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Abstract

In last years, the number of sensors that capture images of land surface has increasing, as a result of
a strong bet of many countries and space agencies. Due to that, large amount of data has been recorded
and their integration in a single viewer platform is of utmost importance to support informed decisions.

Images captured by Synthetic Aperture Radars (SAR) sensors have been selected in this study,
as they are acquired by active sensors and more independent of meteorological conditions. Among of
the various sensors that operate in radars’ wavelength, the Sentinel-1 mission, part of the Copernicus
program, was used as the base to the development of this thesis.

The phase difference between two images obtained with different acquisition geometries, for the same
scatter target, allows the determination of object’s altitude, based on interferometric technique and its
application to SAR images it is known as Interferometric Synthetic Aperture Radar (InSAR) technique,
capable of measure displacements in the scale of millimeters with high special and temporal resolutions.
This phase difference contains several contributions such as the topography and the atmosphere effect,

which acts as perturbation factor, especially, when the goal is to compare interferometric products.
The main objective of this study was the automatization of the interferometric process, starting

with the download of SAR images until their visualization in a WEBGIS platform. To reach this, a set

of scripts, capable of perform the necessary tasks, was created.

Keywords: SAR Interferometry, Synthetic Aperture Radar, Sentinel-1, SNAP, GACOS, Spatial data

infrastructure.

1. Introduction

Synthetic Aperture Radars (SAR) sensors acquires im-
ages in the microwave spectrum, useful in many applica-
tions. They are active systems that give them the abil-
ity to function independently of sunlight and in more
adverse weather conditions.

SAR images are complex since each pixel simultane-
ously records the amplitude and the phase: the ampli-
tude provides information about the characteristics of
the target and the phase records information concern-
ing the distance between the sensor and the object to
be mapped.

The estimation of the phase difference from two im-
ages obtained with different acquisition geometries, for
the same retro-dispersor element, allows the determina-
tion of the object’s altitude, in a technique called inter-
ferometry and its use based on SAR images is known
as Interferometric Synthetic Aperture Radar (InSAR).
These techniques are capable of measuring changes in
the millimeter scale with high spatial and temporal res-
olution, thus proving to be very promising.

The Copernicus program, an Earth observation pro-
gram led by the European Commission in partnership
with the European Space Agency (ESA), led to the

launch of the Sentinel-1 (A/B) mission in 2014, which
allowed a systematic global mapping of the Earth’s sur-
face by SAR images.

It should be noted that, similar to Copernicus,
there are other programs from different space agen-
cies, with similar facilities, such as the Deutsches Zen-
trum fir Luft- und Raumfahrt (DLR) which provides
TerraSAR-X images; Agenzia Spaziale Italiana (ASI),
which makes COSMO-SkyMED images available; Japan
Aerospace Exploration Agency (JAXA) which makes
ALOS-Palsar images available and the Canadian Space
Agency (CSA), which makes RADARSAT images avail-
able [2, 6, 13, 26].

2. Theoretical Background
2.1. SAR images

The images acquired by SAR sensors are complex im-
ages. The echo recorded is constituted by an amplitude
and phase value of the signal, resulting in a complex
matrix in which each pixel has a value with a real and
imaginary component. The amplitude is responsible for
providing information regarding the characteristics of
the object’s surface and the phase registers informa-
tion regarding the distance between the sensor and the



ground/object [3].

These systems illuminate the Earth’s surface with lat-
eral geometry (Side Looking Airborne Radar - SLAR),
where they transmit microwave pulses according to the
plane perpendicular to the trajectory, called the Ground
Range. The direction of movement of the platform is
known as Azimuth direction and is obtained from signal
processing. The measured distance between the radar
and the object is called the Slant-Range.

The range of variation of the most common wave-
lengths in SAR systems is between 0.75 cm and 120
cm, distributed in seven spectral bands Ka, Ku, X, C,
S, L, and P, being L, C and X the most used bands.
[16, 31].

2.2. Sentinel 1

There is currently a diversity of missions that allows
the global mapping of the earth’s surface. For the
present work, images from Sentinel 1 were used as
a data/information source, since Portugal is an ESA
member country, which provides the availability of im-
ages almost in real time and without costs.

Sentinel-1 consists of a constellation of two satellites,
Sentinel-1A and Sentinel-1B, 180 degrees apart, incor-
porates a SAR instrument that operates in the C band
with four image acquisition modes, with different res-
olutions (5 m) and coverage (400 km) [14]. This mis-
sion offers double polarization capabilities, very short
revisit times and product availability. The two satel-
lites together provide at least two measurements from
the European continent every six days and from almost
all the territory outside Europe, with regular intervals
of 6, 12 or 24 days  [15]. The four image capture or ac-
quisition modes, Strip Map (SM), Interferometric Wide
Swath (IW), Extra Wide Swath (EW) and Wave (WV),
produce or make available SAR products at three levels:
level 0, level 1 and level 2 [15].

2.3. SAR interferometry

Radar interferometry explores the images acquired with
synthetic aperture radars, observing the same area with
slightly different angles. This acquisition can be made
simultaneously, with two radars on the same platform,
called single-pass interferometry, or at different times,
called repeat pass interferometry [18, 28].

The phase of the SAR image is mainly determined
by the distance between the satellite antenna and the
ground targets. The SAR interferogram is generated
by the multiplication, pixel by pixel, of the first SAR
image with the complex conjugate of the second [18].
The amplitude of the interferogram is the amplitude
of the first image multiplied by the second, while the
interferometric phase is the phase difference between
the images.

This phase difference results in a new ”image”, called
interferogram, a fringe pattern that contains all the in-
formation related to the geometry of the terrain, target
or object. The interferogram phase is highly correlated
with the topography of the terrain. In this way, the
difference in interferometric phase (A¢) is proportional
to the displacement (AR) divided by the transmitted
wavelength (), according to:

A¢:¢1—¢2:4§AR. (1)

In the phase difference there are several contribut-
ing factors, such as the flat Earth phase, the topo-
graphic phase, atmospheric conditions (humidity, tem-
perature and pressure change between the two acquisi-
tions), and other noises and, finally, the eventual super-
ficial deformation that occurs between the two acquisi-
tions [18, 37].

The relationship between the height of a point on
the reference surface and the absolute phase difference
obtained from a pair of SAR images given by:

ARsin(0o)
4w Beos(0o — ) 5¢- 2)

0o is the elevation angle of one satellite in relation to
the reference surface, a the angle of inclination between
the sensors, R the distances from the same satellite to
the object/target on the Earth’s surface and B the in-
terferometric baseline [18, 23].
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2.4. Steps of the interferometric process

The different acquisition geometries together with the
fact that the navigation directions of the sensors are
not exactly parallel, determine that the acquisition grids
are not coincident, with variation in scale, rotation and
translation. Thus, it is necessary a sequential procedure
that begins with the registration of images, construction
of the interferogram, determination of coherence, filter-
ing and resampling.

2.4.1 Registration

The first operation consists of registering the images,
where one is chosen to be the master and the other
images are the slaves. The pixels in the slaves images
will be moved to align with the master image. The
register ensures that each terrestrial target contributes
to the same pixel (range, azimuth) in both the master
and slave images.

The registration is carried out in general in two
stages. The first phase is called coarse registration and
consists of registering one image over the other with res-
olution of an image element. The second phase, in turn,
called fine registration, consists of registering one image
over the other with resolution of the sub-image element,
involving resampling.

2.4.2 Interferogram Formation

After the image registration process is completed, the
interferogram is generated from the cross multiplication
from element to element of the master image with the
complex conjugate of the slave [18].

2.4.3 Determination of Coherence

Coherence is a measure that allows to measure the level
of correlation between two images, ranging from zero
(no correlation) to 1 (maximum correlation). When ap-
plied to an interferometric pair it is an indicator of qual-
ity. In this way, the coherence analysis allows the se-
lection of image pairs for exploration in interferometric



applications. This is useful information when analyzed
within a certain time or space [40].

2.4.4 Filtering

After the formation of the interferogram, the phase dif-
ference can be corrupted by temporal and geometric
de-correlation noise, volume dispersion and other pro-
cessing errors. The phase information in de-correlated
areas is not restored, however the quality of the existing
fringes in the interferogram can be increased by apply-
ing specialized phase filters, such as the Goldstein filter
that uses a Fast Fourier Transform (FFT) to increase
the signal ratio image noise [21].

2.4.5 Multilooking

Multilooking processing represents a spatial average of
the complex components of the signal and is applied
over complex interferograms from an average window
determined to reduce the statistical variation of noise.
In other words, it is used as an efficient algorithm to re-
duce noise phase in an interferometric image [25]. Mul-
tilooking can improve the reliability of the phase un-
wrapping, while reducing spatial resolution [22].

2.4.6 Phase unwrapping

In order to be able to relate the interferometric phase
to the topographic height, firstly the phase must be
unwrapped. Phase ambiguity is defined as the differ-
ence that generates a continuous interferometric phase
change of 27 in the curled interferogram.

According to Zebker et al. [45], the performance
of the phase unwrapping algorithm depends on two
factors: the signal to noise ratio (SNR) of the inter-
ferogram and the spacing between the interferometric
fringes. The two main approaches to phase unfolding
are local and global methods. Local methods include
algorithms based on residues, as proposed by Goldstein
et al. [22], and growing regions. The objective is to
identify and isolate the points where there is a phase
inconsistency, in order to avoid the propagation of er-
ror during the unwinding. The global methods seek
to minimize the global error through, for example, the
least squares method proposed by Zebker and Lu [44]
and multi-resolution techniques, among others.

2.5. Spatial data platforms

The constant advances in spatial data infrastructure
(IDE) and responsible entities, along with the growing
volume of data produced daily, allows us to say that
it is necessary to give importance not only to technical
and infrastructure issues, but also to issues of accessi-
bility of the data involved by these structures. With
the technological advances of the internet and its as-
sociates, excellent conditions have been created for the
development of favorable environments for the publica-
tion, access, exploration and distribution of information
and geographic data.

2.5.1 Spatial Data Infrastructures

The concept of spatial data infrastructures (IDE), which
was originated in the early 1990s [12], encompasses a
technological, political structure, with the standards
and human resources necessary to acquire, process,
store, disseminate and use geographic information effec-
tively. These infrastructures, through resource sharing,
avoid redundant efforts and reduce the cost of producing
new databases or existing databases [5, 34, 35].

IDEs can exist at different levels of intervention in
the territory, from the corporate and local level (smaller
areas but with greater levels of detail), up to regional
and global levels [36].

A fully functional IDE architecture should provide
users with the possibility and functionality to discover
the type of data they are looking for, to view it and
access it online. In this way, Geoportals can be seen as
components of these infrastructures [29, 39].

Like any infrastructure, an IDE implies the existence
of some kind of coordination for the formulation and im-
plementation of policies, in addition to the production
of metadata with certain standards [29].Formal policy
and the legislative environment within which the IDE
initiative is found is an important consideration, and
alignment with policy priorities is critical to its success.

IDEs are composed of a set of technical and non-
technical components that facilitate the sharing of geo-
graphic information: data, metadata, network services
and sharing agreements [10].

Conceptually, the IDE architecture consists of data,
service providers and consumers who use applications to
access spatial information [19]. The implementation of
these infrastructures has been carried out using Service-
Oriented Architectures (SOA), thus allowing to be in-
dependent of technologies [4].

They follow several standards or norms defined by
the Open Geospatial Consortium (OGC), such as the
Web Feature Service (WFS) and the Web Map Service
(WMS) [27].

2.5.2 Examples of spatial data platforms
InSAR Norway

InSAR Norway is a free and open mapping service for
the entire Norway of InNSAR data. It started in 2016 as
a joint partnership between Geological Survey of Nor-
way (NGU), Norwegian Water Resources and Energy
Directorate (NVE) and Norwegian Space Center, with
the aim of establishing or implementing a national land
movement center [33].

It is a service based on a Persistent Scatterer (PS)
flow (technique that focuses on identifying pixels in
SAR images, characterized by low noise values [24]) for
Sentinel-1 data, updated every 12 months.

Production is performed in a dedicated cluster con-
sisting of 19 high-performance processing nodes with
the following characteristics:

e 14 physical Central Processing Unit (CPU);
e 512 GB Random Access Memory (RAM);
e Fast access to large storage system (2 PB).



The production cycle currently runs once a year with
a total duration of 80 min per processing unit per vCPU
[11].

National Geoportal

Geoportale Nazionale (GN), is an Italian geoportal,
managed and maintained by the Ministry of Environ-
ment and Protection of Land and Sea. It is a man-
agement and sharing system for territorial and environ-
mental data, based on webGIS technologies.

The platform allows or makes available a map viewer,
a metadata catalog that allows data search and a set of
services according to the standards of the Open Geospa-
tial Consortium (OGC), which allow the visualization,
data download and processing data (using WMS, WFS
and WCS services) [32, 38].

3. Materials and Methods
3.1. Download SAR products

The SAR images, from the Sentinel-1 mission, provided
by ESA’s platform for the Copernicus Program, will
be used. For ESA member countries, the use of SAR
images is generally free.

As one of the main objectives is the automation of
processes, the development or use of tools that speed
up the acquisition of images was made without hav-
ing to manually resort to the platform, which are APIs
and Batch Scripting. The built solution uses the dhus-
get script [17] that allows the parameterized configu-
ration of the product download. Since the script can
only be used in a LINUX environment, a Python script,
download.py, was developed, which, through a config-
uration file, download.conf, pre-filled with the desired
parameters, performs the search and ensures it the re-
spective download of the products. For this script, a
library named Sentinelsat was used, which facilitates
the search, download and retrieval of Sentinel image
metadata [1].

3.2. Processing of SAR images

From the diversity of existing software for interferomet-
ric processing, the SNAP (Sentinel Application Plat-
form) software supplied by ESA was chosen due to its
free and open access, its configuration to use the im-
ages available under the Copernicus Program and for
allowing the data processing from the command line.

In order to automate the processing of images,
Python and Matlab programming languages were used
and scripts were developed, capable of performing tasks
that previously had to be done manually. Thus, the im-
age processing was divided into eight stages or processes
(figure 1).

Automation started with the construction and later
organization of: scripts, SLC products obtained previ-
ously, xml graphics, topographic delay maps in separate
directories, creation of configuration files and directories
for which results, process logs are saved. Furthermore
the executable (SNAPHU - Statistical-Cost, Network-
Flow Algorithm for Phase Unwrapping [7-9]) which is
responsible for the phase unwrapping of the interfero-
grams.

Storage of the slaves images in independent folders
identified by the date of acquisition
[]
Splitting of the master image and slaves images and
updating the respective orbits
[]
’ Co-registration and generation of interferograms

1

Unwraping of interferograms and application of
topographical correction

]
Storage of unwraped interferograms in independent
folders identified by the acquisition date

]

Addition of the respective topographic delay maps to
the folders of the unwrapped interferograms

¥
Generation of a text file with the paths of the necessary
files for the removal of the atmospheric effects and
addition of the respective Matlab scripts properly
configured

]
Removing the effects of the atmosphere from the
unwrapped interferograms

slaves_prep.py

splitting.py

ifg_formation.py

unw_tc.py

ifg_correction_prep.py

111

ztd_correction_prep.py

correction_prep.py

auto_atm_correction.m

1
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Figure 1: Image processing steps.

3.2.1 Interferometric processing

The SNAP architecture provides a Graph Processing
Framework (GPF) that allows the user to create graphs
in XML format, in order to allow mass processing and
custom processing chains and to do the processing from
the command line.

In the logic of process optimization, it was decided
to divide the process (figure 2), in three stages (fig-
ure 3) resulting in four main graphics (nine in to-
tal): split_applyorbit.zml, coreg_ifg-ml_flt.xml, snaphu-
export.zml and snaphuimport_tc.xml (figure 4). Each
process is equivalent to a graph with the exception of
the third and last process, which is separated into two.
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Figure 2: Flowchart of interferometric processing.
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Figure 3: Flowchart of condensed interferometric process-
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Figure 4: XML graphics responsible for the interferometric
process.

The first process, through the split_applyorbit.zml
graph, is responsible for splitting the master and
slave(s) and updating the respective orbits. If the slaves
cover only part of the master’s area of interest, it is pos-
sible to use the corresponding slices to ensure complete
coverage of the area with the assembly of the slaves.
In this case, the graph assemble_split_applyorbit.xml is
used.

The second process, using the coreg_ifg_ml_fit.xml or
coreg_ifg-mi_flt_subset.zml chart (if necessary a subset),
forms and makes the interferograms available. If it is
necessary to export to STAMPS (Stanford Method for
Persistent Scatterers) [30], the script, by setting the
appropriate parameter in the configuration file, is able
to select another graph (coreg-ifg_ml flt_export.xml or
coreg_ifg_ml_flt_subset_export.xml, if necessary a sub-
set), which, in addition to providing the interferograms
mentioned above, provides the co-registrations of SLC
products and interferograms. The export is done with
the aid of the stampsexport.xml chart.

The third and last process is divided into three parts
and uses two xml graphics, snaphuezrport.zml and sna-
phuimport_tc.xml. The snaphuezport.zml graph is re-
sponsible for exporting in order to be able to unwrap
it with SNAPHU, while the snaphuimport_tc.zml graph
is responsible for importing the unwrapped data and
applying topographic correction. This division was due
to the impossibility of unwrapping with the aid of the
GPF. The executable snaphu was downloaded, which
with the help of the unw_tc.py script, executes the un-
wrapping of the interferograms in a chain.

3.2.2 Atmospheric correction

One of the factors most contributing to the phase of
the interferogram are the atmospheric conditions. This
effect is especially disturbing when the aim is to com-
pare interferograms. To mitigate this effect, an on-
line atmospheric correction service was used, called
Generic Atmospheric Correction Online Service for In-
SAR (GACOS - http://www.gacos.net/), which using
an Iterative Tropospheric Decomposition (ITD) model,
generates maps, in a binary format, of zenith high delay
with high spatial resolution to correct InNSAR measure-
ments [20, 41-43].

The tropospheric correction is applied to the inter-
ferograms, subtracting or adding the delays from the
differentiated atmosphere (difference between the delay
maps for the two dates), depending on the choice of the
master and slave images in the generation of the inter-
ferograms (figure 5).
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/
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Figure 5: Flowchart of atmosphere correction processing.

GAGOS apart from to providing tropospheric delay
maps, it also presents a MATLAB software toolbox,
GACOS_Utility, which applies the correction. Some
pre-processing is necessary in order to have the interfer-
ogram data available for this processing. In this way, a
script was developed,atm_correction.m, capable of read-
ing the data from an interferogram and then applying
the correction. In addition to atm_correction.m, another
script was created, main_auto_atm_correction.m which,
through a text file, atm_correction.tzt, generated dur-
ing pre-processing, with the necessary parameter and
parameter paths, allows perform chain processing.

3.3. Comparison between corrected interfero-
grams

The script main_auto_atm_correction.m using the func-
tion check_diference.m that was developed, makes a per-
centage comparison, calculates the Structural Similar-
ity Index (SSIM) and the Means Squared Error (MSE)
between the interferogram being processed and the pro-
cessed in the previous instant. These are crude compar-
isons that allow us to perceive the behavior over time of
the processed interferograms. The percentage compari-
son is made at the pixel level. Therefore, a subtraction



is made between the corrected interferograms where the
number of different pixels is counted, which is later di-
vided by the total number of pixels. Structural similar-
ity is calculated using the Matlab function ssim, which
is based on the calculation of three terms: luminance,
contrast and structure [46]. The mean square error is
calculated using the Matlab immse function.

The data is calculated and written in a text file called
ifg_comparation.txt during atmospheric correction.

3.4. Visualization of spatial data

In order to view the interferograms after removing the
effect from the atmosphere, all process data and an im-
age with the interferograms before and after the cor-
rection are saved. Corrected interferograms are also ex-
ported to GeoTIF during processing. Therefore, to view
the data, you only need an application capable of read-
ing the files mentioned above, and this application or
platform can be built on the basis of a list of previously
identified requirements or an existing one.

4. Case study

The area under study corresponds to the municipali-
ties of Lisbon, Oeiras and Cascais, belonging to the
Metropolitan Area of Lisbon, with a total dimension
of 243 km?. The time period considered for the study
is between July 2019 and June 2020. Only data from
one of the Sentinel-1 satellites and a single direction of
acquisition of this information were considered.

4.1. SAR Image Processing

4.1.1 System requirements

The generation of interferograms is a process that con-
sumes a lot of computational resources, so it is recom-
mended at least a quad-core CPU with 16 GB of RAM.
In order to be able to process the equivalent of one year
of spatial data while maintaining the same master, ap-
proximately 140 GB of free disk storage space would be
required.

4.1.2 SAR images

In the table 1, we can find the main or necessary char-
acteristics related to SAR images, in order to be able to
carry out the processing taking into account the area of
interest.

Sensor Acquisition mode  Direction Level Type Relative Orbit

Sentinel-1A W Ascending L1 SLC 45

Table 1: Characteristics of SAR images for the study area.

To obtain SLC products with the characteristics
mentioned in the table above, from the script down-
load.py, you must first fill in the configuration file, down-
load.conf, with the appropriate parameters.

4.1.3 Interferometric Processing and Atmo-
spheric Correction

To start processing the images, it is necessary to have
SLC products and topographic delay maps available in
the respective subdirectories.

The image of June 26, 2020 was chosen as the master,
the configuration file (project.conf) was filled in with
the respective paths and necessary parameters. After
adjusting the configuration file, the interferometric pro-
cess starts, using the previously mentioned scripts (fig-
ure 1).

As previously described, two Matlab scripts are
generated which allow both the individual correc-
tion (atm_correction.m) and the chain correction
(main_auto_atm_correction.m) of the interferograms.

In the figure 6, we can see five interferograms, before
and after applying the correction, referring to the last
interferograms of the processed time series:
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Figure 6: Interferograms before and after atmospheric cor-
rection for the last processed SAR products.

4.2. Comparison between corrected interfero-
grams

From the file generated (ifg_comparation.tzt) regarding
the comparisons between the interferograms corrected
sequentially, which means, between an interferogram in



process with the interferogram corrected in the previous
instant, the data shown in figures 7 and 8 were obtained.
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Figure 7: Structural similarity index between sequentially
corrected interferograms.
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Figure 8: Mean squared error between sequentially cor-
rected interferograms.

From the graph 7 related to the Structural Similarity
Index, it can be seen that the values are mostly above
0.5, which reveals a high perceptual rate of similarity
between the interferograms.

From the graph 8 relative to the mean quadratic er-
ror, it can be seen that there was a decrease in the error
with the progress of the processing and a decrease in
temporal baseline.

These values and variations can be partially justified
with the long temporal baseline and the ”short” per-
pendicular baseline of the products used, since one of
the crucial steps for generating a subsidence map or a
Digital Elevation Model (DEM) as well successful is the
selection of the image pair with the appropriate prop-
erties. The time between the images must be as short
as possible to reduce the risk of phase de-correlation
of the phase and the distance between the positions of
the satellites at the time of image acquisition must be
between 150 and 300 meters [18].

4.3. Visualization of spatial data
To view the interferograms obtained after removing the
effect from the atmosphere, a WebSIG was used, the iM-
SEP (internet-based information Management System
for Environmental Protection and Disaster Risk Man-
agement), in order to allow the general public to view,
analyze and share geographic information.

iMSEP (https://imsep.gis.lu.se/) was developed at
Lund University, under the European project EMME

of which IST-UL is a partner, under the coordination
and management of Associate Professor Dr. Ali Man-
sourian.

In the figure 9 we can see some of the results obtained
at the end of processing:
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Figure 9: Partial visualization of the corrected interfero-
grams on the iMSEP platform.
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To view all the results obtained, consult the platform
iMSEP, https://imsep.gis.lu.se/.

5. Conclusions

Earth observation data files are expanding at an un-
precedented rate, both in terms of size and variety.
More and more, existing and developing remote map-
ping sensors provide or will provide Earth observation
data, characterized by large coverage, high spatial res-
olutions and high revisiting frequencies. In parallel,
the power of computing is growing, thus allowing the
processing of these data on a global scale, representing
a unique opportunity in the study and the integrated
knowledge of spatial phenomena on a scale of the entire
Earth’s surface.

This work started with the apresention of the basic
aspects of SAR systems and some space missions that
use these radars, with greater emphasis on the Coper-
nicus - Sentinel-1 program. The concepts related to
interferometry using SAR images were shown and the
different stages that make up the interferometric process
were briefly addressed. Equally worthy of attention are
aspects related to spatial data infrastructures, which
are interoperability infrastructures, due to the ability
of different applications that use different languages or
concepts to communicate with each other. The compo-
nents related to the architecture of these systems were
analyzed and two platforms (an InSAR platform and
a Geoportal platform) were exemplified, with some of
their more technical references.

Following the aforementioned, a versatile processing
line was created, capable of processing SAR data, pro-
ducing interferograms and removing the effect of the
atmosphere during the phase using an online platform,
to be later compared and visualized on an online plat-
form. As a case study, interferograms referring to the
period between July 2019 and June 2020 were created
and corrected to approximately one calendar year, in the
region covered by the municipalities of Lisbon, Oeiras



and Cascais. These results are available for consul-
tation on the iMSEP spatial data visualization plat-
form (https://imsep.gis.lu.se/), available under the Eu-
ropean project EMME (International MSc Educational
Programme in Environmental Management and Mod-
elling).

In the production of the interferometric chain, the
image of June 26, 2020 was considered as master and in
total 27 interferograms were calculated and made avail-
able. For all, the atmospheric corrections provided by
the GACOS platform were applied, which although sat-
isfactory on a global scale, insofar as corrections related
to the correlation of atmospheric effects with the ter-
rain are observed, are not sufficiently detailed for a finer
analysis. This is an expected fact, given that GACOS
is a solution designed for studies of large areas (for ex-
ample, for an entire interferometric range). In order to
streamline the interpretation of results, a script was cre-
ated that compares sequential interferograms pixel by
pixel. In this assessment, variables related to structural
similarity indices and mean square error were used.
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