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1. INTRODUCTION

The support provided in the GAMMA Software for the processing of data of the ESA P-band SAR
BIOMASS is summarized in this document.

The BIOMASS satellite was launched on 29-Apr-2025, followed by the commissioning phase until
early Dec. 2025 [https://www.esa.int/Applications/Observing_the Earth/FutureEO/Biomass]. For the
adaptation of our software and for the data discussed in this report we used both data from the
commissioning phase and data acquired shortly after the end of the commissioning phase. ESA is
acknowledged for providing us access to the data.

In Section 2 the importing of the BIOMASS SAR SLC data is described, followed by an assessment
of the data characteristics, in Section 3. In Section 4, the DInSAR processing sequence for repeat-pass
interferometric BIOMASS data pairs is presented. In Section 5, polarimetric processing of BIOMASS
quad-pol. data is discussed. In Section 6, the mitigation of ionospheric effects is introduced.

Some of the findings were presented in a presentation [2] at the Jan. 2026 at ESA PolInSAR - Biomass
2026, Ljubljana, 26-30 Jan. 2026.

2. IMPORTING BIOMASS-P SLC DATA

2.1. BIOMASS SCS and STA SLC Products

There are two different SLC products available. The SCS product is the “normal SLC”. In addition,
there is the STA product, which is an SLC already resampled to the slant range geometry of a reference
SLC over the same area. Our tests conducting during the commissioning phase indicated that the co-
registration quality of the SLC product was not of sufficiently high quality. Determining an offset field
between an STA SLC and its reference SLC showed offsets up to more than a full pixel. A possible
reason for these co-registration errors are positional offsets caused by gradients in the ionospheric path
delay. Furthermore, it seems that the orbital state vectors are not very accurate, as indicated by residual
offsets that need to be estimated and corrected in the geocoding and in the co-registration of an SLC
with reference SLC over the same area.

Based on the observed issues with the STA product we only used SCS products in our further
assessment of the data. All BIOMASS SLC are acquired in stripmap mode.

2.2. Importing SLC data

BIOMASS-P SLC data are provided as a GeoTIFF with meta data in XML format. Typically, the data
are acquired in quad-pol. mode, including data files at hh, hv, vh, and vv polarizations. The data and
meta data files are typically provided as one zip file. To read the data we unzip this zipfile to get a
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directory that includes the data and meta data files. The command par BIOMASS SLC is then used to
read the data.

unzip BIO_S2_SCS__1S 20251212T231936_20251212T231956_T G01_M0I_COI_T015 F062 01 DJKJON.zip
par BIOMASS SLC BIO S2 SCS 1S 20251212T231936 20251212T231956 * DJKJON - 20251212

¢ 9

For the polarization option is indicated to read all polarizations. The program automatically
completes the root name with the polarization and extension for the SLC and SLC parameter files. This
generates the files:

20251212.hh.slc, 20251212.hh.slc.par
20251212.hv.slc, 20251212.hv.slc.par
20251212.vh.slc, 20251212.vh.slc.par
20251212.vv.slc, 20251212.vv.slc.par

The data are "beta0" radiometrically calibrated.

Notice: BIOMASS images are stored in a GeoTIFF format and use an LERC compression. The
GAMMA Software uses the GDAL API to read such data, however, that compression algorithm is not
supported in older GDAL versions, such as the standard GDAL library on Ubuntu 22.04. It is
therefore necessary to upgrade the operating system to a newer version, such as Ubuntu 24.04.

As input, the GeoTIFF and the meta data XML files are indicated. The program generates the SLC
binary data file in FCOMPLEX format and the related SLC parameter file. The SLC can be visualized
using

disSLC 20251212.vh.slc - 10000 2000
and the spectrum can be checked using
dismph_fft 20251212.vh.slc 156510 1..35128 30 &

Notice: For some scenes the data at the top (first couple of hundred lines) and at the bottom (last couple
of hundred lines) are corrupt (stripes in azimuth direction instead of intensity corresponding to scene
content).

Notice: For some of the scenes, visualizing the spectrum showed that the data has been filtered for RFI
(radio frequency interference) — with parts of the spectrum missing.

A very large number of state vectors are present in the SLC parameter file (e.g. > 500 state vectors at
1 second intervals). When checking the orbit state vector quality, we have to consider that the
polynomial fits used will not be perfect for durations longer than about 150 seconds. When checking
the orbit data quality using ORB_filt_spline.py we should therefore limit the regression analysis to the
center part of the state vectors. We can do this using the --ignore_start and —ignore-end options. In the
case of 560 state vectors, we can limit the regression analysis to the 100 state vectors in the center
using

/bin/cp 20251212.vh.slc.par 20251212.vh.slc.par.orig

ORB _filt _spline.py 20230505.slc.par.orig 20230505.slc.par.tmp --png png_dir --degree 5
--ignore_start 230 —ignore end 230

The resulting standard deviation, not considering state vectors ignored in the spline fit, is < 0.001m.
So the state vectors obtained with the orbit data are not noisy and therefore, don’t need to be filtered.
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Nevertheless, this does not mean that the state vectors are very accurateOffsets up to about 10m (during
the early commissioning phase up to 100m), obtained in the geocoding refinement step and when co-
registering repeat observations indicate that the orbit accuracy may not be very high.

2.3. Importing detected BIOMASS data

Detected BIOMASS-P data are provided as DGM (detected ground-range magnitude) images.
BIOMASS-P DGM data can be read using par BIOMASS MLI. par BIOMASS MLI converts
BIOMASS DGM data into MLI files, i.e. it resamples the data from the ground-range geometry into
slant range geometry and calculates the intensity (= square of the magnitude). The slant range pixel
spacing can either be specified using the option rps or it is calculated automatically from the ground
range parameters. Optionally, par BIOMASS MLI also supports writing out the data in ground range
geometry by setting the GRD flag to 1.

3. ASSESSMENT OF SOME CHARACTERISTICS OF
BIOMASS-P STRIPMAP SLC

3.1. Radiometric calibration and estimation of NESZ

The SLC values read are beta zero values. They can be converted to sigma0 (ellipsoid or terrain
corrected) or gammaO (ellipsoid or terrain corrected) using the program radcal.py.

We did not validate the calibrated backscatter values obtained as part of our assessment (using different
satellite data or targets with known backscatter coefficients).

Using dark areas (radar shadow and smooth water surfaces) we estimated a Noise Equivalent Sigma
Zero (NESZ) value. Assuming that the radiometric calibration of the data is correct we estimated the
following NESZ values for the different polarizations:

NESZ estimates: HH-pol. -33.7dB
VV-pol. -32.3dB
HV-pol. -35.0dB
VH-pol. -35.2dB

The low NESZ values at both co- and cross polarization are an important requirement for the use of
polarimetry.

3.2. Point target characteristics
We did not analyze, so far, the point target characteristics in our assessment.
3.3. Geocoding

We generated multi-look intensity images using 1 range and 7 azimuth looks and conducted a
geocoding sequence, using the 1-arc-second Copernicus DEM. As part of the geocoding sequence a
refinement was determined based on the offset between a simulated backscatter image (calculated
based on the orbit data and the DEM) and the actual SAR backscatter.

Using data acquired during the commissioning phase we observed some range corrections in the
geocoding refinement larger than one range pixel (corresponding to > 50m corrections). For later data,
acquired after 12-Dec-2025 we observed smaller refinement corrections up to 10m. These observations
are also confirmed by the observed SLC co-registration refinements.
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4. BIOMASS REPEAT-PASS DIFFERENTIAL SAR
INTERFEROMETRY (DINSAR)

4.1. Processing sequence used and results

We were able to test BIOMASS repeat-pass differential SAR interferometry using both data acquired
during the commissioning phase and data acquired after 12-Dec-2025.

Overall, the DInSAR processing sequence for BIOMASS is the same as for other sensors at shorter
wavelengths — nevertheless ionospheric effects are more frequent and significant at P-band and
therefore, we suggest to always check the data for the presence and level of ionospheric effects and to
consider these, if necessary, in the processing. A flow chart of the generalized processing sequence
used is shown in Figure 1. In the following, some of the steps, such as the identification of ionospheric
effects and the mitigation of ionospheric effects, are further discussed. The sequence presented is also
available (to GAMMA Software users) as a specific demo example.

The two scenes were acquired on 12. and 15. Dec. 2025. An initial processing was done using a multi-
looking with 5 range and 35 azimuth looks — this to keep the files sizes small and facilitate the phase
unwrapping. Once this process is completed the estimated ionospheric phase and the estimated phase
ramp can be resampled to a higher resolution (e.g. 1 range x 7 azimuth looks) using resamp _image par
and can be subtracted from the higher resolution differential interferogram to get the ionosphere-
corrected differential interferogram at higher spatial resolution.

We selected the earlier scene as the reference, generated a multi-look intensity image (MLI) with 5
range and 35 azimuth looks, and conducted a geocoding sequence using the Copernicus 30m global
DEM. This also included the resampling of the DEM height into the MLI geometry.

geocoding.py 20251212.hh.mli 20251212.hh.mli.par Cop.dem Cop.dem_par 20251212.hh --seg
Magquinchao --rwin 64 --azwin 64 --nr 32 --naz 32 --lon_ovr 0.06 --lat_ovr 0.3 --kml --GeoTIFF BMP

Next, we co-registered the second SLC to the reference SLC. We did this in two steps. In the first step
we determined and applied the orbit-based transformation lookup table as well as a polynomial
refinement as supported in SLC coreg.py.

The outputs generated include the resampled second image as well as the lookup table and refinement
polynomial used. In the second step we conducted an offset tracking-based refinement procedure
between the reference and the transformed second image. This can be done using the program
SLC coreg refine.py

SLC coreg.py 20251215.hh.slc 20251215.hh.slc.par 20251215.hh.rslc.tmp 20251215.hh.rslc.tmp.par
20251215.hh.rmli 20251215.hh.rmli.par 20251212.hh.slc 20251212.hh.slc.par
20251212.hh.wgs84.hgt 5 35

If the transformation of the first step was accurate then only very small offsets (< 0.1 pixel) would be
found. Larger azimuth offset found (> 0.1 azimuth SLC pixel), are a clear indication for the presence
of ionospheric effects.

SLC coreg refine.py 20251215.hh.rslc.tmp 20251215.hh.rslc.tmp.par 20251215.hh.rslc
20251215.hh.rslc.par 20251212 .hh.slc 20251212.hh.slc.par --rstep 5 --azstep 35 --rwin 64 --azwin 256
--r_filt 5 --offset_img --n_ovr 2
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In addition to the spatially filtered refinement offset field, the program also generates the images of the
range and azimuth refinement offsets shown in Figure 2.

(=)

Import BIOMASS
SLC pair

(=)

Check refinemen
offsets for iono-

(=T )

Estimate and
subtract iono-

spheric effects spheric phase

v v v

[ Step2 ) [ Steps ) ( Steps )
Select reference, Calculate orbital Estimate and

generate MLI, and topographic subtract residual
geocoding phase phase ramp

. v . v . J

( Step3s ) [ Step6 ) ( Stepo )
Co-register SLCs — Calculate difl. F— Finalize the

with offset field interferogram results
correction and coherence

. .J . 7 . .J

Figure 1 Flowchart of DInSAR processing sequence used.
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Figure 2 Range (a) and azimuth (b) refinement offset fields. Notice the different color scales
used.
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The level and spatial shape of the azimuth refinement offsets indicate clearly if there are
significant ionospheric path delay effects. An azimuth offset of one SLC pixel corresponds
roughly to 21 path delay phase gradient across the length of the synthetic aperture.

The information on the presence of ionospheric path delay effects obtained from the azimuth
refinement offsets also supports the decision concerning the mitigation of there effects. In the
case of low to intermediate level effects, the case shown in Figure 2 is an example for
intermediate level effects, it is often possible to mitigate the ionospheric effects. The mitigation
includes a positional correction, done through the application of a co-registration refinement
with an offset field, and a phase correction. The ionospheric phase delay is estimated using split-
spectrum interferometry techniques, as discussed below in Section 6. In the case of strong
ionospheric effects, it is often not possible to reliably estimate the ionospheric path delay phase.
Strong ionospheric effects include cases with azimuth offsets > half an azimuth pixel combined
with spatially “wild” patterns (see example in Figure 3, left). Problems are, that the azimuth
offset field varies across the spectrum, so the geometric correction applied is not adequate, and
that the unwrapping of the differential interferogram phase typically fails. For some cases with
spatially “wild” patterns with small azimuth refinement offsets, as shown in in Figure 3 to the
right, we were able to estimate the ionospheric path delay using split-spectrum techniques.
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Figure 3 Two examples of spatially “wild” azimuth refinement offset fields. In the example to
the left the azimuth refinement offsets are of the order of several SLC pixels, in the example to
the right only a small fraction of an SLC pixel.
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In Step 5 we calculated the orbital and topographic phase (phase sim_orb) and in Step 6 the
differential interferogram (SLC diff intf) and the coherence. Figure 4 coherence illustrated
coherence values over tropical forest.
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Figure 4 BIOMASS-P coherence values over tropical forest. The area shown is located in the
Amazonas to the West of Manaus. The site includes primarily tropical forest, temporally flooded
tropical forest, and open water areas. The top images show the coherence of 3-day interval pairs
with different spatial baselines, the bottom images the coherence for different time intervals with
a similar spatial baseline around 300m.
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Figure 5  BIOMASS-P displacement time series over an area West of Manaus. The
displacements (up to > 20cm over 15 days) relate to water level changes below the flooded
forest.

Over unflooded tropical forest the coherence is close to 1.0 for short baselines (< 500m) and
temporal intervals up to 15 days (we did not test longer intervals). With increasing spatial
baselines, beyond 500m) the coherence decreases, even for short 3-day intervals. Over open
water the estimated coherence is very low (< 0.1). This low value in a low backscatter region is
also an indication for a very low azimuth ambiguity level. In the temporary flooded forest areas,
the coherence is very high for the short interval with short baseline case. Here it decreases with
an increasing temporal interval and with an increasing spatial baseline.

In the flooded tropical forest areas, the differential interferometric phase increases over time,
indicating increasing water levels below the forest (Figure 5). The example demonstrates a
potential of the P-band data for displacement studies. Displacements at cm to dm scale can be
mapped with BIOMASS data. Interpreting the observed differential interferometric phase as
topographic phase would result in height corrections of several hundred meter, for pairs with
short baselines (< 100m) — therefore this alternative interpretation of the observed differential
interferometric phase is not plausible.

5. BIOMASS P-BAND POLARIMETRY

Most BIOMASS P-band data are acquired in quad-polarization mode. The four polarization
channels acquired are hh, hv, vh, and vv. The quad-pol. data are suited for polarimetric studies.
It is, for example, possible to apply polarimetric decompositions to separate different scattering
mechanism, as “dihedral (or “double bounce”), “volume”, and “surface” scattering.

Within the GAMMA Software a range of polarimetric decomposition methods are supported.
Starting from the quad-pol. SLC data some decompositions can conveniently be applied using
the program quad pol decomposition.py. The decompositions supported include:
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: Scattering matrix components (HH, HV or VH, VV)

: Pauli decomposition

: H/A/alpha decomposition (entropy, anisotropy, alpha)

: H/A/alpha eigenvalue decomposition (lambdal, lambda2, lambda3)

: Cloude decomposition

: Freeman-Durden decomposition with complex multi-looking

: Freeman-Durden decomposition with single complex look and subsequent multi-looking

: Krogager decomposition (sphere, diplane, helix)

: Yamaguchi 2005, "A Four-Component Decomposition of POLSAR Images Based on the
Coherency Matrix"

9: Yamaguchi 2011, "Four-Component Scattering Power Decomposition With Rotation of

Coherency Matrix"
10: Average of Pauli, H/A/alpha eigenvalue, and Freeman-Durden decompositions

03NN WN—O

The command used, indicated here for the Freeman-Durden decomposition with complex multi-
looking (method 5), is

quad_pol _decomposition.py 20250606.hh.rslc  20250606.hh.rslc.par 20250606.hv.rslc  20250606.hv.rslc.par
20250606.vv.rslc 20250606.vv.rslc.par 5 FreemanDurden_ml.20250606 --rlks 1 --azlks 7

One of the outputs generated is a bmp rasterfile that visualizes the “dihedral”, “volume”, and
“surface” scattering components as the red, green and blue channels of the bmp file
FreemanDurden _ml.20250606.freeman_durden.Pd Pv_Ps.bmp. Figure 6 shows the resulting
decomposition images for the 6 acquisitions over the site west of Manaus. The flooded forest
areas that indicate the rising water level (Figure 5) signal, show yellow/orange colors which
correspond to a relevant fraction of dihedral (double bounce) scattering.

9 June 12 June 15 June 18 June 21 June
Figure 6 BIOMASS-P Freeman-Durden decomposition time series over an area West of
Manaus for 6 dates in June 2025. The RGB channels correspond to dihedral scattering (red),
volume scattering (green) and surface scattering (blue). Scatter mechanisms look very stable
along this time series.
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Besides the generation of multi-polarization composites and polarimetric decompositions it is
possible to determine phase and coherence between different polarization channels. The
commands used to calculate and visualize cross-polarization phase and coherence (shown for
hh — vv phase and coherence) are:

create_offset 20250606.hh.rslc.par 20250606.vv.rslc.par 20250606.hh_vv.off 1 1 7 0

SLC intf 20250606.hh.rslc 20250606.vv.rsic 20250606.hh.rslc.par 20250606.vv.rslc.par 20250606.hh_vv.off
20250606.hh_vv.diff 1 7

rasmph_pwr 20250606.hh_vv.diff 20250606.hh.rmli 1370 1 - 1 1 rmg.cm 20250606.hh_vv.diff-bmp
cc_ad 20250606.hh_vv.diff 20250606.hh.rmli 20250606.vv.rmli - - 20250606.hh_vv.cc 1370 3 8
rasdt_pwr 20250606.hh_vv.cc 20250606.hh.rmli.adfilt 1370 1 - 1 1 0.0 0.5 0 cc.cm 20250606.hh_vv.cc.bmp

For the acquisition of 6-Jun-2025 over the site west of Manaus the hh to vv polarization phase
difference and the related coherence are shown in Figure 7. For surface scattering no phase offset
is expected, while for dihedral scattering a phase offset of « is expected. The observed phase
offset in the flooded forest area is around 2 radian, corresponding to a mixture of dihedral and
other scattering. For all other areas the phase difference is close to zero, which is consistent with
surface scattering (e.g. water surfaces) and volume scattering (non-flooded forest). The hh to vv
coherence is high for surface scattering, such as the open water areas and other unforested areas
in this scene, and reduced for the other areas with mixed scattering mechanisms.
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Figure 7 The image to the left shows the BIOMASS-P HH — VV phase difference, on 6-Jun-
2025, over an area West of Manaus, the image to the right the corresponding HH to VV
coherence.
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6. MITIGATION OF IONOSPHERIC EFFECTS

Spatial variations in the free electron concentration in the ionosphere affect SAR Interferometry in two
ways:
1) path delay gradients in the azimuth direction cause positional shifts

2) the temporal variation of the ionospheric path delay affects the interferometric phase
The positional shifts can be accounted for in the SLC co-registration.

6.1. Correction of the co-registration for positional shifts related to along-track ionospheric
path delay gradients

Positional offsets caused by along-track ionospheric path delay gradients can be accounted for in the
SLC co-registration step. After applying the transformation calculated based on the orbit geometry,
considering the terrain height as obtained from a digital elevation model as the Copernicus DEM, an
offset field is determined using matching techniques. The co-registration is then refined by applying
this offset field in a second transformation step. The procedure can be done within the GAMMA
Software using the programs SLC coreg.py and SLC coreg refine.py, as indicated in Section 4.1.

6.2.  Ionospheric phase correction of interferograms

The interferometric phase not only contains information about ground geometry and displacement, but
also is influenced by change in the troposphere and ionosphere. Satellite-based SAR systems are
generally located at altitudes above 500 km, i.e. above a significant part of the ionosphere. The
interferometric SAR phase can be expressed as a sum of phase components. These are the orbital phase,
the topographic phase, the deformation phase, and the differential tropospheric path delay phase. All
of these are linearly dependent on the radar frequency. The ionospheric phase shift (in radians), or
ionospheric phase for short, on the other hand, is dispersive and inversely proportional to the frequency.

The concept of the split-spectrum approach is to determine separate interferograms for spectral sub-
bands, permitting separation of the dispersive and the non-dispersive phase terms based on its different
frequency dependence. Compared to the available L-band sensors (PALSAR, SAOCOM, Lu-Tan,
NISAR) the chirp bandwidth of BIOMASS-P is smaller, namely 6 MHz. Consequently, the spectral
difference between the split-spectrum bands is smaller, nevertheless the factor used to scale the double
difference phase depends also linearly on the sensor frequency, and is therefore similar to L-band data
with a bandwidth of about 20 MHz.

As derived in [1] the ionospheric phase and the non-dispersive phase can be written as a linear
combination of the differential interferogram ¢ and the double difference interferogram (¢x -¢r):

¢iono,0 = x¢0 + Z(¢H - ¢L) and ¢nd,0 = (1 - X)¢0 - Z(¢H - ¢L)

with X =+ j;H_fL and Z=-5— Jo
2 I0 ) (ry-r1) 2o I0)(ry-r1)
fu fL H=JL fu fL H™JL

The x and z factors for BIOMASS-P data with 6 MHz bandwidth and using the lowest and highest
third of the available spectrum for the split-spectrum approach are x = 0.499989 and z = -54.37936.
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The phases of the double difference interferogram are typically small, so that they can directly be
unwrapped using cpx_to_real, considering that the phases are in the lowest ambiguity. Unwrapping of
the differential interferogram can be done using mcf. Typically, applying a relatively strong multi-
looking, e.g. 5 x 35 looks, facilitates the unwrapping and is sufficient for the spatial resolution targeted
for the ionospheric phase screen. The program SSI INT supports the calculation of the double
difference interferogram. It applies the band-pass filtering for the split-spectrum interferometry using
bpf ssi (done on the original SLCs, not on the co-registered SLCs!), resamples the spectrally filtered
SLCs to the reference geometry, calculates the differential interferograms for full-bandwidth, and the
low and high sub-band, and calculates, filters and unwraps the double difference differential
interferogram. The program ionosphere _mitigation_factors.py can be used to calculate the ionosphere
mitigation model parameters. After unwrapping the full bandwidth differential interferogram (using
mcf) the ionospheric phase can be calculated using /in_comb. If needed this reduced resolution
ionospheric phase estimate can be resampled to the full resolution of the differential interferogram,
using resamp_image par and subtracted from the full resolution differential interferogram to get the
non-dispersive phase at full resolution.

For most of the examples investigated we observed in the resulting corrected differential interferogram
a certain overall almost linear phase trend. This trend may be related to imperfect baselines.
Unwrapping the interferogram and using quad_fit permits estimating this residual phase ramp and
quad _sub can be used to subtract it. Figure 8 shows the differential interferogram, the estimated
ionospheric phase, the resulting non-dispersive phase and the final corrected phase after subtracting an
additional linear phase ramp.

A high-level flow-chart of the ionosphere mitigation procedure is shown in Figure 9 with more detailed
information on the programs used indicated in Table 1.

(=]
wrapped phase [radian]

di io corr crr2

Figure 8 BIOMASS-P differential interferogram 20251212 — 20251215 over Maquinchao, Argentina
(diff), estimated ionospheric phase, (iono) the resulting non-dispersive phase (corrl) and final corrected
phase after subtracting an additional linear phase ramp (corr2).
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Figure 9 High-level float chart for ionosphere mitigation procedure. Further details, such as lists of

the main inputs and outputs of each step and the name of the Gamma Software programs used, are
indicated in Table 1.
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Table 1 Further description of the steps of the ionosphere phase identification and estimation process
shown in Figure 9. For the estimation of the ionospheric phase a relatively strong multi-looking may
be used (this makes the processing more robust and efficient). Furthermore, filtering the obtained
ionospheric phase may be considered, before subtracting it from the (higher resolution) differential

interferogram.

Nr - Name

Inputs

Outputs

Related Gamma Software programs

Remarks

1) SLC coreg.

datel .slc, date2.slc,
heights in related MLI geometry

date2.rslcl,
co-registration lookup table

SLC coreg.py

Co-registration based on orbit and
DEM geometry with a constant offset
refinement.

2) Split-beam

datel.slc, date2.rslcl

Split-beam double difference
interferogram

phase sim_orb, SLC_diff intf

interferometry Non-zero phase indicates ionospheric
SBI INT )
- effects or along-track displacements.
date2.rslc2, range and azimuth offset
datel slc, date2 rslcl fields, combinei co-reg. lookup table
3) Offset field Matching techniques are used to
refinement SLC coreg_refine.py determine an offset refinement field.
It refine It refine is used to determine the
refined co-reg. lookup table
datel.slc, date2.rslc2, Complex Differential interferogram
4) Differential heights in related MLI geometry (diff)
interferometry Phase includes deformation phase,

atmospheric phase, ionospheric phase.

5) Split spectrum

datel .slc, date2.slc
refined coreg-It

Split-spectrum double difference
interferogram (ssi_ddiff)

ionospheric phase

interferometry The sub-band SLCs are co-registered
SSLINT, bpf using the refined lookup table
6) Phase Complex differential interferogram Unwrapped differential interferogram
unwrapping fspf, mcf Spatial unwrapping with filtering
. e Complex valued images of twice the
7) Complex 2x Complex diff and ssi_ddiff ionospheric and non-dispersive phase

SSI _ionosphere.py

The advantage is that no unwrapping
of the diff. interferogram is needed.

8) Ionospheric
phase

Unwrapped diff and ssi_ddiff

Ionospheric phase

SSI _ionosphere.py
ionosphere mitigation factors.py

Calculate and apply scaling factors
used to get the ionospheric phase.
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