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Gamma Plugin for ArcGIS

* Provides support for SAR data in ArcGIS Pro, * Possibility to generate automated workflows
specifically for complex and detected SAR using Jupyter Notebook or ArcGIS
data delivered in radar geometry (slant range / ModelBuilder

azimuth or ground range / azimuth)  Datain “Gamma” format, e.g., SAR data in

 Powered by Gamma Software (GEO/LAT) radar geometry, consist of a binary image +
its associated parameter file(s)

(simple text files with parameters provided in
a keyword: value format)

« Current release includes following tools:

— Reading data from various sensors and
formats

— Geocoding and radiometric calibration

— Co-registration of SAR images
— Interferometric coherence calculation * Along the workflows, Gamma tools generate
guality information (e.g., geocoding quality)

« (Geocoded data (data in map geometry) are
typically converted into GeoTIFF format.

— Spatial filtering
— Multi-temporal processing and filters « Alog file is generated when running a tool of
— Change detection the Gamma Plugin for ArcGIS.

— Supporting tools
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Support for complex (e.g.: Single Look
Complex - SLC) and detected (e.g.: Ground
Range Detected - GRD) data in radar
geometry, i.e. in slant range / azimuth or
ground range / azimuth geometry.

Currently, support for 20 different SAR sensors
and multiple data types / formats.

We generally aim to support all spaceborne
SAR systems from which data are available.

Support for TOPS/ScanSAR, Stripmap,
Spotlight modes.

Output(s): Gamma SLC, burst SLC, and/or
Multi-Looked Intensity — MLI data

Reading data from various SAR sensors and formats

Geoprocessing
© Read SAR Data

Parameters Environments

v Input data
Input source
Sentinel-1
Data type
TOPS SLC
Polarization
w
Input format
| Zip file(s)

Input file(s) (supports multiple consecutive acquisitions from same date)

D:\Data\Examples\Gamma_Software_demo\Gamma_demo_ArcGIS\inputs\STA_IW_SLC__1SDV_20230

Precise orbits directory

OPOD
v Output data

Qutput directory

slc

Output data root name (e.g.: 20230907)

20230403

OQutput data type

Burst SLC

Qutput radiometric calibration

sigmal ellipsoid

v/| Output burst number table

v| Generate and display quicklook image(s)
v Processing options

v| Use noise levels

Data selection

From layer extent

Layer

Fribourg_COP_DEM_shd.tif
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Reading data from various SAR sensors and formats

« Support for complex (e.g.: Single Look
Complex - SLC) and detected (e.g.: Ground
Range Detected - GRD) data in radar
geometry, i.e. in slant range / azimuth or
ground range / azimuth geometry.

« Currently, support for 20 different SAR sensors
and multiple data types / formats.

 We generally aim to support all spaceborne
SAR systems from which data are available.

« Support for TOPS/ScanSAR, Stripmap,
Spotlight modes.

« Output(s): Gamma SLC, burst SLC, and/or
Multi-Looked Intensity — MLI data
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Geocoding and radiometric calibration

Uses the orbital state vectors and a Digital Elevation Model (DEM) to accurately resample SAR data

from radar geometry (slant range / azimuth) into map geometry (easting / northing or longitude /
latitUde)- slant range

azimuth

Sentinel-1 image in radar geometry (left) and terrain geocoded (right)
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Geocoding and radiometric calibration

« Compensation of the terrain-induced variations of backscatter values using a DEM for quantitative

backscatter value interpretation, e.g., for land use classification, biomass estimation, soil moisture,
monitoring of snow cover, etc.

* Note that a DEM with similar resolution as the SAR data is required for accurate compensation.

7 tagrano

Radiometrically calibrated Sentinel-1 image

(gammao terrain calibration)
aﬂMA REMOTE SENSING



Co-registration

« Pairs / stacks of SAR images acquired from
slightly different locations — spatial baseline.

« As aresult, SAR images in radar coordinates
have slightly different extents and geometries.

* Interferometric coherence estimation, change
detection, and multi-temporal filtering require
the SAR data to be accurately co-registered.
Interferometric coherence estimation requires
very accurate co-registration.

« Co-registration is performed by resampling
the secondary image in the same geometry as
the reference image (radar geometry).

« Transformation based on the orbital state
vectors and a DEM, can be refined using a
cross-correlation-based intensity matching
procedure.
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Interferometric coherence calculation

Interferometric coherence estimation from a
pair of SLCs.

The interferometric coherence is defined as

_ By
y =

\/Zixix;'k ZiZViylik

where x; and y; are the single look complex
values of SLC1 and SLC2, * stands for
conjugate complex, i.e., (a + jb)* = (a — jb).
The formula corresponds to the magnitude of
the complex multi-looked interferogram
divided by the geometric mean of the multi-
looked intensities.

Informs about changes between the two
Images within the resolution elements (e.g.,
vegetation growth, gravel movement, ...)

-0.8

Coherence

Interferometric coherence, Sentinel-1
acquisitions: 9-Aug-2019 and 21-Aug-2019
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Spatial filter

« For data in radar or map geometry

« The spatial filter tool includes following spatial filtering
methods:

— Average: includes average and weighted-average
(linear, Gaussian)

— BMa3D for SAR intensity image (Parrilli et al., 2012,
Cozzolino et al., 2014)

— BMa3D (generic, Dabov et al., 2007, Lebrun, 2012)

— Enhanced-Lee (Lopes et. al. 1990)

— Fast spatial filtering: filter optimized for large filter
kernels, includes average, weighted-average, linear
least-squares, median

— Frost (Frost et al., 1982)

— Gamma-map (Lopes et al., 1990)

— Lee .(Lee, 1981) TerraSAR-X MLI image, unfiltered
— Median (top) and filtered using BM3D for
SAR intensity image (bottom)
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Multi-temporal processing and filters

« For data in radar or map geometry

« Multi-temporal filtering can be applied to a
time-series to reduce the speckle noise. This
filtering method (Quegan et al. 2001) creates
a set of speckle-reduced images by linearly
combining registered images — speckle noise
reduction with minimal loss of spatial
resolution

« Application example: improved land-use
classification and changes in land-use

« Other processing types:

— Calculation of temporal average and
variability of a time-series.

— Sort and select image values (e.qg., pixel-
based min/max/median/xx-percentile
values).

Unfiltered (top) and multi-temporal filtered

(bottom) Sentinel-1 MLI image B |
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Change detection

« For data in radar or map geometry

« Compute either the ratio (A/B) between
intensity images or the difference (A-B)
between dB-scaled intensity images (or other
Images such as coherence).

* Includes spatial filters to reduce the speckle
noise when using unfiltered intensity images.

« Option to generate a thresholded image.

[F]Map X [0 Gamma_demo_ArcGIS *  Symbology - Fribourg.202304... ¥ # X

P &

X Primary symbology

[ Invert
[v] Edit min/max values
ue 10 0
1 -10 0
chty Minimum Maximum | Wl
ma 0
Statistics Mask | Advanced Labeling
2 s | Dataset
Option:
Mi 2246838
Max 26.569202:
Me 09045868
dev 323915398
6.9405447°E 46.7400058'N v elected Feat [0 |2 Catalog Rasterf.. History Symbol.. Export..
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Supporting tools

« Multi-look: * Linear to dB:
— Multi-look burst SLC (TOPS / ScanSAR), — Converts intensity values from linear to dB
SLC, MLI, or geocoded MLI data scale and vice versa
— The output is an MLI image Visualization:
— In case of burst SLC data, the data are ~ Visualize intermediate images in Gamma
mosaicked format

* Image cropping:
— SAR image cropping in radar or map
geometry to a selected area of interest

— Several methods available for the
definition of the area of interest

« Gamma to GeoTIFF:

— Converts Gamma geocoded images to
GeoTIFF format and vice versa
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Composite images

« Coherence product:

— A composite image can be generated using the coherence as the red channel, the
(in dB) as the green channel, and the backscatter standard deviation (in
dB) as the blue channel.

— It typically results in the water being blue and the forests being green.
— This composite image provides a high-contrast visualization of land cover.

« Composite images can also be generated, e.g., using backscatter intensity or coherence at different
dates.
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Composite image: coherence product with radiometric calibration

Map X [0 Gamma_demo_ArcGIS ¥ Symbology - Fribourg.20230403_202... ¥ * X Geoprocessing Sz
2 = © Composite Bands )
PAmary symbology Parameters Environments
[RGB v‘ Input Rasters @
Red |Band_1 S Fribourg.20230403_VV_20230415_VV.cc.tif ¥
Gieen | Band_2 N Fribourg.20230403_VV_gamma0_dB.rmli.tif v
8 IB 13 ’ X | Fribourg.20230403_20230415_VV_gamma0_dB.difference.tif v
ue and_: v ‘
olpia lNone i, Output Raster
[ invert [ Fribourg.20230403_20230415_WV_gamma0_cc_int_dif.tif |

Stretch type ‘Standard Deviation

Number of standard deviations

Gamma

Statistics = Mask

Statistics Dataset -
Options v
Min Max Mean Std. dev
Red 0.0018093: 0.9993407'| 0.1970537 | 0.1221821|

Green | -33.630207 35.985809! -9.6920314 3.8620947
Blue -44,690761 4.76669407 -2.325181¢| 1.5049268:

Composite Bands completed. o
View Details Open History

o= | I ‘e Catalog Raster Functi... History Symbolo... = Export Ras...
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Composite image: coherence product with radiometric calibration

« Several land cover types are easily recognized on that composite image:
— Water in blue (low coherence, low average backscatter intensity, large backscatter variations)

— Forests in green (low coherence, relatively high backscatter intensity, relatively low backscatter
variations)

— Man-made objects in yellow (high coherence, high backscatter intensity, low backscatter
variations)

— Areas in construction in cyan (low coherence, relatively high backscatter intensity, high
backscatter variations)

— Short grass in reddish purple (moderate coherence, low backscatter intensity, relatively low
backscatter variations)

— Grasslands in bluish purple (relatively low coherence, low backscatter intensity, relatively high
backscatter variations)

« Crops are highly variable and can range from green to purple depending on the crop type; their
shape is easily recognizable.
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Outlook

« Summer 2024 release:

— New tool added to the Gamma Plugin for ArcGIS to calculate polarimetric decompositions for
guad-pol and compact-pol data. The following decompositions are available: Pauli, H/A/alpha,
H/A/alpha eigenvalues, Cloude, Freeman-Durden, Krogager, m-chi, m-alpha, and m-delta.

— The same data selection options are now available for Sentinel-1 TOPS SLC data from zip
file(s) and from directory(ies): selection and concatenation of multiple consecutive acquisitions
as well as subswath and burst selection using various methods.

« Support for new sensors
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