UNIVERSITY COURSE APPLIED RADAR REMOTE SENSING

EXERCISE 12 — TUTORIAL

Land subsidence mapping using SAR interferometry
(INSAR) using the SNAP software
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1 | Exercise outline

In this exercise,we will:

e Explore the role of synthetic aperture radar (SAR) in detecting and
mapping land subsidence using Sentinel-1 data.

e Understand how to process SAR data to obtain information and
understanding of surface deformations

e Emphasise the sensitivity of SAR to small surface changes and
provide a comprehensive view of the subsidence dynamics.

e Learn how to detect displacement by means of band Math
expression and visualize results of displacement in Google Earth.
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2 | Background

Land subsidence, the gradual sinking of the
Earth's surface, caused by natural processes
like sediment compaction and human
activities such as groundwater extraction,
poses risks to infrastructure and ecosystems.
Effective monitoring and mitigation strategies
are crucial to address its impacts and ensure B —
sustainable land use. b T

Subsidence in Mexico City is a significant issue that has been occurring
for several decades. Excessive groundwater pumping, primarily for
residential and industrial use, has been one of the primary drivers of
subsidence in Mexico City. The groundwater extraction causes the clay
soils to compact, leading to the sinking of the ground surface. The
consequences of subsidence in Mexico City are severe. Infrastructure
such as buildings, roads, and pipelines can suffer damage or even
collapse as the ground sinks unevenly. Subsidence also increases the risk
of flooding during periods of heavy rainfall, as the ground settles below
the level of drainage systems.

Sentinel-1 satellite data through radar interferometry techniques, can
monitor subtle movements of the Earth's surface. With its frequent
revisits and global coverage, Sentinel-1 enables continuous monitoring
over large areas, aiding researchers and policymakers in assessing risks
and implementing m|t|gat|on measures for sustainable land management
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Image sources: https://www.science.org/content/article/sinking-mexico-
city-linked-metro-accident-more-come, https://www.esa.int/ESA_Multi-
media/Images/2014/12/Mexico_City_subsidence

UNIVERZITA

@ ecSa I _I USTAV GEOGRAFIE \P,!::g.é\lé:):g:ASAFARIKA




2.1 Study area and data used

For this exercise, we will use two Sentinel-1 GRD images of the same
area near Bago city, Myanmar, downloaded from the Dataspace
Copernicus Open Access Hub [@https://dataspace.copernicus.eu/].

Copernicus Open Access Hub
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2.2. SNAP - Open and explore product

Open SNAP Desktop, click Open Product and open 2 downloaded products
by double click on them. The opened products will appear in Product
Explorer window.

S1A_IW_SLC__1SDV_20230614T004845_20230614T004912_048975_05E3BC_2DAF.zip
S1A_IW_SLC__1SDV_20230906T004850_20230906T004917_050200_060ACB_D4DD.zip

Right-click on the “Intensity IW3_VV” band and select Open Image
Window to create and visualize the image of the band (or double-click on

it).
B (1] Intensity_IW3_VV - [STA_IW_SLC__15DV_20230614T004845_20230614T004912_048975_05SE3BC_2DAF] - [Z:\Projekty\2023_ESA_ENEUM\07_ucebne_materialy\Radarovy._... - m} X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q.+ Search (Ctrl+I

. { Y B cCP g Bae v viviy
&5 A b P = -MI_I.I_I_I_E LREAS BTN Oy ivisiy
| Product Explorer X Pu(ellnfo [ - | [ [1] Intensi >

w8 [1]S1AIW SLC 15DV, 20230614T004845 _20230614T004912_048975_05E3BC_2DAF
| & & [2] S1A_IW_SLC__15DV_20230906T004850_20230906T004317_050200_060ACE_D4DD

1aBeUR sel EI.I

| Navigation - [1] Intensit... | Colour Manipulation - [... | World View

Lat 19.0029° Lon -100.6255° Elev 576 meters

X =Y - lat - lon - 7oom - | evel — Pivel Snacina: —-m —m
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2.3 Pre-processing
S-1 TOPS Split

As the region of interest falls within 3 bursts of the Sentinel-1 image,
there's no need to process the entire sub-swath with all bursts. Instead,
extraction of Sentinel-1 TOPS bursts will be conducted per acquisition
and per sub-swath. This approach reduces processing time.

Navigate to Radar > Sentinel-1 TOPS > S-1 TOPS Split.

In the I/O Parameters tab, leave the default output name for the target
product name. The system inserts automatically the suffix of the split
process in order to discriminate the split product from the original data.

In the Processing Parameters tab, select the following parameters:
Subswath: IW3 Polarisations: VV Bursts: 3to 5

In Bursts selection drag arrows to the specified number of bursts. Then
click RUN. Repeat the split process for the second Sentinel-1 image:

B s-110ps spiit % | B s-170Ps spiit X
File Help File Help

1/O Parameters | processing Parameters 1/0 Parameters  Processing Parameters

Source Product Subswath:  |§ij3
source:

Polarisations: VH |
[1] 51A_Iw _SLC_ 15DV_20230614T004845_20230614T0045912_043975_0SE36C_2DAF w[[ e m

Bursts: 5 to 9 (max number of bursts: 9)

Target Product
Name:

S1A_IW_SLC_ 15DV_20230614T004545_20230614T004912_043375_0SE3BC_2DAF_split
[[]save as: |BEAM-DIMAP

Directory:
C:\Users\Onadillova\s 1A_IW_SLC__1SDV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ML

Open in SNAP

o ciose

Product Explorer X | Pixel Info \
=[] S1A_IW_SLC__ 15DV_20230614T004845_20230614T004912_048975_05E38C_2DAF_split R
. @[3 Metadata
D Vector Data
it (33 Tie-Point Grids
=-&3 Bands
- w3 w
-l qIw3_w
: -..[E} Intensity_IW3_VV
w-&4 [4] S1A_IW_SLC__1SDV_20230906T004850_20230906T004917_050200_060ACB_D4DD_split v

~{F}-{F}

Navigation ’ Colour Manipulation World View X e

| 200 Km

Off Globe
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2.4 Co-registration

The first processing step is to apply the orbit files in Sentinel-1 products
in order to provide accurate satellite position and velocity information.

Apply orbit file

Navigate to Main Menu - Radar - Apply orbit file

In the I/O Parameters tab, select the first product and name the target
product. There is no need to save the output as BEAM-DIMAP (we will save
the time this way)

In the Processing Parameters accept the default settings and select the
option,Do not fail if new orbit file not found"

Repeat for the second image.

Save the products with applied orbit files.

& Apply Orbit File e & Apply Orbit File x
File Help File Help
1/0 Parameters  Processing Parameters I/ Parameters  Processing Parameters

Source Procuct Orbit State Vectors: Sentinel Predse (Auto Download) v

saurce:

Polynomial Degree:
[3] S1A_IW_SLC__1SDV_202306 14T004845_20230614T004912_048975_05E3BC_2DAF _split « || ...

Do not fail if new orbit file is not found
Target Product
Mame:
S1A_TW_SLC__ 1SDV_20230614T004845_20230614T004912_048975_05E3BC_2DAF _split_Orb
[ save as: |BEAM-DIMAP
Directory:
C:\Users\Onadillovd\s1A_IW_SLC__15DV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ML

Open in SNAP

Run Close Run Close

Back-Geocoding

Next step will be to co-register the two Sentinel-1 images. For this
reason the second image (slave) will be co-registered with respect to the
first image (master). Sentinel-1 Back Geocoding operator co-registers
two S-1 split products (master and slave) of the same sub-swath using
the orbits of the two products and a Digital Elevation Model (DEM).

Navigate to Radar > Coregistration > S-1 TOPS Coregistration > S-1
Back-Geocoding:

In the ProductSet-Reader click on Add Opened icon and keep only the
products with the applied orbit files (in case there is more products, use
remove icon to delete them).

@& 5-1Back Geocoding x

File Mame Type Acquisition Track Orbit '=||.1|='
S1A_IW _SLC_ 15DWV_20230614.., |SLC 143un2023 78 48975
S1A_TW SLC_ 1SDV_20230906... |SLC 065ep2023 78 50200
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Back-Geocoding tab use default parameters, but also check “Output
Deramp and Demod Phase” option.

¢

ProductSet-Reader Back-Geocoding  wirite

Digital Elevation Model: SRTM 3Sec (Auto Download) -
DEM Resampling Method: BICUBIC_INTERPOLATION w
Resampling Type: BISINC_5_POINT_INTERPOLATION i

Mask out areas with no elevation

Output Deramp and Demod Phase

[ ] Disable Reramp

In the Write tab, select the directory to save your processing outputs.

Enhanced Spectral Diversity

In the next step, the Enhanced Spectral Diversity (ESD) operator is
applied after Back-Geocoding. The ESD method utilizes data from the
overlapping area of adjacent bursts and conducts range and azimuth
corrections for each burst.

Go to Radar > Coregistration > S-1 TOPS Coregistration > Enhanced-
Spectral-Diversity

In the I/O Parameters tab, select the last back-geocoded product.

By default, the output target is set to the same directory and appends
~€sd" to the filename.

In the Enhanced-Spectral-Diversity tab use the default parameters.

@ S-1Enhanced Spectral Diversity X @ 5-1Enhanced Spectral Diversity *
File Help File Help
T/jGParameters | processing Parameters 1/0 Parameters [T Barameters

Source Product
Registration Window Width: 512
source:

window .
[6] S1A_IW_SLC_ 1SDV_20230614T004345_20230614T004912_048975_0SE3BC_IDAF _split Orb_Stack || ... Registration Window Height: #

Search Window Accuracy in Azimuth Direction: | 16

Target Product Search Window Accuracy in Range Direction: | 16

Name: Window oversampling factor: 128 ~
S1A_IW_SLC__15DV_202306 14T004545_20230614T004912_048975_05E3BC_2DAF_split_Orb_Stack_esd Cross-Correlation Threshold: 01
Save as:  BEAM-DIMAP ~ Coherence Threshold for Outlier Removal: 0.3

Directory: Mumber of Windows Per Overlap for ESD: 10
Z:\Projekty\2023_ESA_ENEUM\07_ucebne_materialy\Radarovy_DPZ\practicals\exercise_12 e ESD Estimatar: Periodogram -
Open in SNAP Wieight function: Inv Quadratic ~
Temporal baseline type: Number of images o

Maximum temporal baseline (indusive): 4

Integration method: LiandL2 v

[[] Do not write target bands {store range and azimuth offsets in json files).

[] Use user supplied range shift (please enter it below)
The overall range shift in pixels: 0.0
[] use user supplied azimuth shift (please enter it below)

The overall azimuth shift in pixels: 0.0

Run Close
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2.5 Forming a Raw Interferogram

The next phase involves generating an interferogram using the the
interferometric pair (master and slave), while a coherence image
estimation from the stack of the coregistered complex images is induded.
To do this, follow these steps:

From the main menu bar, go to Radar > Interferometric > Products and
finally select Interferogram Formation.

In the I/O Parameters tab, choose the ,esd" product that was generated
during the previous step.

By default, the output target is set to the same directory and appends "ifg"
to the filename.

In the Processing Parameters tab set the following parameters:

Coherence Range Window Size: 20

Coherence Azimuth Window Size: 5

& Interferogram Formation X & Interferogram Formation X
File Help File Help

IjOParameters Processing Parameters 1O Parameters Processing Parameters

Source Product Subtract flat-earth phase
Source product:

Degree of "Flat Earth® polynomial 5 o
[7] S1A_Iwi_SLC__1SDV_20230614T004845_20230614T004912_048975_05E38C_2DAF _split_Orb_Stack_esd + || ...
Number of "Flat Earth” estimation paints | 551

Orbitinterpolation degres 3
Target Product

Mame: [ subtract topographic phase
51A_IW_5LC__1SDV_202306 14T004845_202306 1470049 12_048975_05E3BC_2DAF_spit_Orb_Stack_esd_ifg Digital Elevation Model: SATM 35ec (Auto Download)

Save as: | BEAM-DIMAP - Tile Extension [%] 100

Directory: Output Elevation

7:\Projekty\2023_ESA_ENEUM|D7_ucebne_materialy \Radarovy_DPZ\practicals\exerdise_12 Output Orthorecified Lat/Lon

Open in SMAP Include coherence estimation

Square Pixel ] Independent Window Sizes
Coherence Range Window Size 0

Coherence Azimuth Window Size 5

Run Close Run Close

TOPS Debursting

The next stage in interferometry using Sentinel-1 TOPS mode (IWS) data
involves "debursting" or merging the bursts - the focused complex burst
images are assembled in azimuth-time sequence to form a unified sub-
swath image, with black-fill borders separating them. There is ample
overlap between neighboring bursts and sub-swaths to guarantee
continuous ground coverage. All burst images in all sub-swaths are
resampled to a consistent pixel spacing grid in both range and azimuth,
while retaining the phase data.

From the main menu bar, navigate to Radar > Sentinel-1 TOPS > S-1
TOPS deburst:

In the I/O Parameters tab, choose the "Orb_Stack_esd" product generated
during the interferogram formation process. By default, the output
appends "deb" to the filename.

@esa @&, USTAV GEOGRAFIE AL SO SAFARIK
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In the TOPSAR-Deburst tab select Polarizations: VV. Click on the ,,RUN".

& 5-170PS Deburst X & 5-1TOPS Deburst X
File Help File Help
[JGParameters | processing Parameters 1/ Parameters Processing Parameters

Source Praduct Potaisatior: (N

source:
[8] S1A_IW_SLC__1SDV_20230614T004845_20230614T004912_048975_0SE3BC_2DAF spiit_Orb_Stack_esd fg  ~ || ..

Target Product
Name:
S14_IW_SLC__1SDV_20230614T004345_202306 1470049 12_D43975_0SE3BC_2DAF_spiit_Orb_Stack _esd_ifg_deb
Save as: BEAM-DIMAP v
Directory:
2:\Projekty\2023_ESA_ENEUM\07_ucebne_materialy \Radarovy_DPZ\practicalsexercise_12

Open in SNAP

= R | [

The new product will appear in the Product Explorer window. The
processing might take some time depending on your machine.

Product Explorer X ‘ Pixel Info ‘ —_ ‘{n [9] Phase_ifg_IW3_VV_14Jun2023_065ep2023 Xl
G- (@2 Metadata P
-3 Vector Data
-3 Tie-Point Grids
=-&3 Bands

[ iifa_IW3_VV_141un2023_065ep2023

i n q_ifg_IW3_VV_14Jun2023_06Sep2023

[ Intensity_ifg_IW3_VV_141un2023_06Sep2023

: m Phase_ifg_IW3_VV_14Jun2023_065ep2023 v
< >

J1abeUR sel II.J

Navigation - [9] Phase...“ Colour Manipulation -... ‘ World View

200 Km

5
Off Globe Downloading

Create subset (optional)

In the earlier stages of processing, empty pixels (green pixels on the
interferogram) along the interferogram's perimeter may have been
created, particularly in regions not overlapped by both input images. To
remove these sections, employ the Subset function found under Raster.
This approach will also decrease processing time in subsequent stages,
especially when the analysis is concentrated on a specific area rather than

tha antira crana
Product Explorer X | PixelInfo | — | [ 01 Phase_ifg_Tw3_vv_141un2023 06Sep2023 X | v o
S [3] S1A_IW_SLC_ 1SDV_20230614T004845_20230614T004912_048975_0SEH A
[4] S1A_IW_SLC__1SDV_20230906T004850_20230906T004917_050200_060A
[5] S1A_IW_SLC__15DV_20230614T004845_20230614T004912_048975_05E3
[6] S1A_IW_SLC__1SDV_20230614T004845_20230614T004912_048975_0SE3
[7] S1A_IW_SLC__1SDV_20230614T004845_20230614T004912_048975_05E3
[8] S1A_IW_SLC__1SDV_20230614T004845_20230614T004912_048975_0SE3
[5] S1A_IW_SLC__ 1SDV_20230614T004845_20230614T004912_048975_0SE3!
[10] subset_0_of S1A_IW_SLC__1SDV_20230614T004845_20230614T004912, v

Jabeuey ysep uq

0 0 0 Y Y A D

Off Globe
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The next step involves removing the topographic phase from the debursted
interferogram using a Digital Elevation Model (DEM).

To proceed with topographic phase removal, follow these steps:

From the main menu bar, navigate to Radar > Interferometric > Products
Topographic Phase Removal:

In the I/O Parameters tab, choose the "Orb_Stack ifg_deb" product
generated during the deburst step.

By default, the output appends "dinsar" to the filename.

The Processing Parameters tab indicates that the default setting is to
download the SRTM 3-arcsecond DEM, which is suitable for basic

processing. Select the “"Output topographic phase band” option and keep
the default parameters.

& Topographic Phase Removal X @ Topographic Phase Removal X

File Help

File Help

urce Product
Source product:
[10] subset_0_of S1A_IW_SLC__15DV_20230614T004§45_202306 14T004912_043975_DSEIBC_2DAF_split_Orb_Stack_esd_ifg deb  + ||...

e SRTM 35ec (Auto Download)

arget Produc Output topographic phase band
Name: [ ©utput elevation band
[ Gutput orthorectified LatAon bands

EEAM-DIMAP

[ saw
Di

ojekty\2023_ESA_ENEUM\07_ucebne_materialy Radarovy_DPZ \practicals\exercise_12
Open in SNAP

Multi-Looking and Filtering

There are two methods to minimize noise in the interferogram: filtering
and multi-looking. While standard procedure involves applying filtering
initially, it's also possible to opt for multi-looking first.

Multilooking

Multi-looking involves averaging several pixels in each direction, a process
referred to by radar engineers as "taking multiple looks." This leads to
larger pixels and has the potential to significantly diminish noise.

The extent of multi-looking required depends on the desired spatial
resolution and the spacing of the fringes.

To initiate multi-looking:

From the top main menu bar, select Radar > SAR Utilities > Multilooking.
In the I/O Parameters tab, choose the "dinsar" product generated by the
previous step. By default, "ML" is appended to the output name.

In the Processing Parameters tab set the following parameters:

Number of Range Looks: 8

Number of Azimuth Looks: 2

V KOSICIACH
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@& Multilooking

File Help

/O Parameters  processing Parameters

Source Product

SOUrce:;

[11] subset 0_of S1A_IW SLC_ 1SDV_20230614T004345_20230614T004912 043975 05E3BC_2DAF_split Orb_Stack_esd_ifg_deb_dinsar -

Target Product

Mame:
subset_0_of S1A_IW_SLC__15DV_20230614T004845_202306 14T004912_048375_0SE36C_2DAF_split_Orb_Stack_esd_ifa_deb_dinsar_ML
[[] save as: |BEAM-DIMAP
Directory:
Z:\Projekty\2023_ESA_ENEUMYO7_ucebne_materialy\Radarovy_DPZ\practicals\exercise_12

Open in SNAP

& Multilocking 4
File Help

/0 Parameters Processing Parameters

Source Bands: i_ifg_WV_141un2023_065ep2023

q_ifg_VV_14Jun2023_065ep2023
Intensity_ifg_Vv_14lun2023_065ep2023_ifg_srd_VV_14Jun2023_065ep2023
Phase_ifg_srd_VVW_14Jun2023_065ep2023
topo_phase_VV_14Jun2023_065ep2023
coh_IW3_VV_14Jun2023_065ep2023

GR Square Pixel [] independent Looks
Mumber of Range Looks: |

Mumber of Azimuth Looks: |2
Mean GR Square Pixel: 27.361336
[] utput Intensity

MNote: Detection for complex data
is done without resampling.

Cloze

Filtering
To begin filtering, navigate to Radar > Interferometric > Filtering >
Goldstein Phase Filtering from the top main menu bar.

In the I/O Parameters tab, choose the ,ML" product generated in the
previous step.

By default, the output name includes "flt."

@esa @ USTAV GEOGRAFIE o O
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In the Processing Parameters tab set the parameters as defined below:
Adaptive Filter Exponentin (0,1]: 1.0
FFT Size: 128

@ Goldstein Phase Filtering >

File Help

IjO Parameters  Processing Parameters
Source Product
Source product:
[12] subset_0_of S1A_Iw _SLC__1SDV_20230614T004845_20230614T004912_048975_05E3BC_2DAF _split_ Orb_Stack_esd_ifo_deb_dinsar_ML -

Target Product

Mame:

subset_0_of _S1A_IW_SLC__ 1SDV_20230614T004845_20230614T004912_048975_05E3BC_2DAF_split_Orb_Stack_esd_ifg_deb_dinsar_ML_fit

BEAM-DIMAP
Directory:
Z:\Projekty\2023_ESA_EMEUMNDZ _ucebne_materialy\Radarovy_DPZ\practicals\exercise_12

Open in SNAP

Run Close
& Goldstein Phase Filtering *
File Help
1jO Parameters Processing Parameters
Adaptive Filter Exponent in (0,1]: 1.0
FFT Size: 128 w
Window Size: 3 w
[] use coherence mask
Coherence Threshold in [0, 1]: 0.2
Run Close

In this step we have to save the output, which is the multilooked and
filtered differential interferogram.
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2.6 Phase Unwrapping

Unwrapping in SNAP follows three distinct steps:

1. Export of the wrapped phase (and definition of the parameters)
2. Unwrapping of the phase (performed outside SNAP by snaphu)
3. Import of the unwrapped phase back into SNAP

Export of the wrapped phase
Export your interferogram or your subset interferogram from Sentinel-1
Toolbox to SNAPHU:

From the top main menu bar, navigate to Radar > Interferometric >
Unwrapping > Snaphu Export.

In the Snaphu Export window:
In Read tab, select the last “fit” product created by the Goldstein Phase
Filtering step

&= Snaphu Export >

Read  snaphuExport

Source Product
MNarme:

[13] subset_0_of S1A_IW _SLC_ 1SDV_20230614T004845_20230614T004912_048975_05E3BC_IDAF_split_Orb_Stack... -

Data Format: Any Format e

Advanced options

In Snaphu Export tab specify a target folder for export. Create a new
target folder for this step by entering a path and new folder name (e.g.
~shaphu_export). If the selection of the directory does not work, simply
copy and paste the path of your working directory into the text field.

Also, set the parameters as indicated below:
Statistical-cost mode: DEFO

Initial method: MCF

Number of Tile Rows: 1

Number of Tile Columns: 1

Row Overlap: 0

Column Overap: 0

Note: The number of tile rows, columns can be changed to e.g. “1”
because we don’t need multiple tiles after multilooking. Depending on the
number of processors of your computer, you can also increase the Number
of Processors variable.

UNIVERZITA
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& Snaphu Export x

Read SnaphuExport

Target folder: Z:Projekty\2023_ESA_EMEUMYO7_ucebne_materialy\Radarovy_DPZ\practicals\exercise_12'snaphu_export
Statistical-cost mode: | DEFO w
Initial method: MCF
Number of Tile Rows:

Mumber of Tile Columns:
Mumber of Processors:

Row Qverlap:

allallal =4

Column Qwverlap:

Tile Cost Threshold: 500

&l Save @l Help [:: Run

Click Run to create the SNAPHU_Export file. This step might take some
time depending on your PC.

The folder now holds files used for phase unwrapping:

» the coherence: image (*.img) and metadata (*.hdr)

» the wrapped phase: image (*.img) and metadata (*.hdr)

« the unwrapped phase: only the metadata (*.hdr), because the image
(*.img) is first to be created

by snaphu in the next step.

= a configuration file (snaphu.conf) containing the parameters defined in
the export operator

Cesa @& USTAV CEOCRAFIE
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Unwrapping of the phase
You should see the wrapped interferogram phase "“Phase_ifg*.img”,
coherence “coh_*.img”, and a “snaphu.conf” file.

For the next step, you will need to instal SNAPHU in Windows. SNAPHU is a
tool for phase unwrapping of interferometric information. To use it as an
executable file (*.exe) in Windows it has to be compiled first so all required
drivers (*.dll) are installed correctly. Follow the steps for installation here:
file:///C:/Users/Ona%C4%8Dillov%C3%A1/Downloads/Installation_ SNAPH
U_English_ABraun.pdf

To start unwrapping, check the location of the interferogram exported from
SNAP. If snaphu.exe is not in your system’s PATH variable: Copy it in there
as well. It is recommended to store the data and snaphu on the same disk.
Open Command Window Here.

Type snaphu and hit Enter. The help menu should be displayed.

B Prikazovy riadok — O X

C:\Users\Onacillova>snaphu

phu [options] infile linelength [options]

for initial n (default)
use MC ithm for initial

type snaphu -h for a complete list of options

The command to start the unwrapping is shown in the file snaphu.conf.
Open it with a text editor. The beginning of the “snaphu.conf” file shows
the command to call Snaphu

J snaphu — Poznamkovy blok

Sibor L:Ipra\l}r Format Zebrazit Pomecnik
# CONFIG FOR SNAPHU

B
# Created by SNAP software on: 17:85:4@ 17/82/2024

#

# Command to call snaphu:

#

# snaphu -f snaphu.conf Phase ifg W 14Jun2823 865ep2823.snaphu.img 2552
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file:///C:/Users/OnaÄ�illovÃ¡/Downloads/Installation_SNAPHU_English_ABraun.pdf

B Prikazowy riadok - O x

aphu -f snaphu.conf Phase_ifg

lines total)

The Snaphu program can take a long time to run. At the end it writes
unwrapped phase to “"Unw_ifg*.img"” file

Import of the unwrapped phase

Now, we import the unwrapped phase. From the top main menu bar, select
Radar > Interferometric > Unwrapping, and then Snaphu Import that
converts it back into the BEAM DIMAP format and adds the required.

Read-Phase: should be set to the wrapped product that you
exported(before the export)

Read-Unwrapped-Phase: select the unwrapped phase product: Navigate to
folder where you exported for Snaphu. Select the
“UnwPhase_ifg*.snaphu.hdr” file. Note: The error message will then vanish
if you proceed to the next tab.

Snaphulmport: Leave the option “Do NOT save Wrapped interferogram in
the target product” unchecked, because it is required in the later step.
Write: To store the imported unwrapped band in a separate product
(recommended), add '_unw’ to the end of the output name and click Run.

Finally, a new product is added to the Product Explorer which contains the
the unwrapped phase that we can display.
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& snaphu Impert X @ Snaphulmport

2-Read-Unwrapped-Phs 4rite

Source Product
Name:

UnwPhast

2Read-UnwrappedPhase  3-Snaphulmport  4-Write

[23] subset_0_of_S1A_IW_SLC__15DV_20230614T004345_202306 14T004912_048975_0SE3BC_2DAF_split_Orb_Stack_esd_ifg_deb_dinsar ML_flt ~ ... e_if_WV_14Jun2023_065ep2023.snaphu
Dats Format: Any Format. ~ Data Format: Aany Format
Advanced options Advanced options

By | @veb | Sorn

Bsoe | @b | [rm

& Snaphu Import X @ Snaphu Import

Hrite

irite: d-Phase | 2Read-Unwrapped-rh
Target Product

B8 6T 530S irappad intar eroram in e tardet prodiied

0_of_S1A_IW_SLC__1SDV_20230614TD04845_202306 14T0049 12_048975_0SE3BC_2DAF_spit_Orb_Stack_esd_ifg_deb_dinsar_ML_fit_unw|

BEAM-DIMAP -
Directory:
Z:\Projekty\2023_ESA_ENEUM\D7_ucebne_materialy Radarovy_DPZ'practicals\exercise_12

Bsave | @rep | [Drn By | @rep | [rn

Select the Unw_Phase_ifg band. Double click on this unwrapped phase
to see if the unwrapping was successful. It should be a smooth raster
with little variation except for the areas of expected deformation.

All fringe patterns are summarized to absolute changes. Go to the Colour
Manipulation tab and select "100%" to stretch color scale to full range of
unwrapped data. Unwrapped phase is still in radians. Phase is reference
image minus coregistered image. If reference image is earlier, then
negative phase is land moving toward satellite (negative range change)

ﬁ [14] Unw_Phase_ifg_14Jun2023_065ep2023 - subset_0_of_S1A_IW_SLC__1SDV_20230614T004845_20230614T004912_048975_05E3BC_2DAF _split_Orb_Stack_esd_ifg_deb_dinsar_ ML flt_unw .. — (m] X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q‘ Search (Ctrl+1)
£ z : \ ¥ > ™ ooa O GCP e
ag G LA PIQ A @Bl > AHBRELTB XN O ALy iviv
-_ ﬂ [14] Unw_Phase_ifg_14Jun2023_065e v o 4

Product Explorer X | Pixellnfo |
— [0 Subset_U_ot S TA_IW_SLC__ISDV_202306 141004895 202306 1410049 T2_U48975_USE36C_2DAF _Spit_Urb_Stack_esd_itg_deb

[11] subset_0_of_S1A_IW_SLC__1SDV_20230614T004845_20230614T004912_048975_05E3BC_2DAF _split_Orb_Stack_esd_ifg_deb_dinsar
[12] subset_0_of S1A_IW_SLC__1SDV_20230614T004845_20230614T004912_048975_0SE3BC_2DAF _split_Orb_Stack_esd_ifg_deb_dinsar_ML

[13] subset_0_of_S1A_IW_SLC,

-7
#
+
+

1SDV_20230614T004845_20230614T004912_048975_05E3BC_2DAF _split_Orb_Stack_esd_ifg_deb_dinsar_ML_fit

D

= [14] subset_0_of_S1A_IW_SLC__1SDV_20230614T004845_20230614T004912_048975_05E3BC_2DAF _split_Orb_Stack_esd_ifg_deb_dinsar_ML_fit_unw
+- (@ Metadata
- (33 Vector Data
- (@3 Tie-Point Grids
=-&3 Bands
[ Unw_Phase_ifg_141un2023_065ep2023

- [14] Unw_Phase_ifg_14Jun2023_06Sep2023 Colour Manipulation - [14] Unw_Phase_ifg_14Jun2023_06Sep2023 iWOrld View X \

1000 Km

Off Globe

UNIVERZITA
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2.7 Phase to displacement

We can convert the unwrapped phase to displacements. From the top main
menu bar, select Radar, then Interferometric, then Products, and then
Phase to Displacement.

The I/O Parameters tab should be set to the unwrapped product that you

@esa @ USTAV GEOGRAFIE

imported.

Default for target product name is to add “_dsp” to the name

@ Phase to Displacement

File Help

IjO Parameters | Processing Parameters

Source Product

source:

[14] subset_0_of S1A_IW_SLC_ 1SDV_20230614T004845_20230614T004312_048975_05E36C_2DAF _split_Orb_Stack_esd_ifg_deb_dinsar_ML_fit_unw  «

Target Product

Mame:

subset_0_of S1A_TW SLC_ 13DV_20230614T004845_20230614T004912_048975_0SE3EC_IDAF_split_Orb_Stack_esd_ifg_deb_dinsar_ML_fit_unw_dsp

BEAM-DIMAP

Directory:

Z:\Projekty\2023_ESA_ENEUMYO7_ucebne_materialy\Radarovy_DPZ\practicals\exerdse_12

Open in SNAP

Run Close

In the Product Explorer window select the “displacement” band from the

new opened product to
window. Displacements is now in meters.

open the displacement product in the view

E [15] displacement - [subset_0_of_S1A_IW_SLC__15DV_20230614T004845_20230614T004912_048575_03E3BC_2DAF _split_Orb_Stack_esd_ifg_deb_dinsar_ML_flt_unw_dsp] - [not saved] - SM... - [m] x

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

= & & & d

Paol A2 lORMY ABKEL S

o

K

Q- Search (Crl+1)

LW L @B A

o

oo, TTrOTTT I U

roduct Explorer X | Pixelinfo |
kil - Y

=
=

T AR ST _ueD_aTsar

f

—c
[13] subset_0_of_S1A_IW_SLC__150V_202306 14T004845_20230614T004912_048975_0SE3EC_2DAF _split_Orb_Stack_esd_ifg_deb_dinsar_ML_fit

&t

&

o}

30 Metadata
3 vector Data
- (53 Tie-Point Grids
E!a Bands
“[E displacement

[14] subset_0_of S1A_IW_SLC__15DV_202306 14T004845_20230614T004912_048975_05E3BC_2DAF _split_Orb_Stack_esd_ifo_deb_dinsar_ML_fit_unw
&4 [15] subset_D_of 51A IW SLC_ 15DV_20230614T004845_20230614T004912 048975 0SE38C_2DAF split Orb_Stack esd ifg_deb_dinsar ML fit unw_dsp

F [15] displacement X
Rl

UNIVERZITA
PAVLA JOZEFA SAFARIKA
V KOSICIACH

5|

fgation - [16] displacement [Colour ~[A5Tdi nent X | World View |

Unit: meters —
Min: -0.283 I
Max: 0.032 o
00%
&8
# =
&
&

=] =] n
s 5 35
“ @




2.8 Geocoding results—Terrain Correction

Terrain corrections aim to mitigate distortions in SAR images caused by
topographical variations in the scene and the tilt of the satellite sensor
These corrections seek to ensure that the geometric representation of the
image dosely aligns with real-world conditions. SNAP calls geocoding with
topography “Terrain Correction.”

From the top main menu bar, select Radar, then Geometric, then Terrain
Correction, and then Range-Doppler Terrain Correction:

The I/O Parameters tab should be set to the displacement product that
you.
Default for target product name isto add *_TC” to the name

1 Range Doppler Terrain Correction b

File  Help

If0 Parameters  processing Parameters
Source Product
source:

[15] subset_0_of S1A_IW_SLC_ 15DV_20230614T004845_20230614T004312_048975_05E3BC_2DAF_split_Orb_Stack_esd_ifo_deb_dinsar_ML_fit unw_dsp

Target Product
Name:

subset_0_of S1A_IW_SLC_ 15DV_20230614T004845_20230614T004912_048975_05E3BC_2DAF _split_Orb_Stack_esd_ifg_deb_dinsar_ML_fit_unw_dsp_TC

[ &av 53 | BEAM-DIMAP

Z:\Projekty\2023_ESA_EMEUMYO7_ucebne_materialy\Radarovy_DPZ\practicals\exerdse_12

Open in SNAP

. & Range Doppler Terrain Correction X
In the Processing Parameters "
tab, select the Source Band e Procemsng Prneis
("d I S pl aceme nt“) . Source Bands: displacement

Set also these parameters as
following:
Pixel Spacing (m): 100

. . . Digital Elevation Model: SRTM 3Sec {Auto Download) w
Map Projection: WGS84(DD) ,
DEM Resampling Methad: BICUBIC_INTERPOLATION ~
Image Resampling Method: BISTNEC 5 BOIT NTEAPGLATION ;
. Source GR Pixel Spacings (az x rg):  27.9377(m) x 256.784518349785654(m)
N OW, We Ca n dIS pla y Pixel Spacing (m): 100
. Fixel Spacing (deg): 8.9831528411952156-4
displacement_vv band of Ve Praecton: WeSBHDD)
g e o CO d e d re s u I t . Mask out areas without elevation [ ] Output complex data
. Output bands for:
Aga | n, bette r to St retCh COIorS . [] Selected source band [Joem [ Latitude & Longitude
P ro d u Ct is n OW eve nl y s pa Ce d I n [ Incidence angle from elipsoid [ ] Local indidence angle [ ] Projected local incidence angle

. . [] Layover Shadow Mask
latitude and longitude. o

[] Apply radiometric normalization
Save Sigmal band Use projected local incidence angle from DEM
Save Gammal band Use projected local incdence angle from DEM
Save Betal band

Auxiliary File (ASAR only): Latest Auxiiary File

RUn Close
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Product Explorer X | Pixellnfo | [ (15] displacement_WW X e

>

&S [10] subset_D_of S1A_IW_SLC__15DV_20230614T004845_202306 1470048 12_048975_0SEIBC_2DAF _split_Orb_Stack_esd_ifg_deb
& [t1] subset_D_of_S1A_IW_SLC__1SDV_20230614T004345_202306 140045 12_048975_0SEIBC_2DAF _split_Orb_Stack_esd_ifg_deb_dinsar
& [12] subset_0_of S1A_IW_SLC

__1SDV_20230614T004845_20230614T004912_048975_0SE38C_2DAF _spiit_Orb_Stack_esd_ifg_deb_dinsar_ML
@&l [13] subset_0_of S1A_IW_SLC_ 1SDV_20230514T004845_20230614T004912_048975_0SE3BC_2DAF_spiit_Orb_Stack_esd_ifg_deb_dinsar_ML_fit
&S [19) subset_D_of_S1A_IW_SLC__1SDV_ .

i . 15DV_202306 14T004845_20230614T004912_046975_0SEIBC_2DAF _spitt_Orb_Stack_esd_ifg_deb_dinsar_ML_fit_unw

@& [15] subset_D_of S1A_IW_SLC_ 15DV_20230614T004845_202306 14T004912_048975_0SEIBC_2DAF_spit_Orb_Stack_esd_ifg_deb_dinsar_ML_fit_unn_dsp
& [15] subset_0_of S1A_IV_SLC_ 1SDV_20230514T004845_20230514T004912_048975_0SE3BC_2DAF _spit_Orb_Stack_esd_ifg_deb_dinsar_ML_fit_unw_dsp_TC
(2] Metadata

-3 Vector Data

m-&

£+ Bands
@ displacement itV v
Navigation - [16] displacement_VV' |Colour Manipulation - [16] displacemen( WV X | World View -
~
Editor: () Basic (@) Sliders () Table 2

Mame: displacement_VV
Unit: meters
Min: -0.274
Max: 0,032

Note: By appropriate post-processing of the disblacement product (masking
of the incoherent values) more accurate measurements can be produced.

2.9 Export .kmz to Google Earth

Geocoded products (projected to WGS84) can be exported as a KMZ file to
view in Google Earth (Pro):

In the SNAP - right click on the elevation raster in the View tab (or
navigate to File > Export > Other > View As Google Earth KMZ)

Choose a directory and name to save the output .kmz, confirm with Save.
Open the resulting KMZ file in Google Earth (Pro) to observe the elevation
patterns overlaid on the satellite image base map.

& Google Earth Pro = o X
Stibor Upravit' Zobrazit’ Ndéstroje Pridat’ Pomocnik
" Vyhfadavat O Glolsiels 0k @ (I DElame
T S
(meters) | G ~ s N
N 0.274 ; = B s evsie
Ziskat' trasu Histéria
Y Miesta
r /= Moje miesta . E: :
» /@ Ogled znamenitosti = 5 v 1 :
B 0 eS8 N
0.121 e o &af NG e
r /& Dotasné miesta - 2 . ; SSERE. 2 N

v /= displacement VV

> INezahtialed
e &
Y& Legend o
o LesRe
Q @ + ¥ 0 5 L
Y Vrstvv &n R N
» B2 primérne databazy B
B Oznamy
~ /¥ Hranice a oznatenia -
*'¥ Hranice
?/'* Oznacenia Sen Migual TeplEie
Miesta
» = Fotografie
¥ Cesty
» /& Budovy 3D e Sen Anfeni
» %% potasie 4 s - At ’?o“ A y Sen Pelblo CAuiepes
b i et Vile Wipe Ao
» L0 viac L s o [PEmes .
Y Terén A1 0 e % R Ty GleEe
5 Datumisni 10216122 o10/52M 5520 I

For more information, see the lecture: 12. SAR for land subsidence
THANK YOU FOR FOLLOWING THE EXERCISE!
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https://uge-share.science.upjs.sk/webshared/ESA_ENEUM/Applied_Radar_RS/Lectures/Lecture_12.pdf

