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Part 1

Multitemporal Analysis of SAR Backscatter Intensity
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Objectives & eesa

Familiarizing with SNAP toolbox

Familiarizing with Sentinel-1 GRD prodcucts
Calculation of backscatter intensity from Sentinel-1 detcted products
Analysis of temporal backscatter signatures for various land cover types

YV V. VYV V VY

Change detection over AOI (Beijing Daxing International Airport)

RERAR AR “RITRI7 IR 20194 b M B IBE
$EUIRSE): 2019 £11A18R-236 A5 : MEKAS

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
18-23 November 2019 | Chongging, PR. China




Introduction @/pgcc @esa

Input data: time series of Sentinel-1 GRDH images over China

S1A IW_GRDH_1SDV_20151003T7222044 _201510037222111_007994_00B2F6_9374
S1A IW_GRDH_1SDV_20160611T222046_20160611T222112 011669_011DDC_7FBO
S1B IW_GRDH_1SDV_20171115T222014 20171115T222041_008298_00EAE8 2415
S1B IW_GRDH_1SDV_201811107T222021_20181110T222048_013548_019131_A556
S1B IW_GRDH_1SDV_20190930T7222028_20190930T222054_018273_022698_C498

Output:
« temporal backscatter signatures for various land cover types
« change detection
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Data preparation \ e @esa

1. Opening the S1 data For unzipped products

A SNAP - Open Product
Look In: |ﬁ S1B_IW_GRDH_15DV_20180309T174910_20180309T174935 009958 0120AF 4CE8. SAFE
EF._ MName Siz%Modified
Elel Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help [ annotation 8/7/18 4:13 PM
[ measurement 8/7/18 4:13 PM
0 Product... ' +
= R::nenr::r:dcuct N4 AP R o | ] preview 8/7/18 4:13 PM
- : i [ S1B_W_GRDH_15... 8/7/18 4:13 PM
4 Product Library nfo = ] support 8/7/18 4:13 PM

21 KB 8/7/18 4:13 FM
19 KB 8/7/18 4:13 PM

INGELEEE A
| ] 51E_IW_GROH_LS...

Session

Projects

Import
Export
Exit File Name: |manifest.safe

v v v w

Files of Type: !AII Files

¢ S1B_IW_GRDH_1SDV_20190219T055747_20190219T055812_015011_01C0C5_16E0.zip

£ S1B_IW_GRDH_15DV_20190315T055747_20190315T055812_015361_01CC2F_2DED.zip
S1B_IW_GRDH_15DV_20190420T055748_20190420T055813_015886_01DD7D_B255.zip
¢ S1B_IW_GRDH_15DV_20190514T055749_20190514T055814_016236_01ESEA_COBC.zip
S1B_IW_GRDH_15DV_20190713T055752_20190713T055817_017111_020314_33F3.zip

¢ S1B_IW_GRDH_1SDV_20190818T055755_20190818T055820_017636_0212DC_C2D4.zip
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Data processing & eesa

» Creating a subset of S1 GRDH images

Spatial subset depending on the AOI
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Data processing & eesa

» Creating a subset of S1 GRDH images

Spatial subset depending on the AOI
» Updating orbits
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Updating orbits

‘ NRSLCL @ esa

. . The orbit file provides accurate satellite position and velocity information. Based
Radar / App/y orbit file on this information, the orbit state vectors in the abstract metadata of the
product are updated.

@& Apply Orbit File

X
& Apply Orbit File *
File Help POEORB - few weeks after acq.
File Help
Processing Parameters /
IjOP te Processing Parameters
Source Product OBz oS /
source: Orbit State Vectors: | sentinel Restituted {Auto Download) Lo
[1] 51B_IW_GRDH_15DV_20190315T055747_20190315T055812_0ue ~ | | vu Polynomial Degree: RER =R aCER T GRnL T TEL)] ) .
Sentinel Restituted (Auto Download) » RESORB - within few hours
[ JTOOTIoUTam T TTEW T 0L TS TS TIOL TOTTTor
Target Product

Name:
RDH_1SDV_20190315T055747_20190315T055812_015361_01CC2F_2DE0_Orb

Save as: BEAM-DIMAP w
Directory:
C:\LTC2019_demosOutput

Open in SNAP

Run Close

Run Close
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Data processing & eesa

» Creating a subset of S1 GRDH images
Spatial subset depending on the AOI
» Updating orbits

» Radiometric calibration
Conversion of image intensity to sigma0 providing the radar backscatter
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Radiometric Calibration &y,,,,gw @esa

From image pixel values or digital numbers (DNs) we can derive:

Beta Naught — radar brightness coefficient, reflectivity per unit area in
slant range which is dimensionless

Sigma Naught — power returned to the antenna from the ground
(distributed scatterer) in dB. A number comparing the strangth of the
signal to that expected from and area of one square meter. It is defined
with respect to the nominal horisontal plane and is varying with incidence
angle, wavelength, polarisation and scattering surface itself
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Radiometric Calibration @mﬂ @esa

Radar/Radiometric/Calibrate - Help =

Radar | Tools Window Help [ 14O Parameters ["Processing Parameters |

Apply Orbit File J__ TR Y : B Polarisations: wH

|Radiometric | |Ca|ibrate |

Speckle Filtering Radiometric Terrain Flattening

Coregistration Remove Antenna Pattern

Interferometric S-1 Thermal Noise Removal

Polarimetric

[ save as

Output sigmal band

Sentinel-1 TOPS
ENVISAT ASAR

SAR Applications

SAR Utilities

SAR Wizards

Complex to Detected GR
Multilooking

[] output gammal band

»
b
b
14
2

Geometric 4
b
b
14
> [] Output betad band
b

Pixel values can be directly related to the radar backscatter [ run ][ close |
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Data processing & eesa

» Creating a subset of S1 GRDH images
Spatial subset depending on the AOI
» Updating orbits
» Radiometric calibration
Conversion of image intensity to sigma0 providing the radar backscatter

» Terrain correction
Compensate for geometric distortions caused by topographical variations of a
scene and the tilt of satellite sensor
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Terrain correction & Geocoding @,ﬂggﬂ @esa

Point B with elevation h above the ellipsoid is
imaged at position B’ in SAR image, though its
real position is B". The offset Ar between B’
and B" exhibits the effect of topographic
distortions

Terrain Correction allows geometric overlays of data from different sensors and/or
geometries.
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Terrain correction & Geocoding * EGLE @esa

Radar / Geometric / Terrain Correction / Range Doppler Terrain Correction

& I[1]intensity VH - [S1B_IW/ GRDH_1SDV_20180309T174910.20180309T174935 009 F_aci

m.z«-mmm

File Edit Vlew Analysis Layer Vector Raster Optical m Tools Window

ﬂelp

= aa Apply Orbit File : ‘ R
: (=3 e WIE L : A S poa > o iy [,
= o d e ‘J ' Radiometric » [P |—| . I—— [—— E %D P@I) Z'fc og{ 2.4 b ; ¥z
Speckle Filterin » = =
Product Explorer X | Pixel Info = (B P g r %
— Coregistration »
¢ & [1] S1B_IW_GRDH_1SDV_20180309T174910_2018( N 3
T = = = Interferometric 4 o
o (@3 Metadata : g
o (3 Vector Data EREREEE— 5
B
o @ Tiepoint Grids TN g
¢ &3 Bands o 5
n Amplitude_VH ENVISAT ASAR
m Intensity VH SAR Applications —
B Amplitude_w SAR Utilities =
B intensity_w SAR Wizards -
Complex to Detected GR f';
Multilooking 5
" 3 |
5
s
S
[«] Il ]
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Terrain correction & Geocoding

& Range Doppler Terrain Correction € Range Doppler Terrain/Correction
File Help File Help

IO Parameters | Processing Parameters | I/O Parameters |  Processing Parameters \

Source Product Source Bands: |Sigma0_VH

source: ) |Sigma0_W

2] S1B_W_GRDH_15DV_20180309T174910_20180309T174935_009958_0120AF 4CB... | v | E]

Target Product
Name:

S1B_IW_GRDH_15SDV_20180309T174910_20180309T174935_009958_0120AF 4CB8_Cal_TC |

Digital Elevation Model: [
[] Save as: |BEAM-DIMAP \v igital Elevation Model

SRTM 3Sec (Auto Download) -

] » .
1 ) > DEM selection
Directory: DEM Resampling Method: BILINEAR_INTERPOLATION v‘
|fapplication/workdir/LTC2018/subset _small_Cal_TC D Image Resampling Method: BILINEAR INTERPOLATION v‘
[v] Open in SNAP Source GR Pixel Spacings {az x rg): iE?‘O(m) x 10.0{m)
Pixel Spacing (m): 110.0 f > i i
Pixel Spacing (deg): [8.983152841195215€-5 | Plxel SpaCI ng
Map Projection: [ : ] - .
' 1 WGS84(0D) ! » Map projection

vl out areas without elevation [ | Output

Output bands for:
[v] Selected source band [] DEM

[[]Incidence angle from ellipsoid [] Local incidence angle [] Projected local incidence angle | || | ——> M as k| ng areas
[_] Apply radiometric normalization Wit h o u t e I eva tio n

[
|

|

Run Close
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Data check
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Automatic Processing with Graph (@, @esa

E] SNAP =)(=)(x]

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

ag 8 P hd PR Al ©® Ml Y

2

.
R

X
«
%
:
o E

Product Explorer X | Pixel Info =
A Graph Builder e B
File Graphs g\ Graph Bu”der
= 3
3
3 E;
‘ 5
— 3
Add ¥ L Input-Output » ‘ \é_\_> . . .
| T . H Inserting blocks with particular
a
(& Radar » 5 .
S | & processing operators
& Tools »| (& Data Conversion b | = -
(& vector »| (& DEM Tools »1_ | 3.3‘ (rlght mouse button)
& Mphchl . Geometric b 4 Collocate =
4§ SmosNetcdfExport | [ Image Analysis b #F Multi-size Mosaic 3
(L Masks »| 4 Reproject @
Navigation | Colour ... |Uncertai... |World... x|sMos L = ¥ BandMaths £ Resample
¥ BandMerge £ Subset
& Flip | i;
il M § Image-Filter D1 |
;;;a'd’ s g Temporalpercentle e

Source Product

Name:

United Kingdom ‘

o romar [[7] > Save the graph and/or Run

Source product not selected

&) f
(5 o0 | 3 seve | % Clear

200 Km

[Z note

@) Hen || [> Run I

| x =¥ = | Lat -~ lon - Zoom - Level - @

Off Globe
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Automatic Processing with Graph

Terrain Correction

Graph Builder : GRD_Cal_TC.xml

Apply-OrbitFile

| Calibration |>—)+Terrain-(:urr=:linn I_‘,El

S18_IW_GRDH_1SDV_20191024T222028_20191024T222054 018623 023167_3C35

Data Format: Any Format

voad | | [ save

%\\/. Clear [ ote @) teo

[> Run

save as GRD Cal TC.xml
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= Calibrati
=R ‘@WIEEL‘ @esa

Apply Orbits: Sentinel Precise
Calibration: Output Sigma0
Terrain Correction: pixel spacing 10m

The same settings like
in manual processing

RERAR AR “RITRI7 IR 20194 b M B IBE
$EUIRSE): 2019 £11A18R-236 A5 : MEKAS



Batch processing (@ oesa

|

SNAP
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q-
a% | HE Fhd P "l A OBIMWIE S o] 222 |
Product Explorer X | Pixel Info = \
] Batch Processing .
File Graphs Batch processing tool
([ /O Parameters | r— .
File Name ‘ Type ‘ Acquisition ‘ Track [ Orbit | a4k I > Addlng data prOdUCtS
1 | i I
0 Products
Target Folder
Navigation | Colour ... |Uncertai... |World... X |SMOS L... = o EW{*]
ave as - v
el .
B — Loading the graph
;/appIication/pi/Desktop/subset Hiﬁ —
[] skip existing target files [v] Keep source product name /
I Load Graph Run |i Close ll Help 1
United Kingdom
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Batch processing (@ oesa

File Graphs

File Graphs
1/0 Parameters | Apply-Orbit-File | Calibration | Terrain-Correction | Write

IfO Parameters it-Fi i i i j i
File Name Type Acquisition Track Orhit # | Apply-Orbit-File | Calibration | Terrain-Correction | Write
Subset_S1A_IW_GRDH_1SD...|GRD 030ct2015 47 7954 ?}: File Name Type Acquisition Track Orbit 'ﬁ'ﬁ
Subset_S1A_IW_GRDH_1SD...|GRD 11un2016 47 11669 Subset_S1A_IW GRDH_15D...|[GRD 030ct2015 a7 7004 —
Subset_S1B_IW_GRDH_15D... |GRD 15Mow2017 47 3293 = Subset_S1A_IW GRDH_15D...|[GRD 11Jun2016 a7 11669 E"}:
Subset_S1B_IW_GRDH_15D... |GRD 10Mow2013 47 13548 ﬁ Subset_51B_IW GRDH_15D... |[GRD 15Mov 2017 47 32093 =
Subset_S18_IW_GRDH_15D... |GRD 305ep2019 47 18273 Subset_S1B_IW_GRDH_15D... |GRD 10Mow2018 47 13548 @
@ Subset_S1B_IW_GRDH_15D... |GRD 305ep2019 47 18273
(=]
* =
5 Products %,:/
Target Folder S Products
Save as: | BEAM-DIMAP v Target Folder
Directory: Save as: |BEAM-DIMAP W
D:\DRAGONZ2019VFinal Dataset\GRD _processed - Directory:

D:\DRAGON2019\Final Dataset\GRD_processed
[] Skip existing target files Keep source product name L W \GRD_p

[] Skip existing target files Keep source product name

Run remote Run Close Help
/ Run remote Run Close Help

Open previously saved graph GRD_Cal_TC.xml
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Time series analysis

¥ Synchronise Image Views

W/

Toolbars L
&y

[ Full Screen Alt+Shift-Enter >
By YUY VY O o
S1B_IW_GRDH_1SDV_20180309T17491 $
Arv?etfadata _ L =

Time Series x|

View ||Analysis Layer Vector Raster Optical Radar Tools Window Help
Tool Windows 3 Developer » @
. . I8 |
¥ Statusbar Optical 4 l_’ |
R ; :
¥ Synchronise Image Cursors “ gdar | » Time Series
SMOS *| PP H-a Alpha Plot

In-Situ Data Access imll INSAR Stack

Product Library
Colour Manipulation
Uncertainty Visualisation

Laver Editor

Layer Manager

=]
=l
Tl

0.1
Graph 1

— Add your data products

[F«e

& D[F

T T T
218prig 21May18 20Junlg

Acquisition Date

T
20Febls 22Mar18

208 oy
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Time series analysis

@0 |

2 Time Series Analysis Settings &
Choose your & Show Grid_ (7] Show Legend
Graph 1
processed File Name Twpe Acquisition Track Orbit | |:|‘}=| I
S1B_IW_GRDH_15DV_20 =
data prOdUCtS —> S15_W_GRDH_LSDV _20... Er
S1B_IW_GRDH_15DV_20... —
S1B_IW_GRDH_1SDV_20...
S1B_IW_GRDH_15DV_20... F S
&
h 4
&
%
e
5 Products
[
%] Time Series x| [4]»][=i[T]
ol Graph 1 | D
| | v —> Bands filter
i | Bands filter .. ...
‘ ‘ y [] sigmao_wv
H \ |
goos ‘ |
. ‘ ‘ [] select all [] Select none
| | | al n
// :
T |
| |
20Pub1s 22marts 218pr18 seauton bae 21may1s 200un1s 20018 oy

CULY AUVANLEU LNIEKNAILUNAL I KALNLNU LUUKDE LN LANU KEMUIE SENSING

18-23 November 2019 | Chongging, PR. China
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Show plot at
__, cursor position

e
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Time series analysis NECLL @esa

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
ag niBLce XtEmBloaAasg N VREYOR: \ MEED

Product Explorer X | Pixel Info — ||@ 5] Sgma0_v+i % -
& (1] Subset_S1A_IW_GRDH_ISDV_20151003T222044_201510037222111_007994_0082F6_S Y

50 Metadata

3 0 Vector Data

(3 Bands

@ [2] Subset_S1A_IW_GRDH_ISDV_20160611T222046_20160611T222112_011669_011DDC_|
& (3) Subset_S18_IW_GROH_ISDV_20171115T222014_20171115T222041_008298_00EAES_2
@ [4] Subset_S18_TW_GRDH_1SDV_20181110T222021_201811107222048_013548_019131 A §
& (5] Subset_S18_IW_GRDH_1SDV_201909307222028_201909307222054_018273_022698

T One of the plottet
bands has to be

opened

< 5|
Mavigation - [.... | Colour Mani... Uncertainty .. | Time X | World View -
52
Graph 1 0
]
y)
2
- s
fou
0 T T
223415 18Nov1s 165¢p18 1420 o
‘Acquisition Date ?

PERAHEATE “RITRI” SBIUH 2019 £ bbb % i 2 1 U1 B

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
3ZIRdE): 2019 £118188-238 T : BEKXE

18-23 November 2019 | Chongging, PR. China




Data processing & eesa

» Creating a subset of S1 GRDH images
Spatial subset depending on the AOI
» Updating orbits
» Radiometric calibration
Conversion of image intensity to sigma0 providing the radar backscatter

» Terrain correction
Compensate for geometric distortions caused by topographical variations of a
scene and the tilt of satellite sensor

» Creating a multitemporal stack
Collocation spatially overlapping products (based on geolocation)
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Creating multitemporal stack

‘ NRSLCL @ esa

03097174910_20180309T174935_009958_0120AF_4CBE - /applig

Radar fl Tools Window Help

= Q| A er A 12

ij 1 ———
%— 1] Si C
| Coregistration Coregistration [115lgma

w rbit File
Radiometric

viv v

Interferometric »| S1 TOPS Coregistration »

Polarimetric Pl DEM-Assisted Coregistration b

Geometric l Stack Toals #j Create Stack
Sentinel-1 TOPS »| Cross InSAR resampling Stack Averaging
ENVISAT ASAR » Stack Split J
SAR Applications »

SAR Utilities »

SAR Wizards »

Complex to Detected GR
Multilookin:

Collocating spatially
overlapping images

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING

18-23 November 2019 | Chongging, PR. China

& Create Stack 5] & Create Stack. =)
7{,emsmk | 3wree | 1ProductSetReader | 2-CreateStack | 3-Write
File Name Type Acquisition Track Orbit Master: S1B_W_GRDH_15DV_20180309T1745910_20180309T174535_009958_0120AF 4CB&

S16_IW_GRDH_1SDV_201.

[S1E_W_GRDH_15DV_201...

S1B_IW_GRDH_1SDV_201

S1B_IW_GRDH_15DV_201

S1B_IW_GRDH_15DV_201

&

e @« 9 8] 1

@

&

5 Products

Resampling Type
Initial Offset Method

Output Extents:

Find Optimal Master

NONE -

Product Geolocation -

Master \ -~

o

.S Create Stack’

[ 1-ProductSet-Reader | 2-CreateStack | 3-Write

Target Product

Name

S1B_IW_GRDH_1SDV_20180309T174910_20180309T174935_009958_0120AF 4CBB_Stack

Save as: |BEAM-DIMAP :

Directory:

[/application/workdir/LTC2018]

@ Help [> Run

0 \

* Product geolocation (if terrain
corrected)
» Orbits (if not terrain corrected)
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Data processing & eesa

» Creating a subset of S1 GRDH images
Spatial subset depending on the AOI
» Updating orbits
» Radiometric calibration
Conversion of image intensity to sigma0 providing the radar backscatter

» Terrain correction
Compensate for geometric distortions caused by topographical variations of a
scene and the tilt of satellite sensor

» Creating a multitemporal stack
Collocation spatially overlapping products (based on geolocation)

» Speckle filtering

Filtering the inherent salt and pepper like texturing called speckles

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
18-23 November 2019 | Chongging, PR. China

RERAR AR “RITRI7 IR 20194 b M B IBE
$EUIRSE): 2019 £11A18R-236 A5 : MEKAS




Multitemporal speckle filtering

lRedar ools Window Help
Apply Orbit File
Radiometric A m I@ |M. [

Speckle Filtering I
|

Coregistration

Interferometric
Polarimetric

Geometric

Sentinel-1 TOPS
ENVISAT ASAR

SAR Applications

SAR Utilities

SAR Wizards

Complex to Detected GR
Multilooking

‘ NRSLCL @ esa

File Help

1jO Parameters | processing Parameters

Source Product
source:

[6] backscatter_Stack

Target Product
Mame:
backscatter_Stack_Spk
Save as: BEAM-DIMAP v
Directory:
D:\DRAGON2019'Final Dataset\GRD _processed

Open in SNAP

Run

Close

File Help

1/0 Parameters Processing Parameters

Source Bands:

Filter:
Filter Size X (odd number):

Filter Size ¥ (odd number):

Mumber of Loaks:

Sigma0_VH_mst_030ct2015 -~
Sigma0_WV_mst_030ct2015
Sigma0d_VH_slv1l_11lun2016
Sigma0_vv_siv2_11Jun2016
Sigma0_VH_slv3_15Mov2017
Sigma0_VV_slv4_15Nov2017
Sigma0_VH_slv5_10Mov2013
Sigma0_VV_slve_10Mov2018 W
TR TT TR ORI

Samma Map
3
3

Estimate Equivalent Mumber of Looks

1.0

Run Close

Spatial filtering with weighted average of selected filter across the images of the time series
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Multitemporal speckle filtering

[ (6] Sigma0_vv_slv8_30Sep2019 X ~ O [ [7] Sigma0_VV_slv8_30Sep2018 X
- o EN S L L ! X g
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Data processing & eesa

» Creating a subset of S1 GRDH images
Spatial subset depending on the AOI
» Updating orbits
» Radiometric calibration
Conversion of image intensity to sigma0 providing the radar backscatter

» Terrain correction
Compensate for geometric distortions caused by topographical variations of a
scene and the tilt of satellite sensor

» Creating a multitemporal stack
Collocation spatially overlapping products (based on geolocation)

» Speckle filtering

Filtering the inherent salt and pepper like texturing called speckles

> Linear to dB conversion
Compensate for very high dynamic range in visualisation
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Conversion from linear to dB

NARSLC @ €Sa

File Edit View Analysis Layer Vect flical Radar Tools Window Help
I s = B b 6cp 5 NB o,
i, Band Maths.. e NvE9er =

Product Explorer X | Pixel Info - joma0_VV_siv8_305ep2019 X
(1] Subset_S1A_IW_GRDH_1SOV_2) 6,

Geo-Coding Displacement Bands...
Subset.
[5] Subset_S18_IW. DEM Tools
[6] backscatter_Stack
[7) backscatter_Stack_Spk
++ (0] Metadata
31-(33 Vector Data
£ Bands y
B Soma0_vH_mst_030ct2015 Classification

Aigr) Pnpold

Geometric Operations

Rbeuey kel )

Segmentation
Bxport

V_slv4_15Nov2017 Band Select
slvS_10Nov2018

1abeuey ysen

Set No-Data Value

<

| Uncertainty Visu... World View

By
£8ing
72

shINE %,

Tangelan

Basd Ry
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Conversion from linear to dB

File Help File Help

! Processing Parameters 1/0 Parameters | Processing Parameters |

Source Product Source Bands: |Sigma0_VH_mst_030ct2015
SOLrce: Sigmal_WV_mst_030ct2015
[7] backscatter_Stack_Spk i Sigma0_WH_slv1_11Jun201656

Sigmald_WV_slv2_11Jun2016

Sigmal_VYH_slv3_15Mov2017
Target Product Sigma0_WV_slv4_15Mov2017
Mamea: Sigmal_VH_shv5_10Mov2015
Sigma0_VV_slvé_10Mov2013
Sigmal_VH_shv¥_305ep2019

Save as: |BEAM-DIMAP w Sigmal_WV_slv8_305ep2019

backscatter_Stack_Spk_dB

Directory:
D:\DRAGOMN2019Final Dataset\GRD_processed

Open in SNAP

Run Cloze
Run Close
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Linear vs dB comparison

[ [7] Sigma0_VH_mst_030ct2015 X |

NARSLC @ eSa

Histogram X |
Histogram for Sigma0_VH_mst_030ct2015 ] > Histogram for Sigma0_VH_mst_030ct2015_db =N »
25,000,000 s 350,000 Use ROI mask:
22,500,000 = 325,000 -
300,000
20,000,000 #Bins: 512 275,000 #Bins: 512
w ; "
g 17,500,000 (] Leg10 scaled bins 3 250,000 [[]Log10 scaled bins
a ‘2 225,000
B 15,000,000 L - X-ixs
£ [¥] Auto min/max £ 200,000 7] Auto minjmax
12 >
g 12500000 Min: [0.0 g 75,000 vin: [-28.3608
g 2
2 10,000,000 Max: [93.6657 3 oo raslone
I ]
r el
& 750000 [Log10 scaled & 100,000 [JLog10 scaled
5,000,000 75,000
50,000
2,500,000
25,000
0 ¥ 0
0 S5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 i 3 = =1 15 0 = 3 < o 5 20
Sigma0_VH_mst_030ct2015 in intensity E’W & & @ 2 sigma0_VvH_mst_030ct2015_db in intensity_db E[y & B @
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Data processing & eesa

» Creating a subset of S1 GRDH images
Spatial subset depending on the AOI
» Updating orbits
» Radiometric calibration
Conversion of image intensity to sigma0 providing the radar backscatter

» Terrain correction
Compensate for geometric distortions caused by topographical variations of a
scene and the tilt of satellite sensor

» Creating a multitemporal stack

Collocation spatially overlapping products (based on geolocation)
» Speckle filtering

Filtering the inherent salt and pepper like texturing called speckles
>

Linear to dB conversion
Compensate for very high dynamic range in visualisation

» Stack statistics and analysis of temporal backscatter signatures
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Visual inspection of the time series

NARSLC @ eSa

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
GCP Doa GCP A o <
a8 Qv‘iﬂﬁ SixEmr|ga AN YE9eR: IEHEHD
‘ [s] Sigma0_VV_mst_030ct201! ¥ O [ [8] Sigma0_vV_siv2_111un2016 ¥ O [& [8] Sigma0_VV_slv4_15Nov2017...
i, % % 3 o

Xpo il LS|
B sigma0_vv_slv2_113un2016
[ sigma0_vH_slv3_15Nov2017
[ sigma0_vv_slv4_15Nov2017
B Ssigma0_VH_slv5_10Nov2018
n Sigma0_VV_slv6_10Nov2018
[ sigma0_vH_siv7_30Sep2019
B sigma0_vv_slv8_30Sep2019

&4 [8] backscatter_Stack_Spk_dB

-2 Metadata

(3 Vector Data

-}-{Z Bands
B Ssigma0_VH_mst_030ct2015_db
[ Sigma0_vv_mst_030ct2015_db
B sigma0_vH_slv1_113un2016_db
[ sigma0_vv_slv2_113un2016_db
[ sigma0_vH_siv3_15Nov2017_db
B sigma0_vv_slv4_15Nov2017_db
I Sigma0_VH_slv5_10Nov2018_db
[ sigma0_vv_slv_10Nov2018_db
B Ssigma0_VH_slv7_305ep2015_db
[ sigma0_vv_slv8_30Sep2019._db v

Jabeueyy laie

Jabeuep) sel Ly

\ame: Sigma0_VV_mst_030ct2015_db
intensity_db

2qugh statisti

R IRYIBE
DT BERAS

* More Options




RGB Composite

A [BE

File Edit View Analysis Layer Vector Raster Opti

| D@ &b d|P
Product Explorer X | Pixel Info = |-E
Bl CYTOU VY STVO UL uiTEe oLy -1 H =
B sigma0_VH_shv7_07jul2018 E ] nght C/ICk on the
Igmeo=Weshv07u12 *  product
¢ 2| 131 stack sk dg £
Bt ] Profile:
o- (@3 Vector| Add Elevation Band i S ——
¢ &3 Bands Add Land Cover Band E‘ W ﬁ B iﬁ“
g Sig ¥ Group Nodes by Type ¥
Sig - 4
B sio |ODen RGE Image Window I Red: Sigmaﬂ_'ﬂ-l_mst_tlSDct2015_:1.b|
E Sig Open HSV Image Window i
; Green: |Sigma0 VH s31v7 305ep2018 db VT — H
[ sigy Close Product q gmatl_vH_ - be = Band Se/eCtIOn
B Sin|  Close All Products ] Blue:  Sigma0 VH slv7_30Sep2019 db
Navigati... | Colo..| Close Other Products = = =
Editor: () Basic Save Product Expressions are valid
————— | Save-RrodicEAs
Name: Sigma0_V 3 = 1 = .
URIE. intenisity. dy ctrl X [ [] Store RGE channels as virtual bands in current product
Min: -37.397  H Copy ctrl-c §
Max: 12.716 | ]
]
Dele ete fl
L Properties QK Cancel Help
[ %0 23 W
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RGB Composite

NARSLC @ eSd

Red - high backscatter in 2015, low backscatter in 2019
Cyan - low backscatter in 2015, high in 2019

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
18-23 November 2019 | Chongging, PR. China




Stack averaging

‘ NRSLCL @ esa

I Radarl ools Window Help

Apply Orbit File
Radiometric
Speckle Filtering

A Al © B Iw

Coregistration I

Interferometric
Polarimetric

Geometric

Sentinel-1 TOPS
ENVISAT ASAR

SAR Applications

SAR Utilities

SAR Wizards

Complex to Detected GR
Multilooking

v v v v v v v v wilv v

Coregistration
S1 TOPS Coregistration »
DEM-Assisted Coregistration »

Stack Tools I }| Create Stack

Cross InSAR resampling l StacE Averaainal

Stack Split

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
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-

\veraging

File Help

( I/O Parameters [ Processing Parameters |

Statistic:

Mean Average

Mean Average
Minimum

Maximum

Standard Deviation
Coefficient of Variation

Il Run u Close I
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Stack averaging — RGB Composite (&% @esa

RGB combination for land cover
classification

Dual Pol Ratio Sigma0 W+VH v &3 [E ] &
Red:  |Sigmao_vv |v|D
Green: |Sigmau_‘i‘H |'||:|
Blue: |sigmaa_w,r'sigmau_ﬂ{ |v||:|
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Part 1

Multitemporal Analysis using SAR Coherence-Intensity composites
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Objectives & eesa

Familiarizing with Sentinel-1 SLC prodcucts

Calculation of backscatter intensity from Sentinel-1 SLC products
Calculation of interferometric coherence

Analysis of coherence and intensity false colour composites

Y V Y V
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Introduction @/pgcc @esa

Input data: set of two Sentinel-1 SLCs

S1A IW_SLC__1SDV _20151003T7222043_20151003T222111_00/7994_00B2F6_4COE.zip
S1A IW_SLC __1SDV _201711157222013 20171115T222041_008298 00EAE8_F7A2.zip

Output: coherence - intensity false colour composites for land cover
mapping and change detection

PERAHEATE “RITRI” SBIUH 2019 £ bbb % i 2 1 U1 B
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Sentinel-1 data acquisition =~ - (®,... €esa .

Terrain Observation
by Progressive Scans

OU MG o S OSONE = o N - T 3 PNV O “ o
32IrYE): 2019 £118188-23H EhK5: BEKKE
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Sentinel-1 TOPS Data Handling and Prod®¥img: S€Sa

Bursted IW SLC

» TOPSAR Split to choose a subswath and bursts for the AOI
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Sentinel-1 TOPSAR Split

‘_“gﬂﬂgﬂﬂ @ esa

Radar/Sentinel-1 TOPS/S-1 TOPS Split

|

File Help

1/O Parameters  Processing Parameters
Source Product
source:

[1] S1A_IW_SLC__1SDV_20190819T055015_20190819T055043_028634_033D5F_B955

Target Product
Name:

S1A_IW_SLC__1SDV_20190819T055015_20190819T055043_028634_033D5F _B955_split

Save as: BEAM-DIMAP v
Directory:
C:\LTC2019_demos\Output_cal_TC
Open in SNAP

[Ren ] [Gome

TOPS Split applied to both S-1 SLCs
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I/O Parameters Processing Parameters

Subswath: w1

Polarisations: VH

2 to 5 (max number of bursts: 9)

Bursts:

Run Close

—» Selection of subswath

— Selection of polarization
—— Selection of bursts

IW1
vV
2-5
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STEP 1
Interferometric Coherence
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Coregistration

Bl rapn Buicer S1A IW_SLC 1SDV_20151003T7222043...
File Graphs /

[ | oo

|n"' L I_’| Spectral-Di “‘i}——’| Wwrite |

[ Read@) | appiy-orbit-Fite(2) /

\ SI1IA IW_SLC__1SDV 201711157222013

<

Read Write Read(2) Apply-Orbit-File Apply-Orbit-File(2) Back-Geocoding Enhanced-Spectral-Diversity
Source Product
Name:

[3] S1A_IW_SLC__1SDV_20130819T055015_20 1908 19T055043_028634_033D5F_B9S55_spiit

Data Format: Any Format

(5 oad a Save %\, Clear © 1o [> Run
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B84 [15] 51A_IW_SLC_ 15DV_20151003T222043 20171115 coregistered
- (3 Metadata
I:I Vector Data
- [E3 Tie-Point Grids
E‘a Bands
i W1 vW_mst_030ct2015
o[l q_IwW1_w_mst_030ct2015
[ Intensity_IW1_WW_mst_030ct2015
[ i_IWi1_w_shvl_15Nov2017
o a Wi W _slvi 15Nov2017
“oJF] Intensity_Iw1_w_slvi_15Nov2017

Coregistered bands in one product

Co-registration of two S-1 SLC split products (master
and slave) of the same sub-swath using the orbits of

the two products and a Digital Elevation Model
(DEM).

ESD estimates the range and azmiuth offset
(exploiting the data at the overlapped area of
the adjacent bursts) and performs range and

azimuth corrections for every burst in the slave
image :
FERAHRATE “RITR” S 2019 F kR ERERIFIBE

#IRdE: 2019 £11R18H-23H Eh75: BEXE




Interferometric Coherence

é!ﬂﬁmr(‘@ﬁﬂia

COHERENCE

Measure of correlation between phase in two SAR complex images

Ranging from 0 (no correlation) to 1

Coherence may be affected by:
> Local slope

» Properties of the surface

» Time lag between acquisitions
» The perpendicular baseline

» Poor coregistration

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
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Radar Tools Window Help

Apply Orbit File
Radiometric
Speckle Filtering
Coregistration
Interferometric
Polarimetric
Geometric
Sentinel-1 TOPS
ENVISAT ASAR
SAR Applications
SAR Utilities
SAR Wizards

Complex to Detected GR

Multilocking

ENvER9QeR s «MEHED

[IW3_W_mst_19Aug2019 X | [l [3] Intensity_IW3_W_sivl_31Aug2019 X

Products 2 Interferogram Formation
Filtering g Coherence Estimation
Unwrapping > Topographic Phase Removal
PSNSBAS >

Three-pass Differential InSAR

InSAR Stack Overview Phase to Height

Phase to Displacement

Phase to Elevation

e B VY

Integer Interferogram Combination
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Interferometric Coherence | NECLL @esa

Radar/Interferometric/Products/Coherence

[ [16] coh_IW1_VV_030ct2015_15Nov2017 X

& Coherence Estimation X

File Help

/O Parameters

[ Subtract flat-earth phase

Degree of "Flat Earth” polynomial 5
Number of “Flat Earth™ estimation points | 551
Orbit interpolation degree 3
] Subtract topographic phase
Digital Elevation Model: SRTM 3Sec (Auto Download)
Tile Extension [%] 100
[~] Square Pixel [] independent Window Sizes
Coherence Range Window Size 10
Coherence Azimuth Window Size 2

=
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S-1 TOPS Debursting

Radar/Sentinel-1 TOPS/S-1 TOPS Deburst

[ [16] coh_IW1_VV_030ct2015_15Nov2017 X

¥ O | [17) coh_IW1_VV_030ct2015_15Nov2017 X | hAA e
e,

& S-1TOPS Deburst 5.4

File Help

1/OParameters | processing Parameters
Source Product

[5] S1A_fW_SLC__1SDV_20190819T055015_20190819T055043_02...

C:\LTC2019_demos\Output SLC\backscatter_TC
Open in SNAP

Input: Coherence
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Terrain Correction

& Range Doppler Terrain Correction X
Radar Tools Window Help File Help
Apply Orbit File [ D ] <,'g} Q E& 2 (IMBED
Radiometric > 1/O Parameters
Speckle Filtering > WW_19Aug2019_31Aug2019 X Source Bands: coh_IW3_WV_19AUg2019_31Aug2019
Coregistration >
Interferometric > .
Polarimetric > . SeIeCt !
Geometric 2 Terrain Correction 2 Range-Doppler Terrain Correction > D E M
Sentinel-1 TOPS > Ellipsoid Correction > ; i
e . Apsoid Lorrectio SAR Simulation > Resa m p I | n g
SAR-Mosaic SAR-Simulation Terrain Correction Digital Elevation Model: SRTM 35ec (Auto Download) H 1
SAR Applications > i iy = hd > P|Xe| S acln
PP ALOS Deskewing . .

DEM Resampling Method: INTERP
SAR Utilities g Slant Range to Ground Range 1 P M d’m‘d' = = = | > P 1 t'
SAR Wizards 2 Update Geo Reference rege Resamplng e ) LI ~ ro‘] ec IO n
Complex to Detected GR :;c;c:p:ﬁ;xa)s.pacngs (T 1133'2:5("‘) 5500
Muttilooki -

ultilooking Pixel Spacing (deg): 1,2450649837896568E-4
Map Projection: WG584(DD) N
Mask out areas without elevation [_] Output complex data
- ) Output bands for: _ Pixel spacing
Compensate for geometric distortions caused e L= [ tattude & Longt.de 20m
. - - [J Incidence angle from ellipsoid [ ] Local incidence angle [ ] Projected local inddence angle
by topographical variations of a scene and the
. . [ Apply radiometric normalization
|-
tl It Of Sate I I Ite se n SO r - Save Sigma0 band Use projected local incidence angle from DEM
Save Gamma0 band Use projected local incidence angle from DEM
+ Geocoding e e e
Auxiliary File (ASAR only): Latest Auxiliary File
e
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STEP 2
Backscatter Intensity
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Backscatter Intensity product (&% @esa

MENU: Graph Builder + Batch processing tool

Input: Two splitted SLCs

File Graphs
~ File Graphs
10 Parameters | appl File | Calibration | TOPSAR-Deburst | Terrain-Correction | Write
4
File Mame Type Acquisition Track Orbit 'ﬁ'}:'
S1A_IW_SLC__15DV_20151...[5LC |030ct2015 |47 |7994 ?}:
‘ Read HApply—Drbit—Fil: |>—)|Cilibrlt.ion HTOPEAR—DeburBl HTErrlin-Cnrr:ﬂjnn |._,| Write | S1B_IW_SLC__15DV_20171... [SLC |15Nov2017 |47 [EREE]
=
L)
[5=3
O
© 2 Products
< > Target Folder
Read | Apply-Orbit-File | Calibration | TOPSAR-Deburst | Terrain-Carrection | Write Save as: |BEAM-DIMAP w
Source Product Directory:
MName:
[6] Coherence_intensity_Stack - D:\DRAGOM 2019'Final Dataset\SLC_processed'backscatter_intensity
[] skip existing target files Keep source product name
Data Format: | Any Format v

Runremote J ¢ LoadGraph i Run Close Help

Load & Save %\“/ Clear L/r Note @ Help [> Run
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Creating a stack

‘ NRSLCL @ esa

Radar Tools Window Help
Apply Orbit File

Radiometric

iNvEdeR

Input: Coherence from STEP 1
Intensity backscatter for 2 SLCs from STEP 2

{i-Productset Reader | 2-CreateStack | 3-Write

s x
Speckle Filtering s |W_19Aug2019_31Aug2019 File Name Type /{qmsmm Track orbit %
Coregistration > Coregistration S1A_Iw_SLC__15DV_2015100...|SLC &~ l030ct2015 47 7994
= ) 518_IW_SLC__1SDV_201711L., [SLC 15Nova017 47 5298 =
Interferometric > S1 TOPS Coregistration SLC_Stack_coh_deb_TC SLC 030ct2015 a7 7994 E
Polarimetric 24 DEM-Assisted Coregistration 3 —
Geometric % Stack Tools > Create Stack [
Sentinel-1TOPS 4 Cross InSAR resampling Stack Averaging ?
ENVISAT ASAR > =z B B Aok s
A RS Stack Split &
SAR Applications > i, e -
SAR Utilities > L 4
SAR Wizards > 1-ProductSetReader| 2-CreateStack | 3-yrite
Master: S1A_IW_SLC__15DV_201510037222043_20171115_coregistered_coh_deb_ML_TC
Complex to Detected GR Resampling Type: NONE v
Multilooking nitial Offset Method: ' Brodict Geolocatio v
(Output Extents: Master v
Find Optimal Master
© rep [> Run
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Conversion of sigma0 to db

[-& [18] Stack_intensity_coherence
i (@ Metadata
CI Vector Data
E}a Bands

------ |- Wsigma0_1w1_vv_db_mst (i :
------ E Sigman_Iw1_v_db_sivi_ Add Elevation Band
...... B coh w1 w_030ct2015_ Band Maths...

<

Navigation - [1... X | Colour Manij Filtered Band... |

Linear to/from dB

» Right click on the sigma0 band

Open Image Window

e L p Y,

Add Land Cover Band > Conversion linear to/from db

E:; » Right click on the sigma0O_db virtual
band

Eelete_ » Select ,convert band”

e » Save the product: File/Save product

PERAHEATE “RITRI” SBIUH 2019 £ bbb % i 2 1 U1 B

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
3ZIRdE): 2019 £118188-238 T : BEKXE

18-23 November 2019 | Chongging, PR. China




Band math: average sigma 0 and differenc@®¥,... @esa

Raster Optical Radar Tools Window Help 19 Band Maths e S i g m a O d iffe re n Ce

Band Maths...

Target product:
Filtered Band... [10] Stack o Product: | [18] Stack_intensity_coherence
Data sources: Expression:
Name: diff_sigma = — Py 1s o1 S B—
418.Sigma0_IWl_VV_db mst_030ct2015 e+e $18.Sigma0_IWL VW2 - $18.Sigma0_IW1 V¥
Description: $18.Sigma0_IWl_VV_db_slvl 1SNov2017 o0
Geo-Coding Displacement Bands... Unit: $18.coh_IWL_VV_030ct201§5_15Nov2017_slv_030ct20l5
: - ]
$18.Sigma0_IW1_WV
Subset... Spectral wavelength: 0,0 R — ==

DEM Tool: > $18.5igma0_IWl_Vvz a/ e
ools >

Virtual (save expression only, don't store data)

(@)
>
Geometric Operations [ Replace NaN and infinity results by Nal Constants. .. v
|
Masks >
[[] Generate associated uncertainty band Show bands Operators. . v
Data Conversion > Functions v
Band maths expression: Show masks .
Image Analysis ? Sigmal0_IW3_WV_siv2_31Aug2019 Shaw tie-point arids
Classification > 0k, no errors.
Show single flags
Segmentation >
Export > Load... Save... ] | EditExpression... 1 Concs) sk

oK Cancel Help

Sigma0 average

Product: | [18] Stack_intensity_coherence

Data sources: xpression:
$18.8igma0_IW1_VV_db_mst_030ct2015 g+ e (£18.Sigma0_IW1_VV+
$18.5igmad_IWl WV db slvl_15Novw20l7 P $18.5igma0_IW1 ¥
$18. V_030ct2015_1SNovZ0l7_slvi 0302018
$18_Sigma0_TW1_WV e
$18_Sigman_IW1 WV2 @re
@
Constants.. . v
eratora. .. v

%] Show bands o

Functions... v

Show masks

Show tie-point grids

Ok, no errors.

Show single flags

oK Cancel Help
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Creating RGB false composite

[ Product Explorer X [ Pixel Info \

- Sigma0_IW3_W

& [9] S1A_IW_SLC__1SDV_20190831T055016_20190831T055043_028809

i} Metadata

+- (33 Vector Data

--&3 Bands

- Sigma0_IW3_wW

5

o0 M
Cl
=&

EpEEEEEg 5

Navigation_._ |

Band Maths...

Add Elevation Band

Add Land Cover Band
Group Nodes by Type
Open RGB Image Window
Open HSV Image Window
Close Product

Close All Products

Close Other Products
Save Product

Save Product As...

Copy

Properties

~

‘ NRSLCL @ esa

£ select RGB-Image Channels X
Profile:
Tkonos (modified) v = [ i
Red: | $10.coh_IW3_VV_15Aug2019_31Aug2019 v
Green: $10.average_sigmal ~
Blue:  $10.diff sigmad v

Expressions are valid

D Store RGB channels as virtual bands in current product

Cancel Help

Ctrl+X
Ctrl+C
Ctri+V |

> Right click on the stack product
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» Open RGB Image Window

Select RGB bands:

R: coherence
G: average sigma0
B: difference sigma0
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Resulting RGB false composite

( NRSLCL @ esa

Multi-temporal product (2015-2017)

Urban centers
Magenta: objects not changing
Green: Vegetated lands and forests
Blue: objects that changed
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[18] RGB Xl [18] Sigma0_IW1_VV_db ’ [18] Sigma0_IW1_VV_db

slvi_15N... coh_IW1_VV_030ct2015_15N
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] v =
[E] [18] Sigma0_1w1_w_db_slv
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