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Spaceborne and airborne remote sensing plays a key role in environmental monitoring, since
it allows to monitor large surfaces in near real time. Currently remote sensing finds numerous
applications in various fields such as agriculture, topography and cartography, environmental
monitoring, risk analysis, telecommunications, etc.. These applications often require data with
a high spatial resolution and a high spectral resolution. For economic reasons and constructive
reasons, however, it is not always possible to have this kind of data. In particular, the main

limiting factor of remote sensed data is the spatial resolution (pixel size).

My Ph.D work fits into this context. Two separate studies were carried out for the
improvement of the spatial resolution of satellite images: the first based on images acquired in
the thermal infrared region, the second related to the pan-sharpening of multi- and hyper-

spectral images.

In the first case a new algorithm called SWTI (Sharpening Water Thermal Imagery) has been
applied to ASTER and MODIS images. SWTI is devoted to the sharpening of temperature
maps of water surfaces along coastlines and of watercourses, where the presence of mixed
(water —soil) pixels is a very problematic aspect. ASTER and MODIS are two sensors located
on the Terra satellite. Regarding ASTER sensor, the algorithm was applied to improve the
spatial resolution of remote sensing data from 90 to 30 meters on the areas of the Lagoon of
Venice and the Po River Delta. These applications have been used to evaluate not only the
effectiveness of the algorithm but also to define a methodology for the analysis of the surface
temperature maps of coastal waterbodies and watercourses for quality assessment and for
regulatory purposes. MODIS images were also included in the study as they are freely
available to all users, and furthermore the data are provided continuously with a complete
coverage of the globe every 1-2 days. SWTI in this case has allowed to improve the spatial
resolution of the images in the TIR bands from 1000 to 250 meters. The two areas of
application are the same of ASTER images. ASTER data were used in this study as reference
ground truth data for a comparison with MIVIS images processed by SWTI algorithm. In this
way it is possible to evaluate the effectiveness of SWTI algorithm.

The second study is part of the Italian Space Agency project “ASI-AGI” (Analisi Geofisiche
Integrate). This project includes the study of a new platform, called PRISMA, consisting of an

hyperspectral sensor (HS) and a panchromatic sensor (PAN). Hyperspectral channels have a
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spatial resolution of 30 m and cover a spectral range from 0.4 to 2.5 um. Panchromatic
channel has a spatial resolution of 5m and cover a spectral range from 0.4 to 0.75 um. The
study is concerned with the development and implementation of data fusion techniques for
PRISMA images, in particular the field of application of data fusion usually known as pan-
sharpening. This is the synthesis of hyperspectral images to the higher spatial resolution of the
panchromatic image. The fused HS images should be as close as possible to those that would
have been observed if the corresponding sensors had the spatial resolution of the
panchromatic sensor. Firstly, PRISMA images have been simulated using images from
MIVIS and Quickbird sensors, two hyper - or multi -spectral sensors with spatial and spectral
characteristics similar to PRISMA. Then several existing fusion methods have been tested in
order to identify the most suitable for the platform PRISMA in terms of spatial and spectral
information preservation. Both standard and wavelet algorithms have been used: among the
former there are PCA (Principal Component Analysis) and Gram-Schmidt transform, and
among the latter are DWT (Discrete Wavelet Transform) and the “a trous” wavelet transform.
Several numerical parameters have been used to assess the quality of the image fusion
methods, such as RMSE (Root Mean Square Error), ERGAS (“Erreur Relative Globale
Adimensionnalle de Synthése”), correlation coefficients, histogram based metrics and

classification based metrics.

This Ph.D thesis is divided into three parts: Chapter 1 provides an overview on the parameters
of interest in remote sensing and on the main purposes of this work; Chapter 2 concerns the
improvement of the spatial resolution in the Thermal Infrared region using the SWTI
algorithm and Chapter 3 is focused on the improvement of the spatial resolution in Visible
and Near Infrared regions using pan-sharpening techniques. Finally, the conclusions are
provided and acronyms used in this thesis are listed for a better understanding of the text.



