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Introduction Study Area

The study area, located in
Southern Italy, is covered by
twelve EGMS files, each
covering the spatial extension
of a Sentinel 1 burst. All the
pixel files belong to the same

This structure complicates the interpretation of results, relative descending orbit.
especially if the reference pixel experiences significant In the same area, ten GNSS
motion. It also limits the application of INSAR in large-scale stations were identified to
geodynamic studies, such as the detection of tectonic strain perform the reference frame
accumulation. connection.

Comparison between EGMS products

The differences in behavior observed at the file overlaps
remain the same if we consider the data provided by EGMS
and connected to ETRF2000 (Calibrated product [4]).

INSAR displacement measurements are inherently double-
differenced:

- In time: between a mother and a daughter image

Difference in average displacement
in the overlapping area between burst 0831 IW1 and burst 0831 IW2

- In space: between a given pixel and a chosen reference

> Traditional Approaches for Referencing

To estimate line of sight (LOS) displacements in an absolute
reference frame using INSAR measurements, complementary
geodetic techniques (e.g., GNSS and levelling) are commonly
used.

Input Data

The InSAR time series used are provided by the EGMS and
belong to the Basic product [3].

Comparison with GNSS data

. o GNSS modeling PS selection
According to the manual [2], the declared reference point in Modeling of each component Selection of all PS in a 100 m

space should match the average behavior of all PS. However, of each GNSS time series: radius buffer around each
for the time series in the study area, this was not the case. For Harmonics station

: : : : denss(t) = linear , (T =365, 4 steps
this reason, all time series were re-referenced in each burst GNSS trend " 1 _ 1g75)

Main strategies include:

1. Assigning a velocity value/displacement time series to the
reference pixel using one or multiple GNSS stations [1]

. . . O O
, , , with respect to the median displacement of all PS at each
2. Estimating a reference surface across the image area epoch O ©
: : . £ o ©
based on multiple stations [1] As for GNSS PSP, we used the daily time series provided by o
3. Removing long-wavelength geodynamic signals via spatial the Nevada Geodetic Laboratory for ten stations in the area, © O

Date

filtering, then restoring them using GNSS permanent
station positions (GNSS PSP) [2]

selected because they showed a generally linear behavior l l
with low noise and had PS available in their immediate vicinity.

LOS displacement Median time series

This third method is adopted in the European Ground Motion
Service (EGMS). EGMS resamples GNSS PSP on a 50 km grid,
interpolating it to each persistent scatterer (PS) location.
However, the type of spatial filter used is not thoroughly

Closed loops test

computation
Projection of the linear part of
the model to the LOS at each
station’s location

generation
Computation of the median at
each epoch for all the points
selected around a certain

To test the assumptions made in the methodology section, we
examine the residuals obtained by summing the difference in
average behavior at the overlap areas forming closed loops.
Similar to what occurs in a leveling network, the result should
be zero, in fact: J

station

described, making it difficult to fully assess the impact on the
final INSAR products.

> Aligning time reference
~> Proposed Approach gning <

We propose an alternative method based on:
- GNSS PSP

- Redundancy from overlapping Sentinel-1 bursts

Ag1p2 + Apy g3 + A3 pq

= dTsz o dTPB1 T dTPB3 o dTsz T d"”PB1 o d"”PBs =0

Subtraction
We choose the shortest loops possible, made up of three l
segments, always consisting of two bursts In the same
subswath and one burst in the adjacent subswath, as
illustrated in the figure below.

By focusing on overlap zones between adjacent bursts, it is
possible to connect all the bursts to a common reference
frame and later connect the whole area of interest to an
absolute reference frame materialized by GNSS PSP. The
proposed method is ideal for the output of wide areas batch
processing chains, such as the one of the EGMS, that provides
data over standard spatial extensions (in this case, one burst),
and has to deal with varying GNSS network density.

Reference point time series estimation
Estimation of a unique value per epoch of
the reference point displacement making
the median at each epoch for all the results
obtained
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A subset of the results is represented in the plots below.

Methodology
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We consider a point P in the overlapping area between two
Sentinel-1 bursts of the same relative orbit.
Between epochs t, and t,, point P ' ' | | | ,
undergoes a displacement:
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in median displacement

in median displacement

Results and Outlook

* The results obtained in the closed loop tests are not
always optimal, with residuals up to 3 mm. This may be due
to various factors, such as atmospheric artifacts.
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The displacement observed for point
Pin bursts 1 and 2 is:
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> These artifacts are estimated separately for each
processed area and can therefore differ within the
same region across different bursts.
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Where v, g;and v, g, are the line of sight versors for point P in
bursts 1 and 2, and v,,;and v,.,, are the line of sight versors of
the reference pixels of bursts 1 and 2. Assuming v, g, ® U, 57

(valid when the bursts are in the same relative orbit):

> Additionally, in areas near the boundary of the
processed region, it is more difficult to estimate them
accurately.

1 © 0833_W1-0833_Iw2 6’@
o 0833_IW2-0834_Iw1l
1 e 0834.1W1-0833_IWl

in median displacement

in median displacement
at the burst overlap [mm]

at the burst overlap [mm]
=

T oL OO0,
® 0833IW2-0834_ W2® ”’o"'?'."'('-tg“‘.m‘-'. &% %o
© 0834_IW1 - 0833_IW2 X ©Coqge © o
1 o 0834.1W2-0834_ W1 %

* The discrepancies observed in the overlap zones remain
present in the Calibrated product, despite it undergoing an
additional data-cleaning step through a spatial filter

. 3 designed to remove geodynamic signals and low spatial
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> Practical considerations oo e el T e ] M psit” frequency artifacts.
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In practice, PS differ due to LOS changes and processing, and el vy * I A * The comparison with GNSS data yields highly variable
are affected by noise (e.g., atmosphere). results. The estimated reference point time series present

To reduce noise, we average the N PS (typically N > 1000) in
the overlap. Assuming similar spatial distribution, the mean
difference reflects only the difference in displacement of the
reference points.

> General procedure for M bursts, T epochs, n,overlapping
areas

A

. Identify all n,bursts overlapping areas

2. For each overlapping area, compute the average
displacement difference across epochs

3. Choose a reference burst, for which the reference point is
considered still in this phase

4. Solve T-1 systems of equations, each with n, equations and

> Discussion

The quality of the results is highly variable. In some cases
(upper and lower left) the residuals of the loop are less than a
millimeter; in other cases the residuals can be of several
millimeters.

It’s worth noting that the time series resulting from the
difference of the median behavior in the overlap areas is
always smooth for bursts in the same subswath, but presents
significant nonlinearities otherwise. This could be due to the
fact that the overlap areas over different subswaths are
always smaller compared to the ones in the same subswath,
and therefore contain less PS. Moreover, the non-linear

differences that reach the centimeter level. Variations of
this magnitude may be not acceptable for some
applications, such as tectonics, that require the knowledge
of velocity with an accuracy under 1 mm/year. The
discrepancies observed could be due to differences
between the behavior of the PS around the station and that
of the station itself, or to residual errors in the process of
connecting the data to a common reference system. This
aspect requires further investigation.
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This work has been prepared using European Union's Copernicus
Land Monitoring Service information.

behavior often starts in the first months of 2022, after
Sentinel-1B stopped working, suggesting that this behavior
may not be caused by the displacement of the reference
point, but rather by the lower temporal density of the
measurements.

M-1 unknowns. In general, it is advisable to choose a burst
configuration that results in an overdetermined system.
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