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ABSTRACT
This paper describes a Persistent Scatterer Interferometry procedure to process Sentinel-1
SAR data. Its most original part includes a set of tools to perform two key processing stages:
a first 2 + 1D phase unwrapping, prior to atmospheric filtering, and a second 2 + 1D phase
unwrapping, to generate the deformation time series. These tools address two fundamental
aspects of a Persistent Scatterer Interferometry processing chain: the quality control of the
intermediate and final results, and the generation of quality indices to characterise such
results. The effectiveness of the proposed tools is illustrated using a case study located in
Catalonia (Northern Iberian Peninsula).
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Introduction

Persistent Scatterer Interferometry (PSI) is a powerful
radar-based remote sensing technique able to mea-
sure and monitor displacements of the Earth’s sur-
face. For a general PSI review see Crosetto,
Monserrat, Cuevas-González, Devanthéry, and
Crippa (2016). This paper describes a procedure to
process and analyse PSI data coming from the
C-band sensors on board the satellites of the
Sentinel-1 (S-1) mission. This mission is the first of
the five missions that ESA is developing for the
Europe’s Copernicus Programme. It includes two
polar-orbiting satellites (Sentinel-1A and Sentinel-
1B) performing C-band Synthetic Aperture Radar
(SAR) imaging. The two satellites have been launched
on 3 April 2014 and 25 April 2016, respectively.

Compared to previous C-band missions, the two
S-1 sensors have enhanced data acquisition through-
put (Torres et al., 2012), which results in an increased
deformation monitoring potential. By using the
Interferometric Wide Swath (IWS) mode, which is
the standard S-1 acquisition mode over land, the S-1
sensors acquire data with a swath of 250 km using the
TOPS (Terrain Observation by Progressive Scan)
imaging mode. A key characteristic is given by the
revisiting time: S-1A alone has a 12-day revisiting
cycle, while the cycle becomes 6-days using the twin
satellites S-1A and S-1B. This represents a remarkable
improvement with respect to the revisiting time cap-
ability of previous missions, like ERS and Envisat.
This results in a reduced temporal decorrelation of
the SAR data. An additional important characteristic

of the S-1 data is the reduced orbital tube with respect
to previous SAR missions: in case of S-1 this tube has
an approximate diameter of 100 m, while for ERS and
Envisat the tube was of several hundreds of meters
(Geudtner, Torres, Snoeij, Davidson, & Rommen,
2014). This results in a reduced geometric decorrela-
tion of the S-1 data (Gatelli et al., 1994). The reduced
temporal and geometric decorrelation caused an
enhanced coherence of the interferometric S-1 data.
A final important characteristic of the S-1 is that it
benefits from the free, full and open data policy
adopted by the Copernicus Programme. This is
a key element to foster data exploitation by academic
and commercial initiatives.

The potential of S-1 based PSI has been documen-
ted in the literature. Barra et al. (2016) and Barra
et al. (2017) use S-1 data for landslide detection and
mapping. A mega-landslide study is described in Dai
et al. (2016), while a tunnelling-induced landslide is
described in Bayer, Simoni, Schmidt, and Bertello
(2017). Different studies concern volcano monitor-
ing, for example see González et al. (2015) and De
Luca et al. (2016). Examples related to subsidence
monitoring are discussed in Crosetto, Devanthéry,
Cuevas-González, Monserrat, and Crippa (2015) and
Shirzaei, Bürgmann, and Fielding (2017). The mon-
itoring of mining-induced deformation is described
in Ng, Ge, Du, Wang, and Ma (2017), while a case of
infrastructure monitoring (long bridges) is described
in Huang, Crosetto, Monserrat, and Crippa (2017).
Novellino et al. (2017) assess the feasibility of
a nation-wide S-1 ground deformation mapping.
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The S-1 wide area coverage associated with its
short revisiting cycle result in the availability of big
volumes of data. This requires appropriate tools to
process and analyse these PSI data. In this paper we
propose a set of data processing and analysis tools
that are related to a key PSI processing step: phase
unwrapping. In particular, it refers to the so-called
2 + 1D phase unwrapping described in Devanthéry,
Crosetto, Monserrat, Cuevas-González, and Crippa
(2014). The proposed tools address two key aspects:

● The quality control of some data processing and
analysis procedures. This is an important aspect
while processing very large datasets: automatic
or, at least, semi-automatic procedures are espe-
cially useful.

● The automatic generation of quality indices to
characterise: (i) the intermediate PSI results; the
quality indices can be used in the subsequent
processing steps; (ii) the final PSI results; in this
case the quality indices represent a key input for
the exploitation and interpretation of the results.

The paper is organised as follows. Section 2 pro-
vides an overview of the entire data processing and
analysis procedure implemented by the authors.
Section 3 discusses in detail the proposed data analy-
sis tools related to the 2 + 1D phase unwrapping.
Section 4 describes the results obtained with a dataset
that covers Catalonia (Spain). This illustrates the
proposed data analysis tools and the deformation
PSI results obtained over the study area. Section 5
contains the conclusions of this work.

Overview of the entire procedure

The procedure used in this study is based on the
PSIG approach proposed in Devanthéry et al.
(2014). The PSIG chain, PSI chain of the Geomatics
Division of CTTC, which was mainly focused on
extending the PSI processing to wide areas, has been
successfully applied using X-band data (Devanthéry
et al., 2014). In this study, the chain is used with S-1
data collected in the IWS mode, that is data with
a 250-km swath acquired using the TOPS imaging
mode. Three sub-swaths are acquired by steering the
beam in range, while, by electronically steered the
beam from backward to forward in the azimuth
direction, several bursts are acquired. Therefore,
each of the three sub-swath images consists of
a series of bursts (sub-images). The bursts are syn-
chronised from pass to ensure the alignment of inter-
ferometric pairs. An IWS SLC product contains one
image per sub-swath and one per polarisation chan-
nel, for a total of three images for single polarisation,
or six images for dual polarisation.

We describe in the following the PSI procedure to
process S-1 interferometric data. The procedure

requires a large set of N SAR images and
a redundant network of M interferograms,
where M ≫ N. The full procedure consists in the
following steps:

● Pre-processing. Due to the TOPS characteristics,
the S-1 data need extra processing with respect
to the standard StripMap processing (Yague-
Martinez et al., 2016). This mainly affects the
image co-registration step which, due to the
high Doppler rate caused by the azimuth
antenna beam steering, needs to be very accu-
rate (1/103 pixels in azimuth, see Prats-Iraola,
Scheiber, Marotti, Wollstadt, & Reigber, 2012).
To achieve such an accuracy, a two-step process
has been proposed by different authors (Prats-
Iraola et al., 2012; Scheiber & Moreira, 2000;
Yague-Martinez et al., 2016): (i) a pixel-level co-
registration is carried out by using classical SAR
image co-registration methods. This can be
done using orbit information or cross-
correlation methods; then (ii) an accuracy
refinement is obtained by using the Spectral
Diversity (Prats-Iraola et al., 2012; Scheiber &
Moreira, 2000). The pre-processing is performed
burst-wise; it is then followed by a merging to
form sub-swaths of interferograms and ampli-
tude images.

● Selection of the set of Persistent Scatterer (PS)
candidates. We used the Dispersion of Amplitude
(DA) criterion, instead of the so-called Cousin PSs
(CPS), that is PSs characterised by a moderate spa-
tial phase variation to ensure a correct phase
unwrapping, which are described in Devanthéry
et al. (2014). One of the reasons to use the DA
instead of CPS is because the small S-1 orbital
tube causes smaller Residual Topographic Errors
(RTE) and hence a less error-prone phase
unwrapping.

● First stage of the so-called 2 + 1D phase unwrap-
ping. Firstly, a spatial 2D phase unwrapping using
the Minimum Cost Flow method (Costantini,
1998; Costantini, Farina, & Zirilli, 1999) is per-
formed over multi-looked interferograms. This is
followed by a 1D phase unwrapping performed
pixel wise over the M interferograms, which uses
a robust iterative least squares procedure (Baarda,
1968; Björck, 1996; Förstner, 1986). This proce-
dure works on the so-called residuals of the inter-
ferometric observation equations (with one
residual per each of the M interferograms), and
fully exploits the integer nature of the unwrapping
errors, see for details Devanthéry et al. (2014). It is
worth to note that this stage generates a set of
N unwrapped phase images, which are temporally
ordered in correspondence of the dates of the
processed SAR images. The specific data analysis
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tools related to this 2 + 1D phase unwrapping are
described in the following section.

● Atmospheric filtering. Using the unwrapped
phases images coming from the previous step,
an estimation of the Atmospheric Phase Screen
(APS) is performed using a set of spatio-temporal
filters (Berardino, Fornaro, Lanari, & Sansosti,
2002; Ferretti, Prati, & Rocca, 2001). The APSs
are then removed from the original interfero-
grams. This operation is typically performed at
full resolution, to carry out the subsequent pro-
cessing step using single look data. However, it
can also be performed on multi-look data.

● Deformation velocity and RTE estimation.
Using the method of the periodogram and
a linear deformation model, the deformation
velocity and the RTE are estimated from the
wrapped APS-free interferograms. An extension
of the two-parameter model can be optionally
used to account for the thermal expansion
(Monserrat, Crosetto, Cuevas, & Crippa, 2011).
The RTE phase component is then removed
from the wrapped APS-free interferograms.
Note that the same operation can be carried
out for the deformation velocity, which then,
in a later stage, is added back to the deformation
time series. The same procedure can be done
with the thermal expansion component.

● Second stage of the 2 + 1D phase unwrapping.
This step, which is performed on M APS- and
RTE-free interferograms, is used to generate the
final deformation time series. This stage gener-
ates, for each processed pixel, a set of
N deformation estimates, which are temporally
ordered in correspondence of the acquisition
dates of the processed SAR images. It is impor-
tant to underline that the time series generation
does not make any deformation model assump-
tion. The deformation velocity map is derived
starting from the time series. The data analysis
tools related to this stage are described in the
following section.

● The final step is the geocoding of the PSI results.

Analysis tools related to 2 + 1D phase
unwrapping

This section discusses the data analysis tools related
to the 2 + 1D phase unwrapping. The phase unwrap-
ping is performed twice in the PSI procedure: (i)
prior to atmospheric filtering and (ii) during defor-
mation time series generation. In the following, we
treat separately these two stages. The first stage,
which is prior to the atmospheric filtering, includes
the analyses detailed in the following.

1) Analysis of the 2 + 1D phase unwrapping resi-
duals. This is a data quality control step. The

analysis is carried out using the plot that dis-
plays the residuals (one residual for each inter-
ferogram) of each processed PS. Under optimal
conditions, such residuals go to zero at the last
iteration of the 2 + 1D phase unwrapping, indi-
cating that all the phase unwrapping errors are
properly detected and corrected. However, this
may not occur in at least two cases: the presence
of anomalous interferograms or images in the
processed dataset. Therefore, this analysis is
focused on two issues:

● Identify anomalous interferograms. They corre-
spond to large residual values in correspondence
to (at least) one interferogram. They can be due
to problems related to the interferogram genera-
tion. The typical action in this case is to identify
the anomalous interferogram, correct or remove
it from the dataset.

● Identify anomalous images. An anomalous
image, which can be typically due to errors in
the image extraction or image co-registration,
affects all the interferograms that contain it. It
is therefore identified by large residual values in
correspondence to a set of interferograms that
shares the same image. The action is identifying
the anomalous image, correct or remove it from
the dataset.

2) Control of the 2 + 1D phase unwrapping out-
comes. This is a data quality control step. Its
objective is to check the quality of the phase
unwrapping values coming from the first
2 + 1D phase unwrapping stage. Three classes
are defined, “Good”, “Fair” and “Warning”
(Devanthéry et al., 2014): if the ratio (Cor_%)
between the number of corrections and the
number interferograms connected with an
image is less than 30% for all the images of
a given pixel, then the pixel is labelled as
“Good”. It is “Fair” if Cor_% is between 30%
and 40%, and “Warning” if Cor_% is above
40%. A typical action is to discard in the sub-
sequent processing steps all the pixel labelled
“Warning”. An alternative and more complex
action is to run a second iteration of the 2 + 1D
phase unwrapping. For instance, this is needed
if a key area of interest is insufficiently covered
by “Fair” and “Good” pixels.

3) Generation of a 2 + 1D phase unwrapping
quality index. The objective of this step is to
automatically generate a quality index to
characterise this intermediate PSI result. This
index, which is defined pixel wise, is given by
the standard deviation of all residuals of
a given pixel. Assuming that there are no
phase unwrapping errors (they are controlled
in the previous analysis step), this index reflects

EUROPEAN JOURNAL OF REMOTE SENSING 17



the closure errors (ϕij+ϕjk+ϕki≠0, where ϕ is
the interferometric phase, and i, j and k are
three images) that characterise the multi-look
data: the smaller is the closure error, the higher
is the quality of the pixel at hand. It is worth
noting that this index does not work with sin-
gle-look data that have no closure errors. This
information on the quality of single pixels
characterises an intermediate product of the
PSI chain (the stack of unwrapped image
phases) and can be used in the subsequent
processing step: the atmospheric filtering,
where the importance of every single pixel
can be weighted according to the above index.

The second stage, which is used to generate the
deformation time series, includes the analyses
detailed below.

1) Analysis of the 2 + 1D phase unwrapping resi-
duals. Like in the first stage, this data quality
control step can be used to detect the presence
of anomalous interferograms or images, and to
correct or remove them.

2) Generation of a quality index for each image of
a given deformation time series. The deforma-
tion time series contain an estimated deforma-
tion in correspondence of the date of each
processed SAR image. The quality index asso-
ciated to each image of a time series is given by
the number of corrections. This provides
a complete information that can be used to

assess the quality of the time series. This repre-
sents a key metadata of the time series, which
can be used in the interpretation and exploita-
tion of the PSI results.

3) Generation of a quality index for the deforma-
tion time series (pixel wise). This is the same
index used in the first stage of the analysis (to
characterise an intermediate PSI result). It can
be only generated using multi-look data. In this
case it concerns the quality of a final product
(the deformation time series): it represents
a useful metadata for the interpretation of the
PSI results.

Discussion of the results

The results of this study concern a large part of
Catalonia (Northern Iberian Peninsula), see Figure 1.
The covered area is approximately 31,000 km2. A total
of 64 S-1A images were used, see Table 1, covering the
period from March 2015 to May 2017. The data pro-
cessing was performed sub-swath wise. Some of the
images were discarded during the first steps of the
processing: the final dataset used in this study includes
60 images in sub-swath 1, 56 images in sub-swath 2
and 59 images in sub-swath 3.

We firstly consider the analysis of the first stage
(2 + 1D phase unwrapping prior to atmospheric
filtering), which was performed on 10 by 2 multi-
looked data. This analysis was performed sub-swath

Figure 1. Footprint of the processed image and area of interest (red square). The area is covered by 3 sub-swaths and 30 bursts.
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wise. Figure 2 illustrates the 2 + 1D phase unwrap-
ping residuals at the first and last iteration for three
different datasets of sub-swath 1. In the first dataset

(upper), which consists of 60 images and 735 inter-
ferograms, the 2 + 1D phase unwrapping was success-
ful for all pixels: all residuals at the last iteration are
close to zero. The second dataset (middle) contains
60 images and 741 interferograms. In the residuals of
the last iteration there are 6 clusters of residuals
different from zero, which correspond to 6 interfero-
grams. All these six interferograms showed to have
problems, probably originated during the pre-
processing (interferogram generation). It is worth
noting that the pre-processing is done burst-wise.
This dataset involves eight burst for each interfero-
gram, that is a total of 5928 bursts. With such a large
dataset it is useful to have a procedure to detect
automatically the anomalous interferograms. The
third dataset consists of 62 images and 807 interfer-
ograms. In the last iteration there are 16 clusters of
big residuals, which correspond to 16 interferograms.
In this case all these interferograms correspond to the
same image, which was affected by co-registration
errors. The image was removed from the dataset.
Also this example shows the effectiveness of the
data quality procedure.

Table 1. Acquisition date and orbit of the 64 images used in
this work.
Date Orbit Date Orbit Date Orbit

06/03/2015 4907 31/12/2015 9282 02/10/2016 13307
18/03/2015 5082 12/01/2016 9457 14/10/2016 13482
30/03/2015 5257 24/01/2016 9632 26/10/2016 13657
11/04/2015 5432 05/02/2016 9807 07/11/2016 13832
23/04/2015 5607 17/02/2016 9982 19/11/2016 14007
05/05/2015 5782 29/02/2016 10157 01/12/2016 14182
17/05/2015 5957 12/03/2016 10332 13/12/2016 14357
29/05/2015 6132 24/03/2016 10507 25/12/2016 14532
04/07/2015 6657 05/04/2016 10682 06/01/2017 14707
16/07/2015 6832 17/04/2016 10857 18/01/2017 14882
28/07/2015 7007 29/04/2016 11032 30/01/2017 15057
09/08/2015 7182 11/05/2016 11207 11/02/2017 15232
21/08/2015 7357 04/06/2016 11557 23/02/2017 15407
02/09/2015 7532 28/06/2016 11907 07/03/2017 15582
14/09/2015 7707 10/07/2016 12082 19/03/2017 15757
26/09/2015 7882 22/07/2016 12257 31/03/2017 15932
08/10/2015 8057 03/08/2016 12432 12/04/2017 16107
01/11/2015 8407 15/08/2016 12607 24/04/2017 16282
13/11/2015 8582 27/08/2016 12782 06/05/2017 16457
25/11/2015 8757 08/09/2016 12957 18/05/2017 16632
07/12/2015 8932 20/09/2016 13132 30/05/2017 16807
19/12/2015 9107

Figure 2. 2 + 1D phase unwrapping residuals at the first (above) and last iteration (below) for three different datasets.
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Once the anomalous interferograms and images
were properly corrected or removed, the results of
the final 2 + 1D phase unwrapping prior atmospheric
filtering were generated sub-swath wise. For sub-
swath 1 we used 60 images and 735 interferograms
(temporal baseline below 200 days); for sub-swath 2
we used 56 images and 372 interferograms (temporal
baseline below 108 days); and for sub-swath 3 we
used 59 images and 370 interferograms (temporal
baseline below 100 days). The smaller baselines of
sub-swath 2 and 3, which mainly cover rural areas,
take into account the fast temporal decorrelation in
such areas. The quality control of these results was
based on the three-class map showed in Figure 3. In
this map, green corresponds to “Good”, yellow to
“Fair” and red to “Warning” points. The number of
pixels per each class is shown in Table 2: 11,9% of the
pixels are labelled as “Warning”. They are mainly
clustered in the upper and right part of Figure 3.

These pixels were removed in the subsequent proces-
sing steps.

Once the “Warning” pixels were removed, we gen-
erated the 2 + 1D phase unwrapping quality index by
computing the standard deviation of the residuals for
each processed pixel. Figure 4 shows, for two sub-
images of the dataset (the town of Montmeló and the
port of Barcelona), the quality index map and the
associated estimated deformation velocity. In the case
of Montmeló (Figure 4, left), most of the quality index
values are close to zero, including those located in the
deformation area. In the port of Barcelona (Figure 4,
right), there are some clusters of pixels with high
standard deviation of the residuals, which mostly coin-
cide with non-zero deformation velocity values: these
pixels were underweighted in the subsequent atmo-
spheric filtering stage.

The removal of the atmospheric component of
each image was applied on single-look 1 by 1 inter-
ferogram. Then a second iteration of the 2 + 1D
phase unwrapping (time series generation) was per-
formed. The main outcomes of this stage are the
deformation velocity map and the deformation time
series. Figure 5 shows the deformation velocity map
in radar geometry, which refers to the Line of Sight,
superposed to a mean SAR amplitude image. This
map includes more than 933,000 measured PSs over
an area of around 22,500 km2, with a density of about
41 PS/km2. These PSs correspond to the “Good” and
“Fair” pixels from Figure 3. The standard deviation of
the velocity in urban areas is 0.94 mm/yr and in non-
urban areas is 1.14 mm/yr. However, in some moun-
tain and countryside areas the measurements seem to
be noisy (see the blue colours in the upper and left
part of Figure 5). Some of them correspond to “Fair”
pixels, see Figure 3. The deformation map contains
some interesting deformation areas related to mining
activities, water extraction, terrain compaction, etc.

Figure 6 shows the geocoded deformation velocity
superposed to an optical image from Google Earth,
which concerns the town of Montmeló. This area
includes a maximum subsidence of 14 mm/yr and
an uplift of about 5 mm/yr. Figure 7 shows three
examples of time series with the associated quality
index per each image. The first time series (upper
left) shows an uplift up to 17 mm, the second one
(upper right) displays a subsidence up to 35 mm,
while the third one (below) shows a stable point,
with a standard deviation 1.02 mm. All images of
the three time series are classified as “Good”: the
number of corrections is mostly zero.

Figure 8 shows the geocoded deformation velocity
over the mining area of Sallent and Balsareny, where
land subsidence up to 20 mm/yr was measured.
Figure 9 shows three examples of time series with
the associated quality index. The first time series
(upper left) shows a subsidence, which accumulates

Figure 3. Three-class maps of the results of 2 + 1D phase
unwrapping prior to atmospheric filtering: “Good” (green),
“Fair” (yellow) and “Warning” (red).

Table 2. Number of pixels classified as “Good”, “Fair” and
“Warning” for each processed sub-swath.

Swath 1 Swath 2 Swath 3 Percentage (%)

Good 50039 110621 129009 68.91
Fair 5506 46660 28436 19.18
Warning 6424 30978 12674 11.91
Total 61969 188259 170119
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40 mm in 26 months. This point is classified as
“Good” because the number of corrections is below

3 for all images. The second time series (upper right)
corresponds to a “Fair” point. The first part of the
time series, between 17/05/2015 and 29/05/2015,
shows phase unwrapping related problems: in this
part are concentrated up to 7 corrections per image.
Note that “Fair” point indicates that the point has to
be analysed before accepting it. In this case, the index
points out an error in the time series. An example of
“Warning” time series, which accumulates
a deformation of 60 mm in 26 months, is shown in
the bottom part of Figure 9. The image 05/04/2016
has 12 corrections, indicating that the 2 + 1D phase
unwrapping is not reliable. The deformation in cor-
respondence of this image has a relatively small spike
of approximately 15 mm, which however affects only
this image.

Conclusions

In this paper, a procedure to process and analyse S-1
PSI data have been described. The procedure repre-
sents an evolution of the PSIG approach proposed in
Devanthéry et al. (2014). It includes a set of tools to
perform two key processing stages: the 2 + 1D phase
unwrapping prior to atmospheric filtering, and the
2 + 1D phase unwrapping to generate the deforma-
tion time series. The proposed tools address two
fundamental aspects of any advanced PSI processing
chain: the quality control of the results of the main
processing stages, and the generation of quality
indices to characterise the intermediate and the final

Figure 4. Map of the 2 + 1D phase unwrapping quality index (above) and deformation velocity map (below), computed over
the town of Montmeló (left) and the port of Barcelona (right). The maps are superposed to the mean amplitude image.

Figure 5. Deformation velocity map in radar geometry,
superposed to a mean SAR amplitude image.
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results of the PSI chain. In particular, the following
tools have been proposed:

● The analysis of the 2 + 1D phase unwrapping
residuals, which works prior to atmospheric filter-
ing and during time series generation. This is a data
quality control step, which can be used to identify,
correct or remove anomalous interferograms or
images. As it has been shown in the experimental
part, where anomalous interferograms (due to
interferogram generation errors) and anomalous
images (due to image co-registration errors) have

been identified, this tool is particularly useful to
process very large datasets.

● The control of the 2 + 1D phase unwrapping
outcomes, which is based on three classes:
“Good”, “Fair” and “Warning”. This data con-
trol step is used to discard doubtful (“Warning”)
unwrapped phase data in the subsequent proces-
sing steps. An example of three-class map has
been illustrated in this paper.

● The generation of a 2 + 1D phase unwrapping
quality index. This index, which characterises an

Figure 6. Color-coded and geocoded deformation velocity over an area surrounding the town of Montmeló (Barcelona). The
background image is an optical image from Google Earth. White circles show the position of the deformation time series of
Figure 7.

Figure 7. Three examples of time series of points located in the area shown in Figure 6 (see white circles). Each image of the
time series (circles in the upper line) has associated a quality index (diamonds in the lower line).
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Figure 8. Color-coded and geocoded deformation velocity over the mining area of Sallent and Balsareny (Barcelona). The background
image is an optical image from Google Earth. White circles show the position of the deformation time series of Figure 9.

Figure 9. Three examples of time series of points located in the area shown in Figure 8 (see white circles). Each image of the
time series (circles in the upper line) has associated a quality index (diamonds in the lower line).
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intermediate PSI result (the stack of unwrapped
image phases), can be used in the subsequent
processing step (atmospheric filtering), to weight
the relative importance of each processed pixel.
This index can only be used with multi-look data.

● The generation of a quality index for each image
of a given deformation time series. This provides
a complete information that can be used to assess
the quality and reliability of the time series.
Several examples have been discussed in this
paper. This quality index represents a valuable
metadata, which can be used in the interpretation
and exploitation of the PSI results.

● The generation of a quality index for the defor-
mation time series. It concerns the overall qual-
ity of a final PSI product: the deformation time
series. For this, it represents a useful metadata
for the interpretation of the PSI results. It can be
only generated using multi-look data.
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