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»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
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Input data: set of two Sentinel-1 SLCs

S1A IW_SLC __1SDV_20220308T044609_20220308T044636_042225_05083C_3949.zip
S1A_IW_SLC __1SDV_20220320T044609_202203207044636_042400_050E29_C7/15.zip

Output: coherence time series for harvest detection
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> TOPSAR Split to choose a subswath and bursts for the AOI
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Radar/Sentinel-1 TOPS/S-1 TOPS Split

] 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:
1, S1A_IW_SLC_ 1SDV_20190819T055015_20190819T055043_028634_033D5F_B955_split
[Asave as: BEAM-DIMAP v
Directory:
C:\LTC2019_demos\Output_cal_TC
[ Open in SNAP

[Ron ][ Gose ]

TOPS Split applied to both S-1 SLCs

|_I/o Parameters! Processing Parameters j

Subswath: [IWl

Polarisations: VH

Bursts: 2t0 5 (max number qf bursts: 8)

»

[ || G

——Selection of subswath

—Selection of polarization
» Selection of bursts

IW2
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STEP 1
Interferometric Coherence
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The orbit file provides accurate satellite position and velocity information. Based
on this information, the orbit state vectors in the abstract metadata of the
product are updated.

&= Apply Orbit File by © Aooy O Fi »
= it
File Help PRy IEETE POEORB - few weeks after acq.
File Help /
10 Parameters  Processing Parameters /
Orbit State Vectors: | sentingl Restituted {Auto Download) v/
[1] 51B_IW_GRDH_15DV_20190315T055747_20190315T055812 0... - Polynomial Degree: B ;
| | IZ' Sentinel Restituted (Auto Download) > RE S O RB - WI t h IN feW h ours
TTOL TOUTTOT
Target Product
Mame:
| ROH_15DV_20190315T055747_20190315T055812_015361_01CC2F_2DE0_Orb |
[7] Save as: | BEAM-DIMAP v
Directory:
|C:‘|LTC2ﬂ 19_demosOutput | IZl
[+] Open in SNAP
| Run || Cose |
[Run || close |
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Mowrsass  G14 [W_SLC__1SDV_20220308T044609".

File Graphs

~

~

\ S1A IW_SLC _1SDV_20220320T70446009...

< >
=

Read \rite Read(2) Apply-Orbit-File Apphy-Crbit-File(2) Back-Geocoding

Source Product
MName:

[3] 51A_IW_SLC__15DV_20220308T044609_20220308T044636_042225_05083C_3949 v|[]

Data Format: Ay Format v

Advanced options

(B o | D By | @ | D

s
MM s

Co-registration of two S-1 SLC split products
(master/reference and slave/secondary) of the same
sub-swath using the orbits of the two products and a
Digital Elevation Model (DEM).

E-u [2) 20220308_20220320
- C2 Metadata
@ (@3 Vector Data
& (@ Tie-Point Grids
& Q Bands
[l i_IW2_VH_mst_08Mar2022

------ @ q_IW2_VH_mst_08Mar2022

@ mensty w2 mst 0wz ————» Coregistered bands in one product

@8 i_Iw2_VV_mst_08Mar2022

[ q_Iw2_vv_mst_08Mar2022
[ Intensity_TW2_VV_mst_08Mar2022
@l i_IW2_VH_slv1_20Mar2022
[l q_IW2_VH_slv1_20Mar2022
@] Intensity_IW2_VH_slv1_20Mar2022
----- B i_1w2_w_slvi_20Mar2022

@ qIW2_WV_slvl_20Mar2022

----- A Intensity_Tw2_wv_slv1_20Mar2022
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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

Radar Tools Window Help

Apply Orbit File
Radiometric

Speckle Filtering
Coregistration

Interferometric

rNvRE9QewR:: MEHEDND

Polarimetric
Geometric
Sentinel-1 TOPS
ENVISAT ASAR
SAR Applications
SAR Utilities

SAR Wizards

Complex to Detected GR

Multileoking

WOoW W W v v v v v v

IW3_W_mst_19Aug2018 X | [ [3] Intensity_IW3_WV_shvl_31Aug2019 X

Products > | Interferogram Formation
Filtering ? Coherence Estimation
Unwrapping ? Topographic Phase Removal

PSNSBAS ¥
InSAR Stack Overview

Three-pass Differential InSAR
Phase to Height

Phase to Displacement

Phase to Elevation

Integer Interferogram Combination
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& Coherence Estimation

File Help

[[] subtract flat-earth phase

Degree of "Flat Earth” polynomial

5

Number of Flat Earth® estimation points | 501

Orbit interpolation degree

[[] subtract topographic phase
Digital Elevation Model:
Tile Extension [%]

[A] Square Pixel
Coherence Range Window Size
Coherence Azimuth Window Size

3

SRTM 3Sec (Auto Download)
100

[[] independent Window Sizes
10
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Demarcation black-filled | line between | bursts
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I
0 1

O — no coherence, the area has changed (e.g. crop
growth)

1 - high coherence, the area has not changed (e.q.
buildings, asphalt)
e

.2 [y
-

Beey e Lo
o—o—0—¢

Low coherence Low coherence  High coherence
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& S-1TOPS Deburst X

File Help

/G Parameters} processing Parameters

Source Product
source:

[5] S1A_IW_SLC__1SDV_20150819T055015_20190819T055043_02... | | ...

Target Product
Name:

5015_20190819T055043_028634_033D5F_B955_split_Orb_Stack_coh_deb_deb
Save as: BEAM-DIMAP v

Directory:

C:\LTC2019_demos\Output SUC\backscatter_TC

[~ Open in SNAP

[ [16] coh_IW1_VV_030ct2015_15Nov2017 X

¥ O [ [17] coh_IW1_WV_030ct2015_15Nov.
_— . : -

=

2017 X
"
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l,,: {err.a ' (. 0COa
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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

allip add

Terrain Correction allows geometric overlays of data from different sensors and/or
geometries.

14

— . = Bl EE 2= E — | imm %] > THE EUROPEAN SPACE AGENCY

- o= 1=l



Radar Tools Window Help

Apply Orbit File PNvBE9eR: MEHED

Radiometric >

Speckle Filtering >

Coregistration - Z

Interferometric > e S

Polarimetric > R, N .‘:'_"_ s .,.;‘; e 3 < ”-” :
I Geometric > [—v‘l'emin Correction [m

Sentinel-1 TOPS > Ellipsoid Correction > SAR Simulation

ENVISAT ASAR ? SAR-Mosaic SAR-Simulation Terrain Correction

SAR Applications > ALOS Deskewing B '

SAR Utilities > Slant Range to Ground Range

SAR Wizards 4 Update Geo Reference

Complex to Detected GR S T A

Multilooking 35 2

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

+ Geocoding

File Help

A4

\coh_IW3_VV_19Aug2019_31Aug2019

Source Bands:
Digital Elevation Model: 'SRTM 3Sec (Auto Download) v]
DEM Resampling Method: 'BILINEAR _INTERPOLATION v]
Image Resampiing Method: BILINEAR_INTERPOLATION v| |4
Source GR Pixel Spadngs (az xrg):  13.86(m) x 3.37(m)
Pixel Spacing (m): 13.86 |
Pixel Spacing (deg): 1.2450649837896563E 4 |
Map Projection: | WGS84(DD) \\
[+/] Mask out areas without elevation [ | Output complex data
Output bands for:
[] selected source band [Joem [[] Latitude &Longitude
[J Incdence angle from elipsoid [ ] Local incidence angle [] Projected local inadence andle
] Apply radiometric normalization
Save Sigmal band |mmmmmmm¢ vl
Save Gamma0 band |U=epvpdndlnainudmc:m*ﬁml‘.ﬂl v|
Save Beta0 band
Auxiliary File (ASAR only): |um Auxiiary File - |

Select:
> DEM
» Resampling

/ > Pixel spacing
» Projection

N

Pixel spacing
20m

[(®en | [oe=T]
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For each image pair in the time series

- - -

» This part can be run in batch process

Save the graph and run batch processing
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. Batch Processing @ batch processin graphxmil
File Graphs
IJO Parameters  Coherence TOPSAR-Deburst Terrain-Correction  Write
File Mame Type Acquisition Track Orbit 9P
Stack SLC DEMarz022 153 42225 |—
S1A_IW_SLC_ 15DV_20220.,, SLC DEMarz022 153 42225 4
S1a_IWw_SLC_ 15DY_20220,.. SLC Z0Marz022 153 42400 =
[
(23
Run remote Load Graph || Run Close p

Load your saved graph
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A

E Graph Builder : Step0_Graph_to subset inputs.xml X

File Graphs

Raster/Subset "

E Specify Product Subset *

A
Pixel Coordinates Geo Coordinates
Scene start : 4,282 -5
Scene start ¥: 5,201 5
Scene end X! 8,886 1+ OR
Scene end Y: 8,09 3
v
Scene step X: 1 < >
Scene step Y = Read Subset write
Subset scene width; 4605,0 [“] Copy Metadata A
Subset scene height: 2896.0 () Pixel Coordinates (@) Geographic Coordinates
Source scene width: 13169
- Reference band: h_IW2_VH_08Mar2022_20Mar2022
Source scene height: 13298 AT e OV s
[] Fixx Full width
Use Preview
[] Fie Full height
L
Estimated, raw storage size: 101,7M ‘
4746094 46.27157974243164, 20.740867614746094 46,4007453918457, 20.740867614746094 46,4007453918457)) | Update

- Canicel Help = ) B
' N % cexr | [Anote | Bswve  @Hep | [>rn

18

= T il == L= llill O 5 = == = Il ZE E= — | fmm [I%| > THE EUROPEAN SPACE AGENCY



Radar Tools Window Help

Input: all coherence subset images

Apply Orbit File
Radiometric >
T P VV_19Aug2019_31Aug2019 i 1-ProductSet-Reader | 2—Creates13d-c| 3—Write|
Speckle Filtering > PV s
Coregimtion > = = File Name Type Acquisition Track Crbit +
s ] Coregustratmn. ) S1A_IW_SLC_ 15DV_2015100...[5LC 030ct2015 47 7994
Interferometric 2 S$1TOPS Coregistration > 51 W _SLC_ 15DV_201711L.. [5LC 15Nov2017 a7 5298
Polarimetric > DEM-Assisted Coregistration > : SLC_Stack_coh_deb_TC sL.C 030ct2015 47 7994 I
Geometric > I Stack Tools Cinats Stach
Sentinel-1TOPS ’ Cross InSAR resampling Stack Averaging =
ENVISAT ASAR e e Stk St
SAR Applications > &
SAR Utilities >
SAR Wizards >
Complex to Detected GR :::at:phng Types S1A_IW_SLC_ 15DV_20151003T222043_20171115_coregistered_coh_deb_ML_TC 5
Multilooking Initial Offset Method: Ty
Dutput Extents:
| @re | Drn |
19
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Path to ESRI Shapefile (*.shp):
Iministrator\Downloads\extracted fields\Winter Wheat_Harvest 2022-07-07.shp

<Previous || Next> || Finsh

[ & ground_control_points
“ [ ® winter_wheat

12 || Masks

[] ® winter_wheat

[ ® winter Wheat_Harvest 2022-07-07.shp
] ® [1] coh_IW2_¥v_08Mar2022_20Mar2022

Add the layer with shapefiles of crops

View/Tool Windows/Radar/Time series

Draw your ROI

‘022 - [Stack] - [\\isilon-esrin.go.esa.int\folders\Data\SNAP_exercise_LTC22\coherence_stack\Stack.dim] - SNAP
Vel:torf Raster Optical Radar Tools Window Help

‘%NszctorDataContainer IMQIQMME%%%%?% ;{ R@@\&Gci\v.a,%@ﬁ
Geometry from WKT — | [@ 1] coh_1w2_wv_o8Mar2022_zoMarz022 X 08Mar202;
WKT from Geometry : 2 - 4
Import > B AL . AT ! /

B | Export > 9 ' g vy

. .

022_20Mar2022

022_20Mar2022

022_13Apr2022_shvi_20Mar2022
022_13Apr2022_slv2_20Mar2022
022_25Apr2022_slv3_13Apr2022
122_25Apr2022_slv4_134pr2022
022_07May2022_shS_25Apr2022
122_07May2022_slvé_25Apr2022
1022_19May2022_sh7_07May2022
022_19May2022_slv8_07May2022
1022_31May2022_shvd_19May2022
022_31May2022_slv10_19May2022
1022_123un2022 _shv11_31May2022
022_123un2022_shv12_31May2022
022_241un2022_slv13_121un2022
122_243un2022_slv14_123un2022
022_061ul2022_slv15_241un2022
122_061ul2022_slv16_241un2022
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— . = Bl EE 2= E — | fmm %] > THE EUROPEAN SPACE AGENCY



Product Explorer X | Pixel Info

I

=& [1]Stack

[ [1] coh_1w2_vv_08Mar2022_20Mar2022 X

View/Tool Windows/Radar/Time series

- (] Metadata
&3 Vector Data

i- ‘ pins

-H> ground_control_points
> winter barley 06_20
G- (@2 Bands
=5-E3 Masks

“[E winter barley 06_20

Navigation - ... | Colour Mani... |Uncertainty ... |World View | TimeSer.. x| —

0.8
coh_IW2_VV_08Mar2022_20Mar2022_ coh TW2_W_20Mar2022 13Aprboz2, [0,

7 coh_IwW2_wV_13Apr2 K2_255;)!2122_s|v4__l3*2202& ﬁ\_&Z_Vl_Z‘apr%

(coherence)
o
-

B I &

0 T .r"

T T —1 —
06Mar22 25Apr22 14Jun22 03Aug22
Aciuisklon Date ?

' B Time Series Filters X
L]

& 4 [[] coh_iw2_vH_08Mar2022_20Mar2022 A
[~ coh_twz_\v_08Mar2022_20Mar2022

[] coh_Iwz_VH_20Mar2022_13Apr2022_shvi_20Mar2022

[7] coh_tw2_\v_20Mar2022_13Apr2022_shv2_20Mar2022

[[] coh_tw2_\H_13Apr2022_25Apr2022_sh3_13Apr2022

. coh_IW2_\\_13Apr2022_25Api2022_shd_13Apr2022

~y [ coh_tw2_\VH_25Ap2022_07 May2022_shb_25Apr2022

[A coh_tw2_\v_25Ap2022_07May2022_shé_25Apr2022
[[] coh_tw2_\H_07May2022_19May2022_sh7_07May2022
[] coh_tw2_\_07May2022_19May2022_sh8_07May2022
[[] coh_tw2_\VH_10May2022_31May2022_sh@_18May2022
o p.! [[] coh_tw2_\_19May2022_31May2022_shA10_19May2022

b Dcoh_lWZ_VH_31Mm022_12.lun2022_slv11_31w22 v

n Time Series Filters

Pt

[#] winter_wheat

Statistic

(® Mean () Standard Deviation

]

'. [ ]| conca

Select bands and mask
(your geometry with the
crop) 21
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Product Explorer X {Pinel Info |

=2
3]
&2

20Mar2022 Ch

&

IW2_YH_08Mar2022

[1] Stack
3 Metadata
&3 Vector Data
i pins
g ground_control_points
LB winter_wheat
&3 Bands
[ coh_Iw2_YH_08Mar2022_20Mar2022
. coh_IWw2_VY_08Mar2022_20Mar2022
- coh_IWz_YH_20Mar2022_13Apr2022_slv1_20Mar2022
. coh_IW2_VY_20Mar2022_13Apr2022_slv2_20Mar2022
‘B coh_IW2_VH_13Apr2022_25Apr2022_slv3_13Apr2022
B coh_1w2_vw_13Apr2022_25apr2022_slv4_13Apr2022
coh_IW2_YH_25Apr2022_07May2022_slvS_25Apr2022
coh_IW2_VY_25Apr2022_07May2022_slvé_25Apr2022
coh_IW2_YH_07May2022_19May2022_sh7_07May2022
coh_IW2_YV_07May2022_19May2022_slv8_07May2022
coh_IW2_YH_19May2022_31May2022_shv9_19May2022

e TS UL 4 OM e AOAR AL A e DOAA bl O O”M A DOAA

20Mar2022 [l Navigation - [1] coh

Time Series X |

1

IW2_VYH_08Mar2022

(coherence)
o
w

visualisation |@ Colour Manipulation - [1] coh

06Mar22

coh_IW2_VV_08Mar3022_20Mar2022_coh TW2_W_20Mar2022_tBapr: [ 1),

vohksVBHEdE 1 3ApI2022 25Apr2_032_s|v4_13Ap«2023 coh_Iw2 |

L2y

_:ob IW2_W_07May. 2022_19May2022_slv8_07May2022 coh_IW3 WV

coh_IW2_W_31May: !022__121m2022_slv12L31May2022 coh_IW}

P_WV_ IB,./

{ oh __‘IWZ_W_;HJun_ZPZi_OGhIZOZZ_sIvlGaﬁﬂuniw_’.’ coh;IWZ_
coh_IW2_WV_183ul2022_301ul2022_slv20_181ul2022 coh_IW2_V}
— W ————— — — — — —

VV_0¢
o
'_30]

_— ’/

B 5

—T T
25Apr22

03Aug22 2

VYH_08Mar2022_20Mar2022 X
[ > '.‘ e

22

[
|
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075 coh_IW2_VW_0BMar2022_20Mar2022 coh_IW2_W_20Mar2022_13Apr2022_siv2_20Mar2022 Loh_IW2_VV_13Apr2022_2SApr2022_shv4_13Apr2022  coh TW2_VV_25Apr2022 iﬂ'ﬂhiﬂg
vohtghVBH¢dL07May2022_19May2022_sive_D7May2022 :Lh_lwz_w_lmyznzz_siuayzazz_nhm_lmvzozz coh_IW2_VV_31May2022_12Jun2022_slvi2_31May2022 coh_Jw2_V
coh_IW2 W _243n2022 0632022 siv16 24Jun2022  coh W2, WV_ 0620221832022 sv18 0632022 coh IW2_W_183u2022 3002022 siv20_183u2022 _coh IW2 W _30%ul2
Harvest 07/07
A
0.5 10Q/N7
10/U/[
. . 06/07 .
Low coherence Low coherence  High coherence
o T T T T T
0&6Mar22 25Apr22 B 14Jun22 03Aug22
23
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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

24
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.

MENU Graph Bu:/der + Batch processmg too/

Input: Two splitted SLCs

File Graphs
~ File Graphs
1O Parameters g,mﬂuﬁe | calibration | TOPSAR Deburst | Terrain-Correction | write |
File Mame Type Acquisition Track Orbit EL
S1A_IW_SLC__15DV_20151...[5L.C 030ct2015 47 7394 !
51B_IW_SLC__1SDV_2017L... [5.C 15Nov2017 47 8298
=
5
=
v 2 Products|
< > Target Folder
Read | Apply-Orbit-File | Calibration | TOPSAR-Deburst | Terrain-Correction | write| Save as: |EEAM-DIMAP W |
Source Product Directory:
Mame: - -
(] Cobrene iy Sk = D:\DRAGON2019\Final Dataset\SLC_processed backscatter_intensity [ ]
ip existing target files [¥] Keep oduct name
ot P exstng e sourcer
Runremote | |
Yo |G | @ | Dro |

25
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Sentinel-1 AWS-IW-VVVH - IW-DV-VV-DECIBEL-GAMMAO-RADIOMETRIC-TERRAIN-
CORRECTED

5 years 2 years 1year 6 months 3 months 1 month

27.Feb 22 23.Mar22 15.Apr22 8.May22 31.May22 23.Jun22 16.Jul22 9.Aug22

o
-45 Expo rt CSV sm m 1v] + THE EUROPEAN SPACE AGENCY




VH/VV

fy ———ll) 100%

Based on the last band of the custom script.

Sentinel-1 AWS-IW-VVVH - Custom

5 years 2 years 1year 6 months 3 months 1 month

27.Feb22 23.Mar22 15.Apr22 8. May22 31.May22 23.Jun22 16.Jul22 9. Aug22

co W c2

X Export CSV

- == 4 |1
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