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CONCLUSIONS 

The main goal of this Ph.D thesis was the improvement of spatial resolution in Thermal 

Infrared, Visible and Near Infrared spectral regions. To achieve this purpose two different 

methodologies have been developed.  

Concerning the improvement of spatial resolution in the thermal infrared, the SWTI algorithm 

has been applied to ASTER and MODIS images.  

For ASTER application, a methodology for the analysis of surface temperature maps of 

coastal waterbodies and watercourses for water quality assessment and for regulatory 

purposes has been developed. This methodology allow to make three kinds of analysis: (a) the 

extraction of the spatial polygons describing the temperature field of waters near coastlines; 

(b) the extraction of the temperature profiles along polylines parallel to the coastlines and at a 

fixed distance from them; (c) the extraction of the mean cross-sectional temperature along the 

watercourses axis. This methodology has been applied to two areas of interest: the lagoon of 

Venice and the delta of the Po river. Results obtained from the application of the methodology 

indicate that the implemented procedures can be valuable tools for the study of water thermal 

pollution, for water quality assessment, and to verify compliance with legal limits. In 

particular, the use of these procedures facilitates the individuation and quantification of the 

thermal impact of industrial heat discharge both in the sea (thermal plumes) and in 

watercourses. Results obtained were also compared with ground truth measurements provided 

by the MAV (Magistrato delle Acque di Venezia). The correlation between temperatures is 

98% and the maximum bias observed is 1.5°C. This bias is probably due to temperature 

vertical stratification in waterbodies that makes very difficult to compare surface temperature 

(from remote sensing data) with bulk temperature (from ground measurements). 

Unfortunately these are few data to validate the effectiveness of the SWTI algorithm, 

therefore more robust data set will be used to reinforce validation. This was done in the 

second application with MODIS images 

MODIS images were principally used to validate SWTI algorithm. SWTI improve spatial 

resolution of MODIS image from 1000 m to 250 m. Areas of interest are the same of ASTER 

images. In this way, ASTER images have been used as reference images to validate the SWTI 

algorithm and to evaluate its effectiveness. In this comparison a temperature maps obtained 
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by simple first order polynomial smoothing (FOPS) has also been included. Visual 

comparison show a considerable improvement of the spatial resolution between the SWTI 

image and the FOPS image. The numerical comparison between the thermal mapping 

obtained from MODIS and ASTER sensor show a maximum bias of 1°C. This is a 

satisfactory result compared with the accuracy of the two sensors. The comparison with 

ASTER images allow to confirm one of the SWTI limit: thermal patterns of sizes smaller than 

the TIR MODIS spatial resolution (1 km) cannot be identified.  

Concerning the improvement of spatial resolution in the visible and near infrared spectral 

regions, data fusion techniques have been applied to a MIVIS hyperspectral image and a 

Quickbird multispectral image. The purpose of this application was to find a good pan-

sharpening algorithm for the a sensor called PRISMA projected by Italian Space Agency. The 

pan-sharpening algorithms most commonly used in the scientific literature have been tested. 

To assess the maintenance of spatial and spectral information of pan-sharpening algorithm, 

different quality metrics not have been used. First of all, a visual inspection has been 

performed for an initial analysis related to the preservation of spatial information. Principal 

component algorithm preserve the spatial information both in MIVIS and Quickbird 

application, while the wavelet-based methods introduces distortions in the spatial information. 

Then all the quality metrics computed have been combined together to provide a final rank of 

the pan-sharpening algorithm. It is necessary to emphasize that every statistic/index provide 

different information about which is the best method of image fusion. An analysis of a table 

reporting a battery of quality index values may yield nothing but relative (subjective) 

conclusions about the competing algorithms/products. Nonetheless, these relative conclusions 

are interesting as they are based on weak (arbitrary, subjective), but numerous  measures of 

quality that reasonably approximate the characteristics of real world applications (Baraldi et 

al., 2006). This the final ranks obtained in this work are different between Quickbird and 

MIVIS application. Concerning the hyperspectral MIVIS image, wavelet based methods are 

in first places for spectral content preservation while concerning multispectral Quickbird 

image, Gram-Schmidt algorithm is the best. This difference may be due to the different 

number of bands processed and to the presence of the Quickbird filter function in the pan-

sharpening procedure (this had not been possible for MIVIS sensor).  

However the quality assessment of pan-sharpened images is still an open problem. Thus 

currently a new protocol is under development to evaluate the preservation of spatial and 

spectral information in fusion methods. This new protocol should overcome the limitations of 
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existing alternative approaches and be robust to changes in the input dataset and user-defined 

parameters. Furthermore new pan-sharpening algorithms, such as hybrid methods will be used 

in the coming months to preserve both spatial and spectral information. 
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