-Transform SPECAN (CZT SPE-
CAN) introduced by Vidal-Pantaleoni and Ferran-
do in [6] gives a much more flexible algorithm. Its 
decimation choice does not depend so critically 
on the system characteristics. 

This new spectral analysis technique is a natural 
interpolator like the Chirp Scaling Algorithm, and 
for that reason is a very valuable tool for desig-
ning efficient algorithms avoiding interpolators.

This work compares in Table I different algorithms 
for medium resolution SAR processing: the Un-
focused algorithm, SPECAN in azimuth, SPECAN 
for both azimuth and range and CZT-SPECAN in 
both azimuth and range. Overall processing eval-
uation is validated using ERS-1 raw data in the 
Flevoland test area and a simulated point target 
like the real one shown in Fig. 3. All algorithms 
process 6 looks in azimuth and range getting a 
decimation factor around 8 in range and around 
40 in azimuth. The Integrated Side Lobe Ratio 
(ISRL) is obtained from the response of a simu-
lated point target, and the Equivalent Number of 
Looks (ENL) is obtained from the analysis of a uni-
form area of the processed SAR image (see Figs. 
4 and 5). Another value used for comparison in 
Table I is the spatial resolution. The CZT-SPECAN 
gives very sharp impulse response at the cost of 
worse values for ENL and ISRL. However, the flex-
ibility given by this technique is very interesting 
for on-board implementations as shown in [4].
The conclusion obtained from this study is that 

 Figure 4. Test area processed with a high number 
of looks (484) and the Range-Doppler algorithm.

 Figure 5. Test area image processed with CZT 
SPECAN using 6 looks in both range and azimuth 
dimensions.

 Figure 3. Point target in a one look ERS-1 SAR 
image processed with the Chirp Scaling Algorithm.

  Table 1.  Medium resolution algorithm quality analysis.
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compactly supported orthonormal bases, and it 
may be implemented efficiently with a tree fil-
tering scheme that creates a pyramid of lower 
resolution approximations.

The Discrete Wavelet Transform has an interes-
ting property of simultaneous space and fre-
quency localization. For that reason, the features 
are present through the decomposition tree. 
Therefore, such detail information may be kept 
and noise can be reduced by applying a thres-
hold detector that does not produce edge dis-
tortion. An illustration of the 2-D discrete Wave-
let decomposition is shown in Fig. 7.

The technique called soft thresholding is then 
applied to reduce additive Gaussian noise in the 
Wavelet domain of the logarithmically transfor-
med image. In general, one of the key aspects in 
thresholding is the choice of the threshold va-
lue. This is the most critical step in the Wavelet 
shrinkage operation, since a poor adjustment 
may provide a distorted image or unnoticeable 
noise reduction. The innovation to standard al-
gorithm is a two-fold modified shrinkage ope-
ration. First, coefficient processing is carried out 
independently in each detail sub-image, and 
only the sub-image coefficients are taken into 
consideration for the computation of the stan-
dard deviation. Secondly, the design parameter 
is not constant but dependent on the level of 
decomposition.

The first step is to analyze the statistics of Spec-
kle noise in SAR images. Then, a simulated image 
following these characteristics is created using 
a noise-free optical image in order to evaluate 
properly noise reduction. The mean square error 
is classified depending on the spatial characte-
ristics of a local region, and this tool gives valua-
ble information for algorithm assessment. In the 
comparison, the new adaptive soft threshold me-
thod provides excellent results concerning noise 
reduction and detail preservation compared 
to classical soft threshold and the Wiener filter. 
Besides, it gives as much noise reduction as the 

SPECAN and especially SPECAN combined with 
Chirp-Z Transform is a very appropriate candidate 
for processing SAR data not only in azimuth but 
also in range. These new developments are very 
promising for obtaining fast and simple SAR ima-
ge generation and they could be suitable candi-
dates for potential on-board implementation.

4. Speckle Noise

One of the main drawbacks in Synthetic Aper-
ture Radar (SAR) image exploitation and appli-
cation development is caused by the presence 
of noise. SAR images contain several sources 
of noise. In addition to the thermal noise given 
by electronic equipment, there is another kind 
of distortion that is typical in SAR systems. It is 
called Speckle noise, in parallelism with a similar 
effect that appears in laser imaging (see [8] and 
[9]). The relatively narrow bandwidth combined 
with the surface roughness at the wavelength 
scale produce a pattern of interference that re-
sults in a grainy appearance as explained in [2]. 
Noise affects severely post-processing applica-
tions like segmentation and classification, and 
its effect can be seen in Fig. 3 where a one look 
SAR image is shown.

Many methods that reduce Speckle noise while 
preserving texture and detail have been presen-
ted in the literature. In this study, a comparison of 
different methods using Wavelet decomposition 
is performed and new improvements for tradi-
tional methods are introduced (see [10] and [11]). 
These techniques are: Wiener filtering, classical 
soft threshold, and an adaptive soft threshold. 
The last method combines the characteristics 
of additive noise reduction of soft thresholding 
(see [12] and [13]) with the localization of in-
formation in the coarsest levels of the Wavelet 
transform (see [14] and [15]), and its main contri-
bution is to adapt the effective threshold to the 
level of decomposition.

The noise reduction process is summarized in 
Fig. 6.  The scheme is the same that was intro-
duced by Donoho in [12] with the logarithmic 
operation proposed by Odegard in [13]. The no-
velty here is introduced in an adaptive version of 
the threshold implementation. The logarithmic 
transformation is applied in order to separate 
the noise contribution from the desired signal in 
an additive manner. Then, the image is decom-
posed via the Discrete Wavelet Transform using 
a three level pyramid with Daubechies family of 
16th order as described by Daubechies in [14]. 
This wavelet is widely used because it provides 

 Figure 6. Speckle noise reduction scheme.

 Figure 7. Wavelet transformed original image.
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acquired using the same sensor. By using such 
satellite data, field work can not be eliminated 
but it is reduced to a minimum. Therefore, mo-
nitoring campaigns are less expensive in econo-
mic and time costs.

In this section, three main optical data sources 
are employed. The first one is the ASTER instru-
ment onboard the TERRA spatial platform, who-
se characteristics have been described in the 
Introduction (the VNIR sensor in 15 m of pixel 
spacing and the SWIR sensor at 30 m of pixel 
spacing). ASTER data is chosen due to the wide 
spectral range and the relatively high spatial 
resolution. The second source of information is 
orthorectified aerial image in the Red Green and 
Blue (RGB) bands. The aerial image presents 0.5 
m of pixel size and it would be very similar to the 
commercial satellite high resolution products 
(see an example in Fig. 10). The third source of 
information is the TerraSAR-X stripmap product 
(pixel spacing of 1.5 m) to introduce the data 
fusion using SAR data. This satellite product pre-
sents a spatial resolution which is comparable to 
the high resolution commercial imagery in the 
submeter range. Some additional data coming 
from ground truth has been used and the par-
cel boundaries from cadastral information have 
been also available.

6. Image classification for crop 
and irrigation identification

The ability to distinguish between land cover 
classes is closely related to their growing pat-
terns, and there are several periods when diffe-
rent land cover categories have a similar spectral 
response. Therefore, it is possible to misclassify 

most sophisticated Bayesian method (see [11]), 
but much more efficiently. So, the adaptive ver-
sion of soft thresholding outperforms the other 
techniques. Figure 8 summarizes the algorithm 
performance of these three techniques applied 
to a simulated SAR image following the Speckle 
statistics with a signal to noise ratio equal to 20 
dB. It shows the best results in edge error cance-
llation in relation to the achieved uniform error 
cancellation, whereas Fig. 9 presents the noise-
free image, the simulated SAR image and the res-
tored image using the adaptive technique.

5. Optical remote sensing 
and data fusion

This section covers the Remote Sensing activi-
ties concerning classification and change detec-
tion using optical data and it also proposes the 
use of SAR data to help the previous processes 
through data fusion. SAR data may complement 
the optical higher resolution images by enhan-
cing the detection of man-made targets and soil 
moisture. These are the most interesting features 
of SAR data, and they may be incorporated in the 
optical classification algorithms. 

The geographical region of study is the Vinalo-
pó river basin, in the province of Alicante in the 
East coast of Spain, and the main objectives have 
been crop and irrigation detection for water ma-
nagement and monitoring of illegal construc-
tions. The agricultural characteristics of the zone 
present an important challenge for classification 
algorithms due to the irregular irrigation practi-
ce throughout the year and the small size of the 
parcels. Another challenge in crop classification 
in that area comes in the form of mixed crops. 
The main crops in the Vinalopó region are olive 
trees and vineyards (both irrigated and non-
irrigated). The use of water for crop irrigation is 
a very important indicator for water manage-
ment agencies. In Spain, water shortage is a very 
severe problem and water usage needs to be 
strictly controlled. An alternative to the ground 
campaigns comes from the use of a classifica-
tion method with satellite multispectral images.  
This kind of data is consistent and systematically 

 Figure 8. Comparison of best mean square error 
cancellation in edge areas and uniform areas.

 Figure 9. Original noise-free image in a), simulated speckled image in b)
and restored image with the adaptive soft thresholding method in c).

 Figure 10. ASTER VNIR image of an area of Villena.

compactly supported orthonormal bases, and it 
may be implemented efficiently with a tree fil-
tering scheme that creates a pyramid of lower 
resolution approximations.

The Discrete Wavelet Transform has an interes-
ting property of simultaneous space and fre-
quency localization. For that reason, the features 
are present through the decomposition tree. 
Therefore, such detail information may be kept 
and noise can be reduced by applying a thres-
hold detector that does not produce edge dis-
tortion. An illustration of the 2-D discrete Wave-
let decomposition is shown in Fig. 7.

The technique called soft thresholding is then 
applied to reduce additive Gaussian noise in the 
Wavelet domain of the logarithmically transfor-
med image. In general, one of the key aspects in 
thresholding is the choice of the threshold va-
lue. This is the most critical step in the Wavelet 
shrinkage operation, since a poor adjustment 
may provide a distorted image or unnoticeable 
noise reduction. The innovation to standard al-
gorithm is a two-fold modified shrinkage ope-
ration. First, coefficient processing is carried out 
independently in each detail sub-image, and 
only the sub-image coefficients are taken into 
consideration for the computation of the stan-
dard deviation. Secondly, the design parameter 
is not constant but dependent on the level of 
decomposition.

The first step is to analyze the statistics of Spec-
kle noise in SAR images. Then, a simulated image 
following these characteristics is created using 
a noise-free optical image in order to evaluate 
properly noise reduction. The mean square error 
is classified depending on the spatial characte-
ristics of a local region, and this tool gives valua-
ble information for algorithm assessment. In the 
comparison, the new adaptive soft threshold me-
thod provides excellent results concerning noise 
reduction and detail preservation compared 
to classical soft threshold and the Wiener filter. 
Besides, it gives as much noise reduction as the 
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Other classification algorithms based on classi-
cal algorithms (see [23]) and learning processes 
like Artificial Neural Networks and Support Vec-
tor machines were also implemented and tested. 
They offer very good results at a more elevated 
cost in implementation and operator time.

7. Image classification for 
irrigation detection using a priori 

crop information

The classification results using multi-temporal 
ASTER data working on a “per pixel” basis pre-
sent some important drawbacks. The sensor has 
shown an interesting property to detect irriga-
tion, especially if a dry season image is used, 
since non-irrigated vegetation presents severe 
stress due to lack of water. However, pixel spa-
cing coming from ASTER is too small for the 
typical parcel size in the zone. Nevertheless, the 
typical crop in this area is olive tree, vineyard and 
fruit tree. All these are long-term crops and they 
usually remain through the years. 

Then, crop classification could be done in two 
steps. First, the type of crop could be obtained 
performing segmentation on high resolution 
data (RGB aerial image) disregarding the irriga-
tion (see Fig. 11). Secondly, an irrigation study ta-
king into account the previous crop information 
could be performed continuously using ASTER 
data (VNIR and SWIR sensors). The procedure 
is similar to the crop classification described in 
the previous section, but only two classes must 
be detected now: irrigated and non-irrigated 
crop. The irrigation detection is carried out with 
each crop type, and afterwards post-classifica-
tion procedures like parcel integration may be 
performed. 

The final global classification is shown in Fig. 12 
b) compared with the ground truth in Fig. 12 a). 
The results, shown in Fig 12 and Table IV, are very 
successful and they may be repeated systemati-
cally, since the irrigation information is coming 
from the ASTER satellite acquisition that is much 
more flexible and systematic than the aerial ima-
ge that is used for segmentation and classifica-
tion of crop type in each parcel.

different land covers if only a single date image 
is used. In order to overcome this problem, seve-
ral images of different dates are employed, thus 
improving the accuracy of the classification. 

Different methods for multi-temporal crop clas-
sification have been developed before in some 
regions of Spain using Landsat images (see [16] 
and [17]). However, the different techniques 
should be adapted and modified to satisfy the 
requirements of the specific campaign and the 
particular characteristics of the crops and irri-
gation methods of the area under analysis. A 
comparison among multi-temporal classifica-
tion methods using ASTER data was previously 
presented by the authors in [18] and [19] in the 
region of Novelda (Vinalopó basin).

The classification process is carried out in diffe-
rent steps, once the satellite images are selected. 
First, geometric and radiometric data correction 
is needed with the purpose of eliminating any 
possible image anomaly including cloud and at-
mospheric artifacts. Several radiometric correc-
tion methods based on relative techniques have 
been tested and the best one has been selected. 
The selected method is based on the minimiza-
tion of the differences between pixels that are 
considered as invariant through the images. In 
our study, an adaptation of the no-change Simple 
Regression (see [20]), which basically substitutes 
the simple Least Squares Regression by a Mean-
Standard Deviation technique, has been carried 
out. Then, a non-supervised classifier is used in 
order to identify spectrally pure regions that 
are used to train the supervised classifier. Some 
ground observations are needed at this point in 
order to properly define the training regions and 
to choose the final classes in the legend.  

Several supervised multi-temporal classification 
methods including change detection have been 
compared and presented in [19]. The sequential 
masking method proposed in [21] has been also 
implemented and evaluated. Finally, two me-
thods based on change detection coming from 
image differences and image quotients have 
been also carried out. The best performance is 
given by the simplest method that treats diffe-
rent dates as extra bands and applies a majority 
filter after classification. Finally, a thematic map 
obtained from the best algorithm obtained is 
shown in Table II and its legend in Table III. Some 
classes like water are very well characterized, but 
some others like the irrigated arable lands pre-
sent poor results.

 Table II. Confusion matrix (%).

 Table III. Legend for Table II.
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pixel size. Fig 13 b) shows the classification after 
segmentation in search of man-made construc-
tions and swimming pools. Fig. 13 c) shows the 
same scene from TerraSAR-X SAR data at 1.5 m 
pixel size. In this case, the SAR image is not very 
clear, only the roads and some buildings are visi-
ble with very low and very high values of backs-
cattering values respectively. However, this data 
may be of interest to help the segmentation and 
classification process that may be very complica-
ted when the building roofs somehow coincide 
in the visible range with the surrounding soil.

Another comparison between optical and SAR 
data is presented in Fig. 14. In this case, the city 
centre of Villena is imaged with aerial RGB data 
(0.5 m of pixel size) and TerraSAR-X data (1.5 m 
of pixel size). Now, the building structure is much 
more visible in the SAR image, and this could 
contribute to help the segmentation and classi-
fication algorithms working on high resolution 
RGB data.

8. Change detection  
and data fusion

The detection of man-made constructions using 
high resolution images is an interesting appli-
cation for governments and town councils. The 
change detection for the search of illegal buil-
ding work may be carried out using high resolu-
tion data and a segmentation process. In Fig 13 a) 
we show the original aerial image with 0.5 m of 

 Figure 11. Aerial image of a crop area in Villena in a) and a segmentation crop classification in b).

 Figure 12. Classification in Villena area: ground truth in a) and two-step classification results in b).

 Table IV.  Accuracy in the detection of irrigation in 
an area of Villena.

The detection 
of man-made 
constructions 
using high 
resolution 
images is an 
interesting 
application 
for govern-
ments 
and town 
councils.



42 ISSN 1889-8297 / Waves  ·  2009  ·  year  1

References

[1] E. Chuvieco, Teledetección ambiental: La ob-
servación de la Tierra desde el espacio. Ariel, 
2008.

[2] J. C. Curlander and R. McDonough, Synthetic 
Aperture Radar Systems and Signal Proces-
sing. John Wiley and Sons Inc., 1991.

[3] K. L. Liu and W. E. Arens, “Spacecraft on-board 
SAR image generation for EOS-type missions”, 
IEEE Transactions on Geoscience and Remote 
Sensing, vol. 27, no. 2, pp. 184-192, 1989.

[4] A. Vidal and M. Ferrando, “On-Board medium 
resolution SAR processing for fast image ge-
neration”, International Journal of Remote 
Sensing, vol. 25, pp. 161-176, 2004.

[5] A. Vidal-Pantaleoni, R. Oviol, and M. Ferrando, “A 
comparison of phase unwrapping techniques 
in Synthetic Aperture Radar Interferometry”, in 
Proc. IGARSS’99, pp. 1354-1356, 1999.

[6] A. Vidal-Pantaleoni and M. Ferrando, “A new 
spectral analysis algorithm for ScanSAR and 
medium resolution SAR data processing wi-
thout interpolation”, in Proc. IGARSS’98, pp. 639 
-641, 1998.

[7] A. Vidal-Pantaleoni and M. Ferrando, “A com-
parison of SAR processing SPECAN techni-
ques for efficient ScanSAR image generation”, 
in Proceedings of the SPIE vol. 3497, pp. 31-42, 
1998.

[8] H. H. Arsenault and G. April, “Properties of 
Speckle integrated with a finite aperture and 
logarithmically transformed”, Journal of the 
Optical Society of America, vol. 66, no. 11, pp. 
1160-1163, 1976.

[9] J. C. Dainty, Laser Speckle and Related Pheno-
mena. Springer-Verlag, 1984.

[10] A. Vidal-Pantaleoni, D. Martí, and M. Ferran-
do, “An adaptive multiresolution method for 
speckle noise reduction in synthetic aperture 
radar images”, in Proc. IGARSS’99, pp. 1325-
1327, 1999.

[11] A. Vidal and D. Martí, “Comparison of diffe-
rent Speckle reduction techniques in SAR 
images using Wavelet transform”, Interna-
tional Journal of Remote Sensing, vol. 25, pp 
4915-4932, 2004.

9. Conclusions

This paper presents the current and near future 
activities developed by the Microwave Applica-
tions Group GAM, within the Instituto de Teleco-
municaciones y Aplicaciones Multimedia (iTEAM). 
Research lines related to SAR image formation 
and optical data interpretation for various pur-
poses have been presented; the selected appli-
cations have been crop classification, irrigation 
detection and change detection in search for 
illegal constructions. The deployment of accura-
te and precise new sensors on board spatial pla-
tforms using optical and microwave frequencies 
paves the way for a wide variety of new appli-
cations that users are demanding increasingly. 
Promising results using per object classification 
with aerial ortho-rectified imagery could be 
improved by an intelligent combination of SAR 
data and submeter resolution satellite images. 
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