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Project objectives

Develop an advanced pre-
processing of SAR data based on
| Al to reduce the speckle effect.

Concept utilisation to filter the
complex-value SAR data for
| advanced interferometry.

Develop sub-pixel SAR-to-
optical matching techniques
| based on Al resp. ML methods.
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To demonstrate the
usability and to
validate the products
via UCs:

eodc forum 2024
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UC validators

1. Data Cube ingestion to
facilitate distribution of the data.

2. Forest monitoring to
@21) demonstrate the novel SAR
pre-processing.

3. Deformation monitoring
JOANNEUM »))))‘ based on advanced phase and
~ coherence estimation.

®anrsus 4. GCP transfer from SAR to
optical images.
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Data Centre

* SAR images contain speckle:

25.06.2024

arises from local constructive or
descructive interference ->
homogenous areas appear
,noisy”

Many methods for reducing
speckle —some can lead to
oversmoothing/blurring the
image

Goal: develop Al based speckle
filter for SAR backscatter images
and publish this dataset

eodc forum 2024

JOANNEUM \
RESEARCH )))))
nformatics
© AIRBUS

DEFENCE & SPACE

Example image from 1st
March 2021

Applied Lee filter (speckle
filter based on local
statistics)
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CopDEM?»Dm W DEM Cutout ‘.—f CopDEM 30m
(global mosaic) J L (scene extent)

Eorder Nmse Thermal Moise Radiometric - RD Terrain >
pply Orbit Fle>> Reoval Remaoval >> Calibration >> Gap Filling >> Correction
Sigma Nought Encodin Equi7Grid | Sigma Nought .
(10m sampling, linear, (@B, Int1g} F{esampllng » (20m sampling, dB,
LatLon) J and Tiling | Equi7)

Border NDISE Thermal Moise Radiometric RD Terrain >
pply Orbit F”E>> Reoval Remaoval >> Calibration >> Gap Filling >> Correction

Standart SAR l

pre-processing S-1 Level-1 Scene
chain

-

R

Advanced SAR
pre-processing
chain

{5—1 Level-1 Scene
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RESEARCH )
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* U-Net Neural Network adaptions
for SAR despeckling

Learn speckle noise

U-NET depth

Loss function

U-NET n (more input images)

* Improve training

e Select tiles using additional
thresholds

* Include LULC map
* Train VV and VH separately

25.06.2024 eodc forum 2024
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Speckle Despeckled
Input Images U-Net Estimate Image

» Tiles: 348 x 348 Pixe[
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Original Including the AI4SAR speckle filter
‘ - . : - : -‘i:‘ 5 : . E
: .'3-"' i B
e A 7 57:‘;2":‘,%'
Sentinel-1, 02/12/2023, VV| polarization
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Data Centre
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AI4SAR Despeckled Sentinel-1 Sigma0 (20m)
in EODC Data Catalogue

Description
Sentinel-1 Despeckled Sigma Nought (SIG0) are produced using AI4SAR workflow developed within Al4SAR project.

License proprietary
Temporal Extent 10/1/2014, 12:00:00 AM UTC until present

LS i gy Framkurt Dresddi e, Wrodaw PSR it i
0 A, am Main *‘( 3 SR P Mmommp= | uim
e Niimberg 4 o el
- |t mb < BiHHWUA
= bt Luxembourg 1 ;5
6. Y Grond Est .ﬁ
! ponwsuis
i 3anopixoxn
£ Muxonaig
Moldova 2 Mapiync
France g ) IRy Xepcon
3 5 ! Opeca
Romaniak H T~
Auvergne- Galati e
Nouvefle Rhéne-Alpes eorpsH AL rneniBIEE
Aquitaine ] e A 21 Bueuresti N
\ Hebaesks 1 &
" — \ L saaled. Cpona 7o~ fconsansaCeacenone
Occitanie. 2 i o ER -
s - o \ CW: dlzn o PN \ Bapra
Marsellle arino S TR
T e 1 2 Gorad Neogym o BrnTapna o
Andorra 2 )" Upha Fopa et N _Byprac P
3 N3 S K Sexanie Nposane L
Ia Vella_ e, Niealia .. { U Moosane T ]
S L - N Shajipé gt Istanbul =~ 5
¥ . ST g Hcap- S5
8 . 3 Snapoi . BN T ) s el == Lealiet| © Opensiretitap conirbutors.
Provider
EODC PROCESSOR | HOST |
Metadata
General
Platform 1. sentinel-1a

2. sentinel-1b

Constellation sentinel-1
Data Cube
Dimensions
Id Type Axis Extent

2% radiantearth.github.io/stac-browser/#/external/dev.stac.eodc.eu/api/vi/collections/Al4SAR_SIGO

Dataset publication

Q ¥ O O a

IEaAP\ | o Source

o Share

P Language: English ~ ]

Items

«First  <Previous  Next> Q Show Filters

SIG0_20231210T164319_A073_EU020M_EO5
TNO15T3_S1AIWGRDH

SIG0_20231214T050242_D124_EU020M_EO
51N012T3_S1AIWGRDH

12/10/2023, 4:43:19 PM UTC 12/14/2023, 5:02:42 AM UTC

| .

SIG0_20231214T050242_D124_EU020M_EO
51N015T3_S1AIWGRDH

SIG0_20231210T164319_A073_EU020M_EO5
4NO015T3_S1AIWGRDH

12/10/2023, 4:43:19 PM UTC 12/14/2023, 5:02:42 AM UTC

!
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STAC

SpatioTemporal
Asset Catalog

e STAC: SpatioTemporal
Asset Catalog:
e STACis a specification to

describe geospatial raster
data using JSON

* Focus on search and
discovery

* Physosophy of STAC:
simple, yet flexible and
extensible
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* STAC collection: AI4SAR_SIGO":  Zsimsssves
* AOI: Eastern Austria, year 2023 e
* Exploring options: e
* Search and download -
* Importing to QGIS without Soure T !
. . ) File (® Protocol: HTTP(S), doud, etc.
download by copying the item -
Type HTTR/HTTPS/FTP -

URL

e Jupyter Notebook showing how
to access/load/plot dataset’

URI E048N012T3/SIG0_20231227T165056__VH_A146_E048N012T3_EU020M_VIM1R2_S1AIWGRDH_TUWIEN.tif|

Authentication

Configurations ‘ Basic

Choose or create an authentication configuration
|No Authentication - | \§|

Configurations store encrypted credentials in the QGIS authentication database.

| CQose || Add | Help |

1 https://radiantearth.github.io/stac-browser/#/external/dev.stac.eodc.eu/api/vl/collections/AI4SAR SIG0?.language=en
2 https://github.com/senmao/eodc-examples/blob/main/tutorials/AI4SAR access data.ipynb

25.06.2024 eodc forum 2024 9
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UC validators

1. Data Cube ingestion to
facilitate distribution of the data.

2. Forest monitoring to
@:21) demonstrate the novel SAR
pre-processing.

3. Deformation monitoring
JOANNEUM »))))‘ based on advanced phase and
~ coherence estimation.

®anrsus 4. GCP transfer from SAR to
optical images.

10



R RESEARCH ))))))j

&
eodc z:e  Forest Monitoring Workflow B nformatics

3
&
K
© AIRBUS
DEFENCE & SPACE
e Specification of main processing parameters
e Once per orbit / stack
-
e Import, Al based speckle filtering, coregistration preparation
Prepar( e Dynamic update per scene )
-
e Coregistration, radiometric calibration
/612 * Dynamic update per scene )
: e 1 : : )
e Stacking and modified time series analysis
e Full“ reprocessing in certain intervals )
e Modified change detection
e Full” reprocessing in certain intervals

25.06.2024 eodc forum 2024 11
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®Cuxhaven )

* Sentinel-1 data: e
* Ascending orbit 117 ‘

* GRD: 07/2017-09/2018 (25
acquisitions without winter i r T s P
season) RS - EE iy

Niederlande

4 0514 §
‘Wilhelrg Vel 'Stade’ f
Wilnelngshaven Jeg e merhaven [+ ®hamburg

e Reference data: b
* COPDEM 30m

* Copernicus HRL forest mask
2015 and 2018

* Forest damage assessment 0T

sions  Belgien
* Damage assessment from | : g S C RN
two flight campaigns T ol G

®Bamberg f

®Dortmund
otie, “Dormund

®Diisseldorf

®Chemnitz

&Google Earth

nedatum: 12/14/2015 32 U 510571.93 m E'5733945.15\m N Hohe 235 m sicl 56.84 km

25.06.2024 eodc forum 2024 12
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Reference forest damage mask

eodc forum 2024

eodc =iz Sentinel-1 VV — Al Speckle Filter — Test AOI

Detected S1 changes VV — Al filter in
forest mask 2015

13
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Without Speckle Filter With Speckle Filter

Sentinel-1 VV Sentinel-1 VV

Accuracy = 94,30% No Change Accuracy = 95,01% No Change
Change Change
21417126 20339268 1077858 21417126 20974697 442429
N N
Airborne Changz 21066877 20092400 974477 [ N1 11 Changz 21066877 20707216 359661

surveys surveys

Change 350249 246868 103381 Change 350249 267481 82768

25.06.2024 eodc forum 2024 14
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UC validators

1. Data Cube ingestion to
facilitate distribution of the data.

2. Forest monitoring to
@21) demonstrate the novel SAR
pre-processing.

3. Deformation monitoring
JOANNEUM »))))‘ based on advanced phase and
~ coherence estimation.

®amrsus 4. GCP transfer from SAR to
optical images.

15
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e Specification of main processing parameters
e Once per orbit / stack

Import, coregistration preparation
Prepare e Dynamic update per scene

Coregistration, PS interf. generation, sibling detection and SB interf. generation using siblings
»Full“ reprocessing in certain intervals

Extraction of displacement
,Full“ reprocessing in certain intervals

e Combination of asc&dsc displacement
VLR © ,Full“ reprocessing in certain intervals

€EEC

25.06.2024 eodc forum 2024 16



eodc z:e+  Scattering Mechanism (Resolution Cell)

Point scatterer Distributed scatterer

Along-track

Al -track
ong-trac ~20m

~20m

Across-track Wave length: 5.5 cm Across-track
~5m ~5m

25.06.2024 eodc forum 2024 17
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Boxcar (single look) Al Sibling (single look)

25.06.2024 eodc forum 2024 18
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®eiloronn

* Sentinel-1 data: '
* Ascending orbit 15 S, '
* SLC: 03/2017- S T et

®Manchen

09/2022 (304 B e o = H

®Rosenheim ¥ 3 ? NS \ ®6denburg
. . . 4 i N » ‘ : & 2 Ao RS A ~ v-.,s P o)
acqu|s|t|ons) R : (ot
3 o " s ‘ 'madmmg

* Reference data: 7 CE S T
* DEM . A e % ,
° EG MS ‘ 5» “ ; i . ,v ' f ’g‘k; “j; ‘ AT / v ‘-wv\.acn .K‘agewﬁalr 2

®Uding

®\/icenza

) ®\/anc

Vened s
®Padua sl ®*Rijeka
10, NOAA, UISEN: NGA, GEBCO

Image’Landsat /! Co ICUS

Kroatien > Google Earth
B i (‘g \

Bildaufnahmedatum: 12/14/2015 32 T 719472.59 m E 5214483.83 miN Hohe 2411 m sichthohe 651.83 km

3 ®Turin

25.06.2024 eodc forum 2024 19



JOANNEUM NN
& RESEARCH
& )

esodc coemere Mlean Deformation nformatics
L 3
© AIRBUS

DEFENCE & SPACE

EGMS L3 SuLaMoSA SuLaMoSA + AI4SAR

25.06.2024 eodc forum 2024 20



N .
Earth Observation
Data Centre

Project objectives

Develop an advanced pre-
processing of SAR data based on
| Al to reduce the speckle effect.

Concept utilisation to filter the
complex-value SAR data for
| advanced interferometry.

Develop sub-pixel SAR-to-
optical matching techniques
| based on Al resp. ML methods.

25.06.2024

To demonstrate the
usability and to
validate the products
via UCs:

eodc forum 2024

JOANNEUM \
RESEARCH )))))

B Informatics
© AIRBUS

DEFENCE & SPACE

UC validators

1. Data Cube ingestion to
facilitate distribution of the data.

2. Forest monitoring to
@21) demonstrate the novel SAR
pre-processing.

3. Deformation monitoring
JOANNEUM »))))‘ based on advanced phase and
~ coherence estimation.

©anrsus 4. GCP transfer from SAR to
optical images.
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Complementary Information of SAR and Optical

Satellite Imagery

Chemical surface
properties

Multispectral

—/

eodc forum 2024
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SOMatch by
Hughes et al.
(2019)

25.06.2024

Deep Learning Approach

Training Dataset

Feature Extraction

Feature Extraction

]
— 32 [ 126 128
S 3.§ ;S.a Sg
g 62 B S "
)
%’%—»E%—jﬁ%—»i‘% »ppxd{ g >
32 332 32 3= 2
L —— f

g
'

Inference on Test Dataset Matched Images

Feature Reduction

Feature Reduction

ConvR(1,1,0)
Comn1,1,0)

ConvR(1,1,0)

Channcl-wise oporaton
N # cutout channes

13 Image Pairs across 6 locations
TerraSAR X GEC SE Staring Spotlight 0.22 m
Pleiades Pan (0.2m) / Pleiades Neo (0.5m)

Co-registration residual: 1.2 m

23
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