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1. Introduction 
 Satellite image data provide maps of the surface of the earth that are detailed, uniform and spatially comprehensive 
over wide areas. Moreover, the capability of acquiring images repeatedly over the same area, enables satellite data to be 
suitable candidate for risk monitoring, management and mitigation. Satellite imagery potentially fulfils the requirements 
for ground deformation monitoring and change detection. Although differential interferometry represents an assessed 
technique, recent studies have proven panchromatic satellite imagery useful for ground deformation monitoring (Michel 
and  Avouac, 2002; 2003).  
 In the fame of the SVO project (Briole, 1998), an image correlation technique has been tested over volcanic areas 
(Stromboli island, Italy). Ground deformation analysis is the aim of the technique applied. Correlation analyses is 
performed by MEDICIS software (CNES, 2000). The results are still preliminary but they represents a step more towards 
active volcanic deformation monitoring, which would be one of the aims of SVO.   
 
 
2. Advantages 
 Image correlation technique relies on the statistical analyses of two sets of data (i.e. panchromatic imagery). Analysed 
images are acquired before and after a deformation event. Surely a time-series dataset could be used, instead of two 
images only. The advantages of using satellite data are manifold. The ‘before’ images are available and continue to 
accumulate in image libraries. The ‘after’ images could be ordered as needed for any location of the world. Political 
factors do not exist and the data are spatially comprehensive. Particularly over volcanic areas, satellite data represents a 
unique source of data. In fact, volcanic areas often represent dangerous areas, difficult to be accessed for routine data 
collection. Moreover, since differential interferometry presents severe limitations (i.e. due to data decorrelation, signal 
saturation and general inabilities of near-fault displacement measurement), image correlation could be a valid 
complementary technique for ground displacement monitoring (Van Puymbroeck et al., 2000). 
 
 
3. General approach 
 The premise of image correlation method is that areally extensive, subresolution spatial differences in ground patterns 
between images acquired at different times could be measured accurately to high precision. Moreover, these differences 
could be distinguished from systematic image differences, such as those due to the sensor attitude variation. Each pixel 
value is a measure of radiance weighted at subresolution scales by the point spread function that is imposed by the 
atmosphere and sensor optics. Therefore, each pixel value is variable in relation to its geographic position. Thereby, each 
pixel value indirectly measures geographic positions at subresolution scale. This idea has been firstly developed at Jet 
Propulsion Laboratory (Crippen, 1992) and then developed and applied not only in geophysical researches (Michel and  
Avouac, 1999, 2002, 2003) but also in environmental-related studies (Yamaguchi et al. 1999; Kaab, 2002).   
 The general approach is to mach spatially the ‘after’ image to the ‘before’ image at each point on a grid. The technique 
is based on iterative interpolation of the ‘after’ image, testing its correlation with the ‘before’ image at each step by 
means of a moving window. The offset is measured in the Fourier domain. The algorithm analyzes the phase difference 
in the local instantaneous frequencies of the images. Therefore, uncommon high radiometry accuracy is required. Spatial 
variations on the results correspond both to changes in the ground surface and to image distortions. Image distortions 
could be due to distances between the orbits, viewing angles, attitude of the platform, geometry of the detectors and 
topography. Each of the aforementioned distortions could be modelled and accurately removed (Van Puymbroeck et al., 
2000). In particular, differences in topography (i.e. eventual parallax effects) could be modelled and removed by the use 
of accurate digital elevation model (DEM). In relatively flat areas, the use of the DEM could be avoided, as the 
preliminary tests have shown.  
 
 
 



4. Initial tests 
 Preliminary tests have been performed both on synthetic images and aerial pictures. In both cases, the imaged area 
represents volcanic environment. The tests have been performed in order for us to approach the ground deformation 
monitoring issue as simulation of SVO operativity. Synthetic images reproduce part of Piton de la Fournaise volcano (La 
Reunion island, France) while aerial pictures image La Sciara del Fuoco area (Stromboli volcano, Stromboli island, 
Italy) and Piton de la Fournaise summit. Further SVO simulations will be performed soon on Quickbird imagery over 
mount Etna (Sicily island, Italy). 
 
 
4.1. Experiments using synthetic images 
 This experiment could be seen as a first attempt to find a methodology to retrieve ground deformation from non-
orthorectified images, when no information about the camera position is available. Moreover, this experiment aims to 
help in the understanding of Medicis outputs  in the case of ground deformation analyses.  
Three synthetic images (SI) has been created for the purpose of this experiment (size 427x408 pixels). Since the 
processed images are synthetic, this experiment represents an ideal case study. Three images, A, B and C have been used 
in this experiment. The images are shown in the figure below (fig 1). The images has been extracted from Piton de la 
Fournaise DEM, La Reunion island. The SI choice criteria are the following: 
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Fig 1. Input images. Clockwise description : 
A)Reference image (no deformation) 
B)Slave image (no deformation, tilted 
northward) 
C)Slave image (synthetic deformation 
applied) 
 
 
Below here, ther is an example of 
defofmation applied on the slave image ‘c’ 
(red circle). 
 



 Image A represents the study area. It shows a typical volcanic environment. Image B represents the same study area as 
in A, but viewed from different camera position. We suppose that no deformation has occurred between the acquisition 
of A and B. Therefore, those two images differ by the view angle only. Note that there is not only a traslation between A 
and B, but also there is a tilt. The tilt simulates a different image capture geometry, say, a different satellite pass.  
 Image C represents the sudy area as viewed in B. Image C has been digitally deformed. Therefore, image C represents 
the post-deformation image. The deformed area is shown in the red circle (fig 1). It has been thought as a  ‘collapsing’ 
simulation. The strenth (-8) and kind of spherical deformation is shown in figure 1 as well. Note that the digital 
deformation applied in image C, is 2D deformation. It only simulates 3D deformation. While the tilt applied in image B 
is real 3D tilting. This 2D/3D digital deformation issue is crucial for interpreting the results. 
 
 
4.1.1. Workflow 
 The processing methodology could be summarised as follow (sheme I): 
 
-measuring the shift between A and B (Medicis), using A as master image; 
 the output shift in lines and columns is due to different view-angle between A and B, which is the cause of tilting and 
topographic effect; 
-measuring the shift between A and C (Medicis), using A as master image; 
  the output shift contains information about tilting, topography and deformation. Since  
  B and C have the same view angle, we could go further to the next step: 
-subtraction between outputs of step 2 and outputs of step 1;  
Common information (topography and tilt) are deleted, we are able to retreive ground deformation. 
 
 
 

 
 
 
 

       scheme I 
 
 
 
Moreover, in order for me to have a reference, I computed the shift between B and C, using B as master image. The B-C 
output shift is then used to assess the results of the workflow prviously described. 
Some preliminary results are presented in figure 2a-d.  
 
 
 



 

 
 



 
 
 
 



 
 
 
4.1.2. Results 
 The results are qualitatively shown in figure 2a-d. A brief description of each image is reported at each step. It is 
interesting to notice that figure 2a, which represent differencies between image B and image A, and figure 2b, which 
represent differencies between image C and image A, have radical differencies. Since image B and image C differ by the 
deformation area only, figure 2a and figure 2b were expected not to have such clear differencies. The reason of those 
clear differencies might be found in the magnitude of deformation applied in image C. In fact, the magnitude of 
deformation in C is much higher than the tilt between image A and image B. Therefore, deformation is much more 
enhanced. Obviously this example is ideal. Anyway, as a result, even if we consider a more realistic case, in wich ground 



deformation is far less whatever tilting, it should be possible to discriminate among topography, tilt and deformation. In 
principle.  
 Figure 3 represents the magnitude of the retrieved deformation. The magnitude of the displacement has been 
calculated by SQRT(shift_lines²+shift_columns²) as a first guess.  
Particular attention should be paid to this SQRT operation because its results are always positive in terms of signs. 
Therefore, there are no information about directions. The magnitude-image histogram values range from 0 to 9. As a first 
approximation, this result is consistent in modulus with the magnitude of syntethic deformation pattern (strenght: 8).  
 The deformation that I have applied is bidimensional -and has been applied to the image as if you could see the 
deformation from the very top-. Therefore, it is reasonable that the pixels in the centre of the deformation sphere have 
not moved in respect to the point of view. They have rather changed scale instead of position. Therefore, the centre show 
almost zero deformation, as shown in the figure 3 and 3a.  
 
 
4.1.3. Discussion on syntetic test 
 The experiment presented in this report has been performed to gain an understanding of Medicis’ outputs, mainly. 
Moreover, it helped in the design of a working strategy in terms of ground deformation monitoring and image 
correlation. Even though ideal, this experiment has shown that correlation analysis is sensitive to deformation between 
non rectified images, if deformation is far higher than tilting magnitude (topography). This results is strictly scene 
dependent. In fact, in the sinthetic images A, B and C,  topography is quite smooth. Therefore, tilting and deformation 
could be clearly separated from each other.  
 Even though synthetic, A, B and C, represent part of a DEM. The DEM itself represents real case topography on 
volcanic environment. Therefore, in a real case, it might be possible to correlate images according to the path described 
in this report.  
In a real case study, it could be possible to work as follow: 
-retrieve information about tilting between two images using correlation on a stable area only.    
-create a model of the tilt, to be extended to the entire image. 
-remove the modelled tilt from the slave image 
-correlate again master and slave image 
This method could work for small areas on high resolution images (around a fracture, for instance) if the topography is 
smooth enough. 
 
 
4.2. Experiments using aerial pictures on Piton de la Fournaise volcano 
 In this experiments two set of orthophoto has been used. The orthophoto image Piton de la Fournaise summit area. The 
orthophoto has been produced by the use of 10m grid DEM along with a number of kinematic GPS points. The 
orthophotos have been acquired in two different moments. The first one, has been acquired during 1989 IGN (Institute 
Geographique National) survey. The second one, has been acquired during 1997 IGN survey (fig 4.2). Therefore, 8 years 
have passed between the first and the second acquisition. In those eight years, several eruptions took place on Piton de la 
Fournaise (1990, 1991, 1992). In this study, we attemped to gain some measurements by means of image correlation 
technique. 
 
 

         
 
 
 
 
 

Figure 4.2.  
Orthophotos (2048x2048 pixels) 
used in the experiment. 



4.2.1. Results on Piton de la Fournaise volcano 
 The original orthophotos have been subsetted. The subset window covers the summit area of Piton de la Fournaise. 
The subset window is 2048x2048 pixels size. Regarding the correlation window, several window dimensions has been 
tested. 31x31 correlating window seemed to be the most appropriate. The result are shown in figure 4.2.1. The output 
grid represents indipendent measurements every 16 pixels. 
 Image 4.2.1 shows the shift in colums (a) and lines (b) found by image correlation technique. 1989 orthophoto has 
been used as reference image (assuming zero deformation) while 1997 orthophoto has been used as slave image. 
Therefore, the shift represents relative changes.  
 
 

 a      b 
 
 
 The results shown above are just preliminary. They suggest south-eastern extension based on N-S fractures spreading. 
In pictures 4.2.1, uncoherent pixels has not been removed. Uncoherent pixels are due to different illumination angle and 
intensity, mainly. Moreover, uncoherent pixels are due to random environmental changes (e.g. young lava flows). 
Furthermore, poor radiometic quality in the original images strongly drives uncoherence in particular areas. Fig 4.2.2. 
gives an idea about coherent/non-coherent pixels in the present experiment. Moreover figure 4.2.2a show the potential 
for lava flow mapping using coherence imagery. This issue will be discussed in a different report. 
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4.2.2. Discussion on Piton de la Fournaise correlation 
 The data presented here, are undergoing further improvement, analyses and interpretation. Nevertheless, the efficiency 
of correlation technique has been proved. As a first overlook, the results presented here are consistent with GPS 
measurements over the same 1989-1997 period. Accurate comparisons have still to be done, though. Accurate 
comparison is going to be the next issue in this research.  

 

 

Fig 4.2.1 
Shift in colums a) and 
lines b) between 1998 
and 1997 orthophotos. 
The values in the colour 
table account for 
incoherent pixels as well 
(extreme values, not to 
be considered). 

Fig 4.2.2 
Coherence between 1989 
and 1997 orthophotos a).  
Zero means nocoherence. 
Binary mask b). Values 
higher than 0.3 are plotted 
in white. These images 
show good coherence. 



4.3. Experiments using aerial pictures on Stromboli volcano 
 Three sets of data have been used in this experiment. This time, orthorectified aerial panchromatic pictures have been 
used for correlation analyses. The aerial pictures represent Stromboli volcano area. The pictures have been acquired 
across periods of ongoing activity on Stromboli volcano. Each image has a spatial resolution of 0,2 m. The first one has 
been acquired April the 14th 2003, the second one on May the 26th 2003 and the third one on June the 16th 2003.  
 
 
 

a     b 
 
 
 
 
Those images represent a small fraction of the numerous aerial pictures collected during the Stromboli crises in 2003 
(period January-June 2003). Nevertheless, we could only access those three orthorectified aerial pictures. The aerial 
pictures have been orthorectified by means of re-sampling to a DEM (5 meter grid). Pre-processing, including scanning 
and orthorectification, has been performed at Geophysics Department, University of Bologna to which we are thankful 
for collaborating.  
 A preliminary visual inspection reveals differences in radiometry among the images (fig 4, a, b, c). The differences are 
mainly due to different solar illumination, in terms of both intensity and direction. Moreover, the May picture show 
anomalous fringes. Those fringes are the result of interferences among actual image pixel size and output scanning 
resolution (fig 4c). As a result, correlation procedure on May image is misleading, being the image corrupted. Therefore, 
correlograms regarding May-June, May-April will not be presented in this report. 
 
 

 
 

Fig 4c. May the 26yh orthophotos. Note in the frame 
some fringes due to interferences during the scanning 
procedure. 

Fig. 4. Orthophotos of La Sciara del Fuoco, Stromboli Volcano, Italy. a) April the 14th 2003, b) June the 16th 2003.



 Correlation analysis has been performed on two orthophotos only, April and May. The results are shown in figure 5. 
The validity flags range from –9 to 1. The validity flag image visually reveal where the correlation values where above 
or under a given threshold. In our case, we assigned a value of 1 (white in the validity flag image) to all the correlation 
values above 0.4. Therefore, it is possible to locate coherent and non-coherent areas by means of masking (fig 6). 
According to this procedure, it is possible to notice errors or ‘shifts’ in coherent areas. Shift in coherent areas could be 
due to both fluctuations in the orthorectification procedures and actual changes in stable areas surface. Accurate 
discrimination among those changes will represent further step in this research. The shift generally ranges from –15 to 
+15 pixels in both columns and lines. This is just a first approximation because areas of non coherent pixels usually 
result in high displacement values, which have not to be taken into account instead. 
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Fig. 5. Outputs o the correlation analyses. The frames in image a-d represents the N-W part of the image only. a) East-West shift component, 
b) North-South shift component, d) precision criteria image, d) validity flags mask, white areas represents good coherence between the two 
images.  



4.2.1. Results using aerial pictures on Stromboli volcano 
 In order for us to have a clearer idea about the shifting between the two datasets, validity flags have been used as 
mask. The results are shown in fugure 6. It is immadiately clear that there is a certain amount of shifting even in the 
supposed ‘stable’areas (western flank of Sciara del Fuoco). On the other hand, almost all Sciara del Fuoco is incoherent 
having superficial changes affected this area in two months time. The amount af shift in coherent areas ranges from 0 to 
18 pixels, which makes a maximum shift of 1.60 meters in magnitude. The area in the red lines represent part of a 
landslide. As a first guess, it is possible to guess the absolute shifting in this landslide front (Fig 6, red lines area).  
 
 

 
 
As presented in the previous paragraph, the results too noisy. Noise is due to misscorrelation in areas of big 
environmental changes. In the case of Stromboli, changes are so drastic that they result in uncoherence. Uncoherence 
appears for many reason. Firstly, it is due to radiometric differences in the original images. This kind of incoherence is 
generalised over the entire image extent. This kind of incoherence could even present patterns or gradient. Secondly, 
incoherence between two datasets could be generated by random changes in the surface. 

 
 
 
 
 
 

FIG. 6. Absolute  magnitude of the shift in 
coherent areas only.  The shifting ranges from 0 to 
1.60 meters. Shifting from 0 to 1.20 meters 
represent the 90% of the data. The red lines area 
shows a maximum shifting between 0 and two 
pixels in average, wich makes 0 to 0.4 meters 
shifting.  
Gray areas in the image represent masked non-
coherent pixels.  

Fig. 7. Example of map of coherent-non coherent areas. The interpretation is not staightforward because incoherence might be due to several 
different phenomena (differences in solar illumination, seasonal changes, volcano-related phenomena). This map has been created from two sets 
of data only. Having a time series imagery, stable, non stable areas could be identitied accurately. 



In our case, random changes are well localised in la Sciara del Fuoco area. In this area, there has been both a ladslide and 
a lavaflow covering the surface. On the one hand, lavaflows change patterns during subsequent eruptions. Moreover, 
they are fastly eroded, generating random changes in the surface. On the other hand, the landlide has undergone major 
changes in its surface since two months have passed between the acquisition of the two aerial pictures (La Sciara del 
Fuoco is very steep surface). These factors generate uncoherent areas. Uncoherent areas could be helpfull for mapping 
areas within wich surface processes have acted (fig 7).  
 
 
5. Future work 
 The observation made in this report just show the potentiality of image correlation technique. More has to be done, in 
order for us to improve the results. 
 Regarding Stromboli, time series orthorectified aerial pictures will soon be available for processing. Those orthofoto 
cover the Stromboli crise period, from early January to late June 2003. The pictures have been acquired on  January the 
16th, January the 27th, February the 6th, March the 16th, April the 14th, may the 29th, june the 16th. Moreover, we could 
work to improve the quality of the pictures acquired on May the 26th. This part of the project, counts on the collaboration 
with Geophisics Department, University of Bologna. The frequent coverage of these aerial pictures would assure both 
reduction of incoherent areas (during image correlation process) and a valid simulation of SVO tasks.  
 Aerial pictures are available for Piton de la Fournaise volcano, La Reunion Island. Ipgp has a high number of aerial 
pictures acquired across volcanic crises periods. Thanks to their high resolution (0.20m), aerial pictures suites the 
requirement for simulating SVO datasets. 
 Further step towards SVO simulation for ground deformation retrieval, would be the use of Quickbird (QB) imagery. 
Two QB dataset have been recently acquired. The data cover 10x10 km area over Etna volcano, Italy. QB data are in 
RAW format , 70 cm nominal pixel size. The dataset have been acquired before and after 2002-03 Etna crise 
respectively. Therefore, they suite the requirement for ground deformation monitoring by image correlation.  
 
6. Conclusion 
 The results presented in this report are just preliminary results. Although preliminary, the data are undergoing 
processing improvement. The results show that the processing should be controlled at each step in order for us to have a 
complete scenario of error sources and propagation. Moreover, images radiometry should be carefully preserved in every 
step of the pre-processing (i.e. scanning and ortho-rectification) otherwise affecting correlation procedure. By the way, 
this is why SVO would be important (improved radiometry accuracy, stereo capability, frequent repeat cycle). 
Potentially, we could follow and control each step of the processing. Starting from raw stereo data, we have tools and 
skills for creating high accuracy DEMs. DEMs accuracy would be controlled and improved by the use of static and 
kinematic GPS (Global Positioning System) measurements. High standard orthorectification could be performed by the 
use of tools such as PCI-orthoengine software. Afterwards, image correlation technique would be performed. The results 
could be even assessed against interferometric measurement  where possible. 
 Problems of data decorrelation due to seasonal changes or differences in solar illumination would be intrinsically 
avoided by using SVO data themselves. In this frame, SVO could be routinely used for ground deformation monitoring 
and, more generally, for hazard assessment and mitigation, the main problem we have encountered relying on the 
acquisition of high resolution data as simulation of SVO imagery. 
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