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Introduction

Input data: Sentinel-1 GRDH images over UK

S1B IW_GRDH_1SDV _20180309T174910_20180309T174935_009958_0120AF_4CB8.SAFE
S1B IW_GRDH_1SDV_20180402T174911_20180402T174936_010308_012C0OD_5BA1.SAFE
S1B IW_GRDH_1SDV _20180508T174912 20180508T174937_010833_013CEF_4F5C.SAFE
S1B IW_GRDH_1SDV _20180601T174913 20180601T174938 011183 _014840_B8F6.SAFE
S1B IW_GRDH_1SDV_20180707T174916_20180707T174941_011708_015894 _C5B7.SAFE

Output data: temporal backscatter signatures for various land cover types
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Data processing

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

Analysis of temporal backscatter signatures
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Data preparation “QM ecSa

. £ SNAP- Open Product
1. Opening the S1 data
Look In: |ﬁ S1E_IW_GRDH_15DV_20180309T174910_20180309T174935_009958_0120AF 4CES. SAFE
&5 Open Product... - [ : | —— 3 annotation 8/7/18 4:13 PM
Reopen Product.  » || &b o E P =L 7 % ot LA [ measurement 8/7/18 4:13 PM
& Product Library nfo | =5 ] preview 8/7/18 4:13 PM
Close Product 3 51B_IW_GRDH_15... B/7/18 4:13 FM
[ support 8/7/18 4:13 PM
manifest.safe | 21 KE 8/7/18 413 PM
51B6_IW_GRDH_15. .. 19 KE &/7/18 4:.13 FM
Session »
Projects »
Import »
Export »
Exit
File Name: [manifest safe
Files of Type: |AII Files
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Data preparation

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
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Product Explorer X | Pixel Info = ""[1’]’@5‘;?
¢ & [1] 51B_IW_GRDH_15DV_20180309T174910_20180309T174
o~ (@ Metadata
o~ (@ Vector Data
o~ (@ Tie-Point Grids
o @ Quicklooks
¢ & Bands
B Amplitude_VH
] Intensity VH
B Amplitude_wW
] Intensity_ W
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Spatial subset {cesa

[ e by - B IW GRDH 1SD 0180309 4910 20180309T 174935 009958 0120AF 4CB8]-[/ap

s g 2021 : 2 A -

File Edit View Analysis Layer Ve-ttor Rasterf Optical R;adar Tools ﬂi.ndow Help
B3 3 k3 - 5 Band Maths... 2
= % e . ol ‘5 Filtered Band... oA L‘L-J @ ]@‘ I& \i E 7 % %

= : Convert Band
Product Explorer X | Pixel Info B
Propagate Uncertainty...

= [1] S1B_IW_GRDH_1SDV_20180309T
i B T = - Geo-Coding Displacement Bands...

o Metadata
. errr—

o (@3 Vector Data - ‘
o (3 Tie-Point Grids Geometric Operations »

28
i
kS
@
»

ity VH x \

‘AJean Janpodd ,‘Jv ‘

o (3 Quicklooks DEM Tools » !
¢ &3 Bands Masks

B Amplitude_VH Data Conversion oy

B Intensity VH Image Analysis =

B Amplitude_w Classification » -

B intensity W Segmentation E
Export 5

=

3
a |

]

|3
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Spatial subset - parameters

Specify Product Subset:

[ Spatial Subset | Band Subset | Tie-Point Grid Subset | Metadata Subset |

“Pixel Coordinates | Geo Coordinates |

Scene start X: [ 23011
Scene start Y: [ 177
Scene end X: [ 13806/
Scene end Y: \ 4956
Scene step X: I 1::
Scene step Y: l 1::
Subset scene width: 11506.0
Subset scene height: 4780.0
Source scene width: 26247
Source scene height: 16689

Use Preview

‘ [] Fix full width

<

[] Fix full height

( Spatial Subset |("Band Subset | Tie-Point Grid Subset | Metadata Subset |

@ Amplitude_VH
Intensity VH  Intensity from complex data
[Z] Amplitude_ VW

Intensity VV  Intensity from complex data

[v] Select all [ ] Select none

Estimated, raw storage size: 104.9M

o] soree [z |

Estimated, raw storage size: 104.9M

l OK H Cancel H Help J
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Data check \§

i} SNAP®
Qv

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

ag Fhd P A UWOBMWIET| GRS ==
Product Explorer X | Pixel Info [ = [.[1] Intensity VH x

¢ & [1] S1B_IW_GRDH_15DV_20180309T174910_2018(
o- (33 Metadata
o~ (33 Vector Data
o (@ Tie-Point Grids
? &3 Bands
B Amplitude_VH
[d intensity VH
B Amplitude W
m Intensity_W

<«

v iy
¥ [l E¥

| 126euRy Jake [ i ‘ [ A1eag 32npoag

L)

[« ] | D]
Uncertai... |World ... X| &

Colour M...

Navigatio..

| Jabeuep ysep

h Norwich

Birmingham

London 50 Km

Off Globe Downloading
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Radiometric Calibration &&iesa

Radar || Tools Window Help

Apply Orbit File e e file Hclp
I_I‘z"abdio""etric 4 I_lCalibrate |/ IfQ Parameters rPrncessing Parameters |
Speckle Filtering »| Radiometric Terrain Flattening
’ ! Polarisations: WH
Coregistration P| Remove Antenna Pattern
Interferometric »| S-1 Thermal Noise Removal
Polarimetric b C ert s 50 to BetaC
Geometric p| Convert Sigmal to Gammal
Sentinel-1 TOPS b C ¢
ENVISAT ASAR b
SAR Applications » []save asc ex output
SAR Utilities 4 Output sigmal band
SAR Wizards » [ ] Output gammal band
I
Complex to Detected GR Ll Diitpit betad band
Multilooking
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Geocoding ‘\\&- Sd

File Edit View Analysis Layer Vector Raster Optical Tools Window Help

- = Apply Orbit File 9 3 Doa
ag G la dd P iome A Al ® ® wl& T @2 LB 4l
Product Explorer X | Pixel Info = | ] iz:ec:?e:::.er;ng
I IStratio

¢ & [1] S1B_IW_GRDH_15DV_20180309T174910_2018(
o~ (3 Metadata
o (@ Vector Data

¢ & Bands S g s — =
' Amplitude VH ENVISAT ASAR SAR-Simulation Terrain Correction 3§

Interferometric

viv v vy

| 1abeuepy sakeT [l ‘ ] }Am_lqn Pnpodd 2

B intensity VH SAR Applications
. Amplitude_W SAR Utilities
B intensity_w SAR Wizards
Complex to Detected GR
Multilooking
[« Il | ]

.| Colour M... |Uncertai... |World... X| &

Navigatio

Jabeuepy ysep blg |

"
Birmingham

Off Globe

[ bE TR S Lat - Lon = Zoom -- Level --

2 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING

10-14 September 2018 | University of Leicester | United Kingdom




(s,

\<@Ssa

Geocoding

File Help File Help

" I/O Parameters f Processing Parameters \ 1/0 Parameters | Processing Parameters
Source Product Source Bands: Sigma0_VH
source: Sigma0_W

[[21 518_W_GRDH_15DV_20180309T174910_20180309T174935_009958_0120AF 4CE... | v H:|

Target Product
Name:
]SlB IW_GRDH_15DV_20180309T174910_20180309T174935_009958_0120AF 4CB8_Cal_TC

Digital Elevation Model: |
[v] Save as: [BEAM-DIMAP = 9 |SRTM 3Sec (Auto Download) lvl

Directory: DEM Resampling Method: BILINEAR_INTERPOLATION v|

|/apph(atmn/workdir/LTC201Blsubset small_Cal TC ]El Image Resampling Method: BILINEAR INTERPOLATION vl
Open in SNAP Source GR Pixel Spacings {azx rg): 10.0(m) x 10.0{m)

Pixel Spacing (m): [10.0 |

Pixel Spacing (deg): [8.983152841195215€-5 |

Map Projection: i WGS84(DD) l

Mask out areas without elevation []
Output bands for:
[v] Selected source band [_] DEM [] Latitude & Longitude

[_]incidence angle from ellipseid [_| Local incidence angle [ ] Projected local incidence angle

[] Apply radiometric normalization
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Data check

ST OR2 08030 T
Radar Tools Window Help

File Edit View Analysis Layer Vector Raster Optical

a% DE Jhd PR

o Al @ 2w ¥ 3| G

oH

[DIi~iE] &

Product Explorer X| Pixel Info =] 'W'W
o & [1] S1B_IW_GRDH_1SDV_20180309T174910_2018(
¢ & [2] S1B_IW_GRDH_15DV_20180309T174910_2015(

o~ (33 Metadata

o (3 Vector Data

¢ &3 Bands
o
B sigmao_w
[« I I D]
Navigatio... | Colour M... | Uncertai World ... X| [

Birmingham

Off Globe Downloading
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Spatial subset — batch processing with automatic
processing graph

(Y

o
92
Q

: SNAP
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q-
a8 HE Thd PR ["ANULUO®MIEE X S E = v Lzl s
Product Explorer X | Pixel Info = ]
[z
B3 x| 3
2
File Graphs ~
|7
o= &
= o
2
< =/
r?
5
2
3
Add ¥ L Input-Output » &
]
Read Connect Graph | (3 optical > m 2
2
(& Radar » =
(L Raster ¥| L Classification » =
& Tools »| L Data Conversion » |
(L Vector »| [ DEM Tools » =
@
& Mphchl . Geometric ¥ % Collocate =
£ SmosNetcdfExport | [l Image Analysis  b| §# Multi-size Mosaic 3
(L Masks »| & Reproject a
Navigation | Colour ... |Uncertai... |world... x|[smosL.. | @& 4§ BandMaths £ Resample
£ BandMerge I £ Subset I
& Flip = - |
’
< 1 £ Image-Filter i Lﬂ
S 4# TemporalPercentile
(Read [ Write | bl
Source Product
Name:
United Kingdom [ [=][.
|
Data Format: |~
Birmingham Amsterdam
Rotterdam
London
Engis Source product not selected
Guernsey _200Km = 3 -
T oad | @save | %oclear | [Anote | @Hep | [>run
off Globe
| % =y = | Lat -~ Lon - Zoom - Level - @
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((Read | Write | Subset e

A ———, Parameters of the subset

| L (e.g. spatial extent)

Data Format: [E

‘ Load &‘ Save %‘/, Clear | @ Note I Help I [> Run .
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Spatial subset — batch processing

SNAP
Q-

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

a% e fhd Pl AL OI® WS

Product Explorer X | Pixel Info =

LS
5%
%

El

File Graphs

([ /O Parameters ¥ 1
File Name ! Type ]‘ Acquisition ! Track [ Orbit | F I Addll ’g da ta

| |
products

0 Products

Target Folder

Navigation | Colour ... |Uncertai... |World... X |SMOS L... =1
z Save as: |BEAM-DIMAP v

Directory:
[

!/appIicatlon/pi/Desktop/subset

[] skip existing target files [v] Keep source product name

[ Load Graph [l Run || Close H Help ]
| |

United Kingdom

2 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING

10-14 September 2018 | University of Leicester | United Kingdom




Spatial subset — batch processing &\*—esa

A Batch/Processing = ! &)
File Graphs File Graphs

(/O Parameters (110 Parameters | Subset |

File Name Type Acquisition Track Orbit gk Source Bands: Amplitude_VH

S1B_IW_GRDH_15DV_20... Intensity_VH

S1B_IW_GRDH_15DV_20... Amplitude_W

S1B_IW_GRDH_15DV _20.. Intensity W

S1B_IW_GRDH_1SDV _20...

S1B_IW_GRDH_15DV_20...

[v] Copy Metadata

() Pixel Coordinates (® Geographic Coordinates

FRlee® ]|

s

5 Products

Target Folder
Save as: IEEAM-DIMAP lv‘
Directory:
[/application/workdir/LTCZOlB/subset small ||

; l “ Update
[] Skip existing target files [v] Keep source product name [ ]

q i [»
Load Graph I Run H Close H Help | Load Graph “ Run ” Close JL Help |
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Data check

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

& or Al @ @ I

DE| Lk d| PR

Product Explorer X | Pixel Info =] [ [ (13] Intensity_VH x\
S [1] S16_IW_GRDH_15DV_20180309T174910_ . y

oo

o &l [2] S1B_IW_GRDH_1SDV_20180321T174910_
.- & [3] S1B_IW_GRDH_15DV_20180402T174911_
o & [4] S1B_IW_GRDH_15DV_20180414T174911
o & [5] S1B_IW_GRDH_1SDV_20180426T174911
o & [6] S1B_IW_GRDH_15DV_20180508T174912 |
o B [7] S1B_IW_GRDH_15DV_20180520T174913 _
o &l [8] S1B_IW_GRDH_15DV_20180601T174913_
o & [9] S1B_IW_GRDH_15DV_20180613T174914
- @ [10] S1B_IW_GRDH_15DV_20180625T174915
o & [11] S1B_IW_GRDH_15DV_20180707T174916
o g [12] S1B_IW_GRDH_1SDV_20180719T174917
o & [13] S1B_W_GRDH_15DV_20180731T174917

[« il »]

Navig... | Colo. Unce. X | SMO. =

Glasgow

isle of Man
UnitediKingdom

Dublin

Belgium

Pagje
200 Km,

Off Globe

Zoom -- Level

[1abeuen ysew §y

<«

AIRiqr 3npold 2

1ebeue 1oheT ()

@
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Automatic Processing Graph - Calibration &?esa

File Graphs

[ /O Parameters [ Calibration rSpeckIe-FiIter rTerrain-Correction rLinearToFrodel |

Polarizations: VH

— W
[] Save as complex output

I Qutput sigmal band I

[] output gamma0 band

[T

4] ] I [»]

ax . [] Output betad band
(‘Read | Calibration | Terrain-Correction | Write
Polarisations: ‘VH L%_'

[¥] Output sigma0 band
[_] Output gamma0 band
[C] Output betad band

Load Graph/ || Run || Close || Help |

1 Load

e

%C!ear [ [ZNote [ @Help I DRun ‘

save as e.g. Cal_TC.xml
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Spatial subset — batch processing

File Graphs

File Graphs
f I/O Parameters f I/O Parameters Calibration [ Terrain-Correction
File Name Type Acquisition Track Orbit gk File Name 7ype Acquisition Track Orbit o=

S1B_IW_GRDH_15DV _20.. S1B_IW_GRDH_1SDV_20...

S1B_IW_GRDH_1SDV_20... S1B_IW_GRDH_1SDV 20...

S1B_IW_GRDH_15DV_20... — S1B_IW_GRDH_15DV_20... —

S1B_IW_GRDH_15DV _20.. S1B_IW_GRDH_1SDV_20...

S1B_IW_GRDH_15DV _20... ? S1B_IW_GRDH_1SDV_20... ?
L] L
= (=7
® b

5 Products 5 Products

Target Folder Target Folder

Save as: [BEAM-DIMAP v Save as: [BEAM-DIMAP v
Directory: Directory:
[/application/workdir/LTCZOlS/subset small |l:] |/app|ication/pi/Desktop/subset H:]
[] Skip existing target files Keep source product name [] skip existing target files Keep source product name
/ ‘ Load Graph | Run || Close H Help | Load Graph I Run I Close H Help |

red

Open previously saved graph Cal_TC.xml
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Creating multitemporal stack Q\:

)

=]

Radar | Tools Window Help Wit 1-ProductSet-Reader | 2-CreateStack | 3-Write |
PERT Orbit File e File Name Type Acquisition Track orbit = :::‘::-mmg e S’Vf’;:f,GRDH,ISDV,Z01EDSOQT1749107201a03a9T1149357&:0995670120Arﬁc5vs
Radiometric » = & | 4 L2 LL—] l@ - Initial Offset Method Broduct Geslocation =
_ i — _W_GRDA_15DV._ + Output Extents: Master \ =

Coregistration b| Coregistration [11'5lgmac S1B_IW_GRDH_1SDV_201 -

Interferometric »| S1 TOPS Coregistration » F

Polarimetric »| DEM-Assisted Coregistration ?

Geometric l Stack Tools »

Sentinel-1 TOPS »| Cross InSAR resampling Stack Averaging &

ENVISAT ASAR » Stack Split 3

SAR Applications »

SAR Utilities » k4

SAR Wizards » o

Complex to Detected GR

Multilooking %\;

/ 5 Products

. &)

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

Target Product

* Product geolocation (if terrain

51B_IW_GRDH_1SDY_201803097174910_20180309T174835_009958_DL20AF_4CB8_Stack ( Orre( ted)
Save as: [BEAM-DIMAP B2

i — = « Orbits (not terrain corrected)

Help
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Multitemporal speckle filtering

Radar |fTools Window Help
| 18

A © 1@ e |

Single Product Speckle Filter

Apply Orbit File
Radiometric

Speckle Filtering I
|

Coregistration

mporal Speckle Filter

Interferometric
Polarimetric

Geometric

Sentinel-1 TOPS
ENVISAT ASAR

SAR Applications

SAR Utilities

SAR Wizards

Complex to Detected GR
Multilooking

v vy vwvwvvwvws wlwv

File Help

l’uo Parameters rProcessing Parameters |

Source Product
source:

| [1] Stack

£

Target Product

MName:

|Stack Spk

Save as: |BEAM-DIMAP ]
Directory:

|r’appIicationfpiIDesktopfsubset

Open in SNAP
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File Help

[ /O Parameters [ Processing Parameters |

Sigma0_VH_mst_09Mar2018
Sigma0_W_mst_09Mar2018
Sigma0_VH_slvl_02Apr2018
Sigma0_W_slv2_02Apr2018
Sigma0_VH_slv3_08May2018
Sigma0_W_slv4_08May2018
Sigma0_VH_slv5_01jun2018
Sigma0_WV_shv6_01jun2018

Source Bands:

Filter: Gamma Map
Filter Size X (odd number): [z
Filter Size Y (odd number): [3

Estimate Equivalent Number of Looks

Number of Looks:

< Il I

eSa
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Multitemporal speckle ﬂlterlng
] i

Flle Edit View Analysis Layer Vector Raster Optlcal Radar Tools Wlndow Help Q-
= nog
afg HE|lJdd Pl AU OBKEET)DEIG B Ewm v v
Product Explorer X | Pixel Info = ' [1] Sigma0_VH_mst_05Mar2018 x| ETE2] =] [ B 121 Sigma0_VH_mst_09Mar2018 x| [«]>] y
- - - b a

o~ & [1] Stack
¢ = [2] Stack_Spk
o~ (3 Metadata
o~ (@3 Vector Data
¢ &3 Bands
[ sigma0_VH_mst_09Mar2018
B sigma0_vv_mst_09Mar2018
B siomao_vH_sivl_02Apr2018
B sigma0_vv_siv2_02Apr2018
B sioma0_VvH_slv3_08May2018
B sigmao_wv_siv4_08May2018
' Sigma0_VH_slv5_01Jun2018
B sigmao_wv_slve_01jun2018
B sigmao_VH_siv7_07jul2018
B sigmao_wv_sivg_07jul2018

| sobeURy Jake [ ‘ [

Navi... X|Colour ... |Uncert... |WorldV...

| 1sbeuRp yseW u.] | ‘

0= HO
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Conversion from linear to dB

0

s

eSa

(

/

]

File Edit View Analysis Layer Vectfr

Product Explorer X | Pixel Info

v‘ﬁ % B @ - B

Raster| Opfcal Radar Tools Window Help

Aer l @B w £ T D25 2

1] Sigma0_VH_mst_09Mar2018 x‘

¢ & [1] Stack

o (E3 Metadata

o 3 Vector Data

¢ &3 Bands
B sigmao_VH_mst_09Mar2018
B sigmao_w_mst_09Mar201
B sigmao_vH_sivl_02Apr201
B sigmao_w_siv2_02Apr2018
B sigmao_VH_slv3_08May2018!
B sigmao_w_siv4_08May2018

Geo-Coding Displacement Bands...
Subset...

Geometric Operations

DEM Tools

Masks

q Data Conversion Convert Datatype

Classification
Segmentation

v v vz wvvvw

Export

‘ Sigma0_VH_slv5_01jun2018
B sigmao_w_slv6_01jun2013
B sigmao_VvH_si7_07jul2018
B sigmao_w_slva_07jul2018

Navigation - ... | Colour Manip...

e

» Birmingham

Off Globe

Uncertainty Vi...

Band Select
Set No-Data Value

World View & X| B 3 3
%

Zoom --

“meiqgi uripéaa (

\'Ja‘ﬁeuéw‘ﬂse‘w Uﬂ | ‘ i}v‘méeu‘éw Jake [TH! ‘

Level -
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Conversion from linear to dB

Histogram for Sigma0_VH_mst_09Mar2018

File Help File Help

22,500,000
r IIO P 2 s Y 20,000,000
arameters r Processing Parameters | ( I/O Parameters ] Processing Parameters | "
.g 17,500,000
Santce Broduct Source Bands: [Sigma0_VH_mst_09Mar2018 £ 15,000,000
Source: Sigma0_VWW_mst_09Mar2018 E 12,500,000
|[21 Stack Spk | = H:l Sigma0_VH_slvl_02Apr2018 £ 10,000,000
Sigma0_WV_slv2_02Apr2018 2 7500000
Sigma0_VH_slv3_08May2018 £ 5000000
Target Product Sigma0_W._slv4_08May2018 5t 66
Name: Sigma0_VH_slv5_01Jun2018 o
i 0.0 2.5 5.0 ¥ s 10.0 L35 15.0 7.5
|Stack Spk _dB S!gmaO_W_sIVG_Oljun2018 Sigma0_VH_mst_09Mar2018 in intensity
Sigma0_VH_slv7_07Jul2018
Save as: |BEAM-DIMAP v Sigma0_WV_slvs_07Jul2018
Directory:
Japplication/pi/Desktop/subset
Vapp B = [ Histogram for Sigma0_VH_mst_09Mar2018_db
Open in SNAP 300,000
275,000
% 250,000
E 225,000
‘2. 200,000
< 175,000
3 150,000
§ 125,000
gr 100,000
@
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Linear vs dB comparison
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RGB Composite

(' 131 Sigma0_VH_mst_09Mar2015_db x|’ [l [31RGB x

2 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING

10-14 September 2018 | University of Leicester | United Kingdom



=
17

Stack averaging

I Radar| ools Window Help

®
"
o)

— T

Apply Orbit File T

Radiometric » #’l |L| @ I& M File Help

Speckle Filtering » = — —

Coregistration I »| Coregistration ( I/O Parameters [ Processing Parameters I
1 Interferometric »| S1 TOPS Coregistration »

Polarimetric »| DEM-Assisted Coregistration » Statistic: [Mean Average Mot

Geometric »|Stack Tools b| Create Stack |Mean Average

Sentinel-1 TOPS »| Cross InSAR resampling Gk Averaaing) Pt

ENVISAT ASAR » Stack Split sy

SAR Applications » Stan(‘ilard DeVIathn x

Coefficient of Variation

SAR Utilities »

SAR Wizards »

Complex to Detected GR

Multilooking

Run Close

2 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING

10-14 September 2018 | University of Leicester | United Kingdom




Stack averaging - RGB Composite &gesa
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Time series analysis
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