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Introduction @/pgcc @esa

Input data: set of Sentinel-1 SLCs

SIA IW_SLC__1SDV_20190819T055015_20190819T055043_028634_033D5F_B955
SI1IA _IW_SLC__1SDV_20190831T055016_20190831T055043_028809_03437F_6942

Output: coherence - intensity false colour
composites for land cover mapping
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Terrain QbSérvation
by Progressive Scans




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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Scattering mechanisms ‘_(Q,,,,gw @esa

FREQUENCY 2. INCIDENCI 3. POLARIZATION | 4. GEOMETRY 5. DIELECTRIC
ANGLE CONSTANT
a. Low a. HIGH a. HORIZONTAL a. TREE a. HIGH

1,

b. HIGH b. LOW b. VERTICAL b. CROP b. LOW

%
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Sentinel-1 TOPSAR Split

MENU: Radar/Sentinel-1 TOPS/S5-1 TOPS Split

o

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 ] [

TOPS Split applied to both S-1 SLCs
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3 s-1TOPS Spiit

File Help

1/O Parameters Processing Parameters
Subswath:  |1w3
Polarisations: VH

Bursts:

7 to 9 (max number of bursts: 9)

‘_“QNHEEL' @ esa

—» Selection of subswath

— Selection of polarization
—— Selection of bursts

IW3
vV
7-9
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‘_“QNIIEEE @ esa

STEP 1
Interferometric Coherence
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Coregistration

E Graph Builder

File Graphs /

[ | oo

SI1IA IW_SLC _1SDV_20190819T055015...

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

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

\ SI1IA IW_SLC__1SDV _20190831T055016...

<
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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- [3] S1A_IW_SLC__ 1SDV_20190819T055015_20190819T055043_028634_03
++ 03 Metadata
i+ (2 vector Data
- [E3 Tie-Point Grids
=33 Bands
B i_tw3_v_mst_19Aug2019
B q_w3_vw_mst_19Aug2019
~E Intensity_IW3_VV_mst_19Aug2019
B i_tw3_w_sivi_31Aug2019
- q_IW3_WV_slvl_31Aug2019

[ intensity_TW3_W_sivi_31Aug2019

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
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Coregistration ... €eesa

Master The Cross Correlation operator creates an alignment between master
and slave images (matching automatically distributed correlation
+ optimization windows between master and slave)
INSAR Stack ] First on coarse level, with large windows and lower oversampling
. ‘ " factors, later on fine level, with smaller windows and higher
" oversampling factors.

Coarse & Fine

+ With the master-slave offsets computed, a coregistration polynomial
Resample ) (CPM) is estimated by the Warp operator, which resamples pixels in
‘ J the slave image into pixels in the master image.
\\Master
Resampled
Slave's
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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
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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

[ [10] konosRGB X | [l [10] coh_IW3_WV_19Aug2019_31Aug2019 X | [l [4] coh_IW3_WV_19Aug2019_31Aug2019 X

& Coherence Estimation

File Help

1/0 Parameters | Procest

[ 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

Demarcation black-filled line between bursts
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S-1 TOPS Debursting (@ oesa

MENU: Radar/Sentinel-1 TOPS/S5-1 TOPS Deburst

@

-

@ S-1TOPS Deburst X g
File Help g
| =

s

Processing Parameters

JIabeueyy taie [m

3l

1abeuey) sel

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

Radiometric 1/0 Parameter:

Speckle Filtering > Source Bands: coh_IW3_VV_19Aug2019_31Aug2019

Coregistration >

Interferometric > .

Polarimetric > . SeIeCt !

Geometric 2 Terrain Correction 2 Range-Doppler Terrain Correction > D E M

Sentinel-1 TOPS > Ellipsoid Correction > SAR Simulation > Resa m p I i n g
ENVISAT ASAR g SAR-Mosaic SAR-Simulation Terrain Correction Digital Elevation Model: SRTM 35ec (Auto Download) . .

v
SAR Applications > ALOS Deskewing T8 St § 51 @ ) > Pixel spacing
SAR Utilities 2 Slant Range to Ground Range pE Resanplng retod: = = = 1 1
s A g ? Image Resampiing Method: BILINEAR _INTERPOLATION 7|4 > P roje ction
Update Geo Reterence Source GR Pixel Spacings (a2 xrg):  13.86(m) x 3.37(m)
Complex to Detected GR O = e Prer:pacingm(m)s-p Ao 1!' . L
Multilooki :
ultilooking Pixel Spacing (deg): 1,2450649837896568E-4
Map Projection: WGS84(DD)
Mask out areas without elevation [_] Output complex data
Output bands for:
Compensate for geometric distortions caused Eseectedsoucebend  [Joem [Jtastude Longhude
. - - [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 - Sav ban Use projected local incidence angle from DEM
Use projected local incidence angle from DEM
+ Geocoding
Latest Auxiiary File
e
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STEP 2
Backscatter Intensity

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




Backscatter Intensity product

MENU: Graph Builder + Batch processing tool

Al Graph Builder : cal_deb_ML_TCxml

File Graphs

N e L) S B e ere -

< >

Read| Apply-Orbit-Fie Calbration TOPSAR-Deburst Multiook Terrain-Correcton Write
Source Product

Hame:

S1A_IW_SLC__1SDV_20190819T0S55015_201908 19T055043_028634_033DSF_B955_spit

Data Format: Any Format

(= Wisove | % cen Ao | () ren [> Run

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

‘ NRSLCL @ esa

Input: Two splitted SLCs

E Batch Processing : cal_deb_ML_TC.xml

File Graphs

1/O Parameters ply-Orbit-File Calibraton TOPSAR-Deburst Multilook Terrain-Correction

File Name Type Acquisition Track Orbit
S1A_IW_SLC_ 15DV_20180...[sLC |19Aug2013 37 [28634
S1A_IW_SLC__1SDv_20190... [SLC ‘ 31Aug2019 37 |2830‘3

FRle e s ﬂl:%:l =ﬂ=|

2 Products
Target Folder
Save as: BEAM-DIMAP v
Directory:
C:\LTC2019_demos\Output SLC
[] Skip existing target files Keep source product name
Close Help
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Creating a stack

‘ NRSLCL @ esa

Radar Tools Window Help
Apply Orbit File
Radiometric

Speckle Filtering

>

iNvEdeR

|W_19Aug2019_31Aug2019 X

& Create Stack

1-ProductSet-Reader 2-CreateStack 3-Write

Input: Coherence from STEP 1

Intensity backscatter for 2 SLCs from STEP 2
X

- = File Name Type Orbit %+
Coregistration 2 Coregistration S1A_IW_SLC__15DV_2019081... S.C AGhug2019 [37 28634
Interferometric > - /S1A_IW_SLC__1SDV_2019083...SLC 31Aug2019 37 28809 =
o $1TOPS Coregistration S1A_IW_SLC__ISDV_201908L... SL.C 19Aug2015 37 28634 +*
Polarimetric 24 DEM-Assisted Coregistration
Geometric % Stack Tools Create Stack [
Sentinel-1TOPS 4 Cross InSAR resampling Stack Averaging &
ENVISAT ASAR > < B - 2 3
SAR Applicati = s Stack Split @ Create Stack %
> s . = .
PP fcathnS 3 e 1-ProductSet-Reader | 2-CreateStack! 34rite
SAR Utilities 2 Master: S1A_IW_SLC__1SDV_20130819T0550 15_201908 13T055043_028634_033D5F_B955_splt
SAR Wizards > Resampling Type: NONE v
Comple to Detected GR s ot uchos -
: (Output Extents:
Multilooking Master .
Find Optimal Master

© reo [> Rrun
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Conversion of sigma0 to

Product Explorer X | Pixel Info [ — | @

=& [8] S1A_IW_SLC__1SDV_20130819T055015_20150819T055043_028634 A | §
4 (3 Metadata
#- (@ Vector Data
&3 Bands
B sigma0_w3_w
&8 [9] S1A_IW_SLC__1SDV_20190831T055016_20190831T055043_028809
#- (0 Metadata
+ D Vector Data
=-&3 Bands
B sigmao_tw3_w
=& [10] Stack
4 (3 Metadata
@[3 Vector Data
=& Bands
B coh_Iw3_Vv_19Aug2019_31Aug2019
B Ssigma0_Iw3_vv_slv1_19Aug2019
B sigma0_Iw3_VV_slv2_31Aug2p*~

» Right click on the sigma0 band

> Conversion linear to/from db

» Right click on the sigma0_db virtual
band

> Select ,convert band”

P » Save the product: File/Save product

Add Land Cover Band

Add Elevation Band
Band Maths...

Colour Ma...  Time Series

Filtered Band...

Linear to/from dB

Cut Ctrl+X 1
Copy Ctri+C |
Ctrl+V

Delete

Delete

Properties
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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... | {3 Band Maths Expression Editor

Target product:

Filtered Band... [10] Stack » Product:  [10] Stack v
Data sources:

Name: T_sigma [s10-con_twa_wv_1saugz019_siaugzols e+e $10.5igma0_IW3_VV_slvl_15Aug2018_db-

Description: |sm.sxm-)_lwz_w_slvx_Ls};ugz-ns a-o 410.51gma0_TW3_VV_s1v2_31Aug2013_di]
Geo-Coding Displacement Bands... Unit: |stJ.sxm-’J_IWS_W_sl 2

F : eve
10.Sigma0_IW3_VV_slvl_lSAug:
Subset... Spectral wavelength: 0.0 —_ [ — T
_> |$.L‘J.Sxm-}_lw3_v'v‘_s].‘.'2_3.\.&\-\;2-}).9_:!]: ersre
DEM Tools > Virtual (save expression only, don't store data) |s10.average_sigmao &
> 10 dies c

Geometric Operations Replace NaN and infinity results by Hal Js10-see_sigmao feonei e
Masks >

[[] Generate associated uncertainty band Operators. .. v
Data Conversion >

Band maths expression: e 4
Image Analysis ? Sigma0_IW3_W_siv2_31Aug2019
Classification > Ok, no errors
Segmentation >
Export > Load... Save... ] | EditExpression... | | Cancel Help

oK Cancel Help

T Band Maths Expression Editor x
Product: | [10] Stack
Data sourc Expresson:
(EX]
-0
e
0/
o
Constants v
Operators. . ~
Functions ~

WoB
[ [ coes | [ w0

i
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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

2019 ADVANCED INTERNATIONAL TRAINING COURSE IN LAND REMOTE SENSING
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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 ‘_(Q,,,,m, @esa

Multi-temporal 12-day product (August 2019)

Urban centers
Magenta: objects not changing
Green: Vegetated lands and forests
Blue: objects changing in 12 days (e.g. ploughing)
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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

" o GG W J e 3 \ 4 > X ) " . D5
9, P4 : Y, e ; KA AP ! N o ; BT : DA IR z
s X - : i Ay : B

% &
R




8

[ 11s]ree x
] v =
[E] [18] Sigma0_1w1_w_db_slv
RSy s




Answers to your questions @,ﬂggg (éesa

What is the difference between Range Doppler TC and SAR Simulated TC?

SAR Simulation TC : generates simulated SAR image using DEM and orbit vectors
from orginal file, coregisters the simulated SAR image and original one, terrain
correct — for each pixel of DEM finding corresponding position in the simulated image
and corresponding pxel position in the original SAR image

The Range Doppler Terrain Correction Operator implements the Range Doppler
orthorectification. It uses: orbit state vector information in the metadata,the radar
timing annotations, the slant to ground range conversion parameters together with
the reference DEM data to derive the precise geolocation information.
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‘_“gﬂﬂgﬂﬂ @ esa

What do we do if my AOI is in two products?

- AOI

Consecutive/ 11—
sices nlinkl thnlinlel ke IWljiw2| - AOI
! Slice Assembly

Productl:

1
Product2 - gAR Mosaic

| | *It shall be TC and Calibrated before
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