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Aim of the tutorial: is to generate Radiometrically Terrain Corrected (RTC) Images
from Sentinel-1 GRD products

Plan for today:
SAR data processing with Snap :
i.  Single-date processing

* Generating a Radiometrically Terrain Corrected (RTC) Image

ii. Multi-temp processing

* Generating a Radiometrically Terrain Corrected (RTC) Image for a
multi-temporal data set

* Time series analysis of multi-temp dataset
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of a
single acquisition

1.
2.
3.
4.
5.
6.
7.
0.

N =
w N B O

Open data in SNAP- Display the data

Interpret the data (metadata, pixelinfo, image navigation tools etc.)
Take subset & apply orbit file

Apply radiometric calibration

Flatten terrain

Multi-Looking

Create Elevation Band (SRTM)

Range-Doppler Terrain Correction, Input: ML dataset

. Convert gamma0 images from linear to dB
. Compute difference image from gammaO [dB]: VV — VH
. Display data as RGB view

. Statistical analyses: Scatterplots, Histogram Analysis, Profile Plot etc.
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* Start SNAP by double-clicking the icon

* S1 Products can be opened directly from a zip

& Open Product...
Reopen Product

[Q~ search (ctl+)

09=S5% L wlde@

ESGRELETBR LN QAN TEY@ER 2 N2

4y | Product Library I ] =
=
=
&
z
=
&
. 3
Import SAR data using the g
menu or... =
Session » =
Projects > E
Import » DEM » ;
Export 4 Generic Formats » %
3
Exit Optical Sensors  » e
SAR Formats >
SAR Sensors > ALOS PALSAR CEOS :
Vector Data 4 ALOS 2 CEOS g_
Cosmo-Skymed Z:
5
ENVISAT ASAR %
ERS1/2 CEOS
ERS1/2 SAR (.E1, .E2)
JERS CEOS
| Navigation - [2]RGB | Time Series | Colour RADARSAT-1 CEOS certainty Visualisati =
7 RADARSAT-2
SeaSat
SENTINEL-1
TerraSAR-X
TanDEM-X
L 2000 Km |
Off Globe
<)
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Open the S1 data

in the folder Single Image Analysis > input

au] S1A IW GRDH 15DV _20170103T164227_20170103T164252 014670 017DCE ALFE - [/shared/Forestry/Single image analysis/input/S1A IW_GRDH _1SDV_20170103T164227 20170103T164252 014670 017DCE A1FE.zip]-£ & . O
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q-

: | g0 Nl # 3 3 '

L= | % A ] @ I | ol ‘:. = :T\/J oA Al @ [JQ_ w # X i Drag & Dro e v A A R
» . | g P |

Product Explorer X | Pixel Info | ’E inp J m %

o 1] S1A_IW_GRDH_1SDV_20170103T164227_20170103T164252 0146 ol

@ [11 514 W_GROH_150V_ - 91461 Hie Edit View Go Help P g

c

Q» Leg Q ‘{E/sﬁargglForestryISingle imfgeﬁanalysirsrliy / - - ) S’afl ,é

f— o

Name v Size Type o

DEVICES I 2]

% S1A_IW_GRDH_1SDV_20170103T164227 20170103T164252_014670_017DCE . 1.0 GB Zip archive

L] File System
PLACES

‘ rus

B Desktop

@ Trash

@ shared
NETWORK

Time ‘@' Browse Network

[¢

“S1A_IW_GRDH_1SDV_20170103T164227_20170103T164252_014670_017DCE_A1FE.zip" (1.0 GB) Zip archive P

|open a band and add products with settings.|

"~
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m [1] Amplitude \ H - S1A_IW_GRDH_1SDV_20170103T164227_20170103T164252_014670_017DCE_A1FE - /shared/Forestry/Single image analyslsllnputlslA_IW_GRDH_lsDV_20170103T164227_20170103T164252_014670_017Dm

Double click on the band to display

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

Q-

a® ve fhd Pl A UO®MWIE T BT - R

Product Explorer X | Pizel Info

¢ & n S1A_IW_GRDHI 1SDV_20170103T164227_20170103T164252_014670_017DCE_ALFE

o () Metadata

o (3 Vector Data

o (@ Tie-Point Gridl}

o (@ Quicklooks

¢ & Bands
B Amplitude_vH
B ntensity VH
B Amplitude_wW
m Intensity_W

Navigation - [... | Colour Manip... |Uncertainty Vi... | World View

R o @ A °

cP
+

NV R 9

= - B ] Amplitude VH x
e

| Time Series X| [

=
3

"~
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of a
single acquisition

1.
2.
3.
4.
5.
6.
7.
0.

N =
w N - O

Open data in SNAP- Display the data

Interpret the data (metadata, pixelinfo, image navigation tools etc.)
Take subset & apply orbit file

Apply radiometric calibration

Flatten terrain

Multi-Looking

Create Elevation Band (SRTM)

Range-Doppler Terrain Correction, Input: ML dataset

. Convert gammaO images from linear to dB
. Compute difference image from gammaO [dB]: VV — VH
. Display data as RGB view

. Statistical analyses: Scatterplots, Histogram Analysis, Profile Plot etc.
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Interpret data

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

Search (Ctl+1)

aBineil

A UORIw £ T D

2B XTI re ANV ESE®

NiPpa L MEHEHDO

[Product Explorer % lixelinfo | B [2) Ampitude_vH 52| [ [2) Dual Pol Ratio Intensity W+VHRGB 3| [2] Original_Product_Metadata 3| [2] Abstracted_Metadata | [2) Processing_Graph | [ history | [2] Abstracted Metadata (2) | HEE g
B8 (2] 5 1A_1W_GRDH_1SDV_20170103T164227_20170103T164252_014670_017DCE_AIFE Name Value Type Unit Desription >
@@ Metadata Orbit_State_Vectors < &
- Abstracted_Metadata =
) Original_Product_Metadata SHERAEZESE s
€ Processing_Graph Doppler_Centroid_Coefficients =
@ history Band_IW_VH =
33 vector Data Band_IW_W ?
B Amplitude_vH PRODUCT_TYPE GRD ascii Product type g
[ Intensity_VH SPH_DESCRIPTOR Sentinel-11W Level-1 GRD Product ascii Description |
@ Ampitude_v MISSION SENTINEL-1A ascii Satellite mission
lﬁ L:aas[ks"“e"s‘”—w ACQUISITION_MODE w asdi Acquisition mode iz
antenna_pointing right ascii Right o left facing 3
BEAMS - ascii Beams used %
SWATH - ascii Swath name E é
PROC_TIME 03-JAN-2017 18:12:40.495424 uint32 utc Processed time h
Processing_system_identifier ESA Sentinel-1 IPF 002.72 ascii Processing system identifier
orbit_cyde 98 int32 Cyde
REL_ORBIT 73 int32 Track
ABS_ORBIT 14670 int32 Orbit
STATE_VECTOR _TIME 03-JAN-2017 16:41:18.916021 uint32 utc Time of orbit state vector
VECTOR_SOURCE - ascii State vector source
incidence _near 30.321501549531447 float64 deg
incidence_far 46.241142922850395 float4 deg
slice_num 12 int32 Slice number
data_take_id 97742 int32 Data take identifier
first_line_time 03-JAN-2017 16:42:39.675737 uint32 utc First zero doppler azimuth time 1]
last_line_time 03-JAN-2017 16:42:48.567257 uint32 utc Last zero doppler azimuth time
World View % | Time Series first_near_lat 47.97123425367955 floate4 deg
DStTava first_near_long 16.96502098766805 floats4 deg
first_far_lat 48.04479834917332 floats4 deg
first_far_long 17.602533324404394 floats4 deg
last_near_lat 48.50305414348575 floats4 deg
last_near_long 16.81592874334678 floats4 deg
last_far_lat 48.57669892952515 floats4 deg
last_far_long 17.460112385945408 floats4 deg
PASS ASCENDING asdi ASCENDING or DESCENDING
SAMPLE_TYPE DETECTED ascii DETECTED or COMPLEX
mds1_tx_rx_polar VH ascii Polarization
mds2_tx_rx_polar w ascil Polarization
mds3_tx_rx_polar - asdi Polarization
mds4_tx_rx_polar - asdi Polarization
polsar_data 0 uint8 flag Polarimetric Matrix
algorithm - asdi Processing algorithm
azimuth_looks 1.0 floate4
range_looks 5.0 floate4
range_spacing 10.0 floats4 m Range sample spacing
Offciobe azimuth soacina 10.0 floats4 m Azimuth samole spacing v
- Lt —lon - Zoom — Level @14
8
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¢ Optical Radar Tools V

ot Al @ I8 lw

Product Explorer  Pixel Info ¢

fmagey [
Longitude 1

Latitude

[7] Snap to selected pin

Olombuc

S2ékesteh&rvar

ISt hem e
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of a
single acquisition

1.
2.
3.
4.
5.
6.
7.
0.

N =
w N - O

Open data in SNAP- Display the data

Interpret the data (metadata, pixelinfo, image navigation tools etc.)
Take subset & apply orbit file

Apply radiometric calibration

Flatten terrain

Multi-Looking

Create Elevation Band (SRTM)

Range-Doppler Terrain Correction, Input: ML dataset

. Convert gamma0 images from linear to dB
. Compute difference image from gammaO [dB]: VV — VH
. Display data as RGB view

. Statistical analyses: Scatterplots, Histogram Analysis, Profile Plot etc.

ESA PECS SAR Remote Sensing Course, September 2018, Slovakia — Snap Tutorial —




Take subset

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

[Q~ search (ctri+)

a% i@

Product Explorer 3 |
=& [1] S1A_IW_GRDH_1SDV_2017010;
630 Metadata
#-@3 Vector Data
-3 Tie-Point Grids
-3 Quicklooks
=-&3 Bands
v Amplitude_VH
[ Intensity_VH
[ Amplitude_vv
[ Intensity_w

Band Maths...
Filtered Band...

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

Geometric Operations

DEM Tools

Masks

Data Conversion

Image Analysis

Classification

Segmentation

Export

pEace XEmroa s\ VEoOR =

B (1] Amplitude_VH %

Specify Product Subset

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

Pixel Coordinates | Geo Coordinates |_

Morth latitude bound

West longitude bound:
South latitude bound: 48.453
East longitude bound: [ |

Visu... | World View

Time Series

Scene step X: l'—'
Scene step Y. [ l'—'
Subset scene width 5145.0
Subset scene height 4595.0
Source scene width 26516
Source scene height: 16675

|| Fixt full width
|| Fix full height

Use Preview
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Apply precise orbit files

—
E [2] Amplitude_VH - Step3_subset_S1A_IW_GRDH_20170103_ALFE - /shared/2018-09_ESA PECS/Forestry/Single image analyslHlnputfsteps_subset_sm_

File Edit Yiew Analysis

Layer “ector Raster

%

|_~E.( .\rgJ

all: b

Optical

Radar|IooIs Window Help

Product Explorer X | Pixel Info

o & [1] 51A IW_GRDH_1SDV_20170103T164227 20170103

¢ & [2] Step3_subset S1A_IW_GRDH_20170103_A1FE

[ E:] Metadata
o~ (B3 Vector Data
o [E3 Tie-Point Grids

Apply Orbit File
Radiometric
Speckle Filtering
Coregistration
Interferometric
Polarimetric
Geometric
Sentinel-1 TOPS

Help

v T T T W OWw W OWw W

- @@ [2) Amplitude_VH x|

U N IV i

15

4 ¢i=lio]

y O Parameters |/ Processing Parameters

purce Product

aurce;

2] Step3_subset_S1A_IW_GRDH_20170103_ALFE

¢ &8 Bands ENVISAT ASAR
ﬁ Amplitude VH SAR Applications
B intensity_vH SAR Utilities
B amplitude_wv SAR Wizards
B intensity w Complex te Detected GR
Multilooking
4] i
Navigation - [2] ... |Colour Manip... X |Uncertainty Visu... | World View

Editor: {_) Basic (® Sliders () Table

0T

A More Options

Z1°SL

Name: Amplitude_VH
Unit: amplitude

Min: 13.0

Max: 1445.0

Rough statistics!

Target Product
Name:

|Step4 subset S1A W GRDH 20170103 A1FE Orb

[ Save as |BEAM -DIMAP

-
J

Directory:

fhome/rus/shared/2018-09_ESA PECS/Forestry/Single image analysis/output

[¥] Open in SNAP

Jabeuely JaAeT Im

Jabeuel YsSEW q}]
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Apply precise orbit files

. @ Apply Orbit File
File Help

|/l.l'0 Parameters Iﬁ'mcusslnu Parameters |

Orbit State Vectors: |5entine| Precise (Auto Download) |v|

Polynomial Degree: |3 |

|_] Do not fail if new orbit file is not found

Run Close
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of a
single acquisition

1.
2.
3.
4.
5.
6.
7.
0.

N =
w N - O

Open data in SNAP- Display the data

Interpret the data (metadata, pixelinfo, image navigation tools etc.)
Take subset & apply orbit file

Apply radiometric calibration

Flatten terrain

Multi-Looking

Create Elevation Band (SRTM)

Range-Doppler Terrain Correction, Input: ML dataset

. Convert gamma0 images from linear to dB
. Compute difference image from gammaO [dB]: VV — VH
. Display data as RGB view

. Statistical analyses: Scatterplots, Histogram Analysis, Profile Plot etc.
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Radiometric Calibration

Why?

Aim: Pixel values that are directly related to radar backscatter.

Level 1 product usually suffer from a certain radiometric bias.

Radiometric calibration enables comparison of SAR images acquired with different
sensors, or acquired from the same sensor but at different times, in different modes,
or processed by different processors.

(SNAP Help: Calibration Operator)
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Radiometric Calibration

» the backscatter coefficient provides a backscatter ratio
estimate per given reference area. There are 3
conventional reference area:

. Beta?®: in the slant range plane (radar brightness)
. Sigma? : ground area, that is locally tangent to an ellipsoidal model
of the ground surface

. Gamma’: defined in the plane perpendicular to the LOS from sensor
to ellipsoidal model of the ground surface

sy,
Tt
,,,,,,,

T

Fig. 2. Normalization areas for SAR backscatter.

*  Small, David; 2011. ‘Flattening Gamma: Radiometric Terrain Correction for SAR imagery’. IEEE Transactions on Geoscience
and Remote Sensing, vol:49,no: 8, August, 2011
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Radiometric calibration

E [3] Step4_backup_subset S1A IW_GRDH_20170103_A1FE_Orb - [/shared/2018-09 ESA PECS/Forestry/Single image analysis/output backup/Stepd backup

File Edit View Analysis Layer Vector Raster Optical

}Ra'dajr“‘ Tools Window Help

Apply Orbit File

o celBl 55|

A lal 45 18 t. 1t

<<
<«
<«

ol

Product Explorer X [ Pixel Info ‘

o & [1] S1A IW_GRDH_1SDV 20170103T164227 20170103
o- @ [2) Step3_backup_subset_S1A_IW_GRDH_20170103_A
¢ & [3] Stepd_backup_subset S1A_IW_GRDH_20170103 Al

o @ Metadata

o @ Vector Data

o~ (3 Tie-Point Grids

o- (@ Bands

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

Complex to Detected GR

Multilooking

<<

» Calibrate
»| Radiometric Terrain Flattening

»| Remove Antenna Pattern
»| S-1 Thermal Noise Removal
» vert nal to Betal

Convert Sig
Create Calibration LUT TPG
P File Help

mal to Gammea

Calibration

Jabeuely 1a4e [m

1" I/O Parameters | Processing Parameters

Source Product
source:
[[ 3) Stepd_backup_subset S1A_IW_GRDH_20170103_A1lFE_Orb l v ‘i

[d] i

{Jabeue ysew By

Navigation - [3] | Colour Manip X | Uncertainty Visu..

Editor: () Basic @ Sliders () Table

World View

Name: Amplitude_VH
Unit: amplitude

Min: 13

Max; 1445.0
Rough statistics!

0

(18 24
e
50°0S1

~

A More Options

EY RS
g

EERE -

Target Product
Name:
[Steps backup subset S1A IW GRDH 20170103 AIFE Orb Cal

BEAM-DIMAP v

[v] Save as

T 1

J

Directory:
red/2018-09_ESA PECS/Forestry/Single image analysis/output|| ...

[v] Open in SNAP

$P 20

Zoom - Level --

@
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Radiometric calibration

- @ Calibration + O X
File Help
[ /O Parameters Processing Parameters
Polarisations; WH
W
[] Saeea5 compresgquiput
[_] output sigma0 band
[ | Output gamma0l band
Output betad band
Bun l Close ]
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of a
single acquisition

1.
2.
3.
4.
5.
6.
7.
0.

N =
w N - O

Open data in SNAP- Display the data

Interpret the data (metadata, pixelinfo, image navigation tools etc.)
Take subset & apply orbit file

Apply radiometric calibration

Flatten terrain

Multi-Looking

Create Elevation Band (SRTM)

Range-Doppler Terrain Correction, Input: ML dataset

. Convert gamma0 images from linear to dB
. Compute difference image from gammaO [dB]: VV — VH
. Display data as RGB view

. Statistical analyses: Scatterplots, Histogram Analysis, Profile Plot etc.
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Radiometric Terrain Flattening

Terrain variations affect not only the position of a target on the Earth's surface, but also
the brightness of the radar return.

Radiometrically “flatten” the image = reducing terrain induced radiometric variations

“Terrain flattening operator in Snap removes the radiometric variability associated with

topography using the terrain flattening method proposed by Small [2011] while leaving the
radiometric variability associated with land cover.”

(SNAP Help: Terrain Flattening Operator)
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Radiometric Terrain Flattening

—
m [4] Step5_backup_subset S1A IW_GRDH_20170103_A1FE_Orb_Cal - [/shared/2018-09_ESA PECS/Forestry/Single image analysis/output_backup/Step5 bac, &y . (sl >3 |

File Edit View Analysis Layer Vector Raster Optical
e Il - .

Tools Window Help

4 & d

Apply Orbit File

‘qlnlﬁ-\lnh

Calibrate

T

Remove Antenna Pattern
S-1 Thermal Noise Removal

nvert ymal to Betal

rt Sigma0l to Gamma0l

Create Calibration LUT TPG

onv

v v
v v

<
<«

“File Help

Radiometric Terrain Flattening

source:

/O Barametera [ Processing Parameters

Source Product

Radiometric »
Speckle Filterin »
Product Explorer X f Pixel Info ‘ 2 3
- Coregistration »
o a [1] S1A_ IW_GRDH_1SDV_20170103T164227_20170103 "
s il 7 T = Interferometric »
o~ @ (2] Step3_backup_subset_S1A_IW_GRDH_20170103_A et .
o- & (3] Step4_backup_subset S1A_IW_GRDH_20170103_A] ' oo e
o & [4] Steps_backup_subset S1A |W_GRDH 20170103 A] CS°Metric '
Sentinel-1 TOPS »
ENVISAT ASAR »
SAR Applications »
SAR Utilities »
SAR Wizards »
Complex to Detected GR
Multilooking
[« I Dl
Navigation - [3] .. | colour Manip X | Uncertainty Visu... | World View

Editor: () Basic @ Sliders () Table

Bo
@ o

Name: Amplitude_VH
Unit: amplitude

Min: 13.0

Max: 1445.0

Rough statistics!

b
'S
=]
=1
xR

4

@ PLr]
527

(18 24
Iree
S0°0S1

A

A More Options

[14] Steps_backup_subset_S1A_W_GRDH_20170103_ALFE_O leD

Target Product
Name:

‘StepG backup subset S1A IW GRDH 20170103 A1FE Orb Cal TF |

V] Save as: [BEAM-DIMAP

=]

Directory:

red/2018-09_ESA PECS/Forestry/Single image analysisloutput}

[v] Open in SNAP
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Radiometric Terrain Flattening

o Radiometric Terrain Flattening M

File Help

(/O Parameters | Processing Parameters |

Source Bands: Betal VH
Betal W . .
— This process transforms BetaO into GammaO
Digital Elevation Model: |spTM 15ec HGT (Auto Download) -
DEM Resampling Method: |g|cugic_INTERPOLATION v

[w] Re-grid methad

Run Close Fig. 2. Normalization areas for SAR backscatter.
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of a
single acquisition

1.
2.
3.
4.
5.
6.
7.
0.

N =
w N - O

Open data in SNAP- Display the data

Interpret the data (metadata, pixelinfo, image navigation tools etc.)
Take subset & apply orbit file

Apply radiometric calibration

Flatten terrain

Multi-Looking

Create Elevation Band (SRTM)

Range-Doppler Terrain Correction, Input: ML dataset

. Convert gamma0 images from linear to dB
. Compute difference image from gammaO [dB]: VV — VH
. Display data as RGB view

. Statistical analyses: Scatterplots, Histogram Analysis, Profile Plot etc.
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What is multi-looking?

« Spatial averaging over multiple range/azimuth resolution cells

Why?
«  Speckle reduction

* Creation of squared pixels (for Single-Look-Complex (SLC) images, the pixels are already
square in the Ground Range Detected (GRD) images)

How?
* Goal: Choose a appropriate number of looks in range and azimuth
* In general you will need:

» pixel spacing in azimuth

« pixel spacing in slant range

* look angle at scene center
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Multi-looking

E [3] Amplitude_VH - [Step4 backup_subset S1A IW_GRDH_20170103_AlFE Orb] - [/shared/2018-09_ESA PECS/Forestry/Single image analysis/output_back, ¢

File Edit View Analysis Layer Vector Raster Optical | Radar| Tools Window Help Q-
‘ - Apply Orbit File ‘ ;
A & v v v v o
5 ‘1 ‘b lul‘ Radiometric » ?’l m @ ‘& & I""_' Z : %) % n >4 = ~ 5 -
Speckle Filterin | '
Product Explorer X \Vr-fjxgl Info R g [ (31 Amplitude_VH x| =
. — Coregistration » =
o & [1] S1A IW_GRDH_1SDV_20170103T164227_20170103 i ; e =
e ¥ = = = | Interferometric » MR SR @
o- @ [2) Step3_backup_subset_S1A IW_GRDH_20170103_A} Satans R’ ; a
o @ (3] Steps_backup_subset_S1A_IW_GRDH_20170103_Af ' o o et z
o @ [4] StepS_backup_subset S1A_IW_GRDH_20170103 A] SSometric ’ 2
3~ inel- q a
o @ [5] Step6_backup_subset S1A_IW_GRDH_20170103_A| Sentinel-1 TOPS > Multilooking 8
ENVISAT ASAR »
File Help
SAR Applications » —
BAR Nt : § (VO Parameters | Processing Parameters. &
SAR Wizards » - i R z
Complex to Detected GR EICE SHECUC =
source:
| Multilooking , ) x
|[5] Step6_backup_subset_S1A_IW_GRDH_20170103_A1FE_Orb_,.. iv‘ i | E,
[ w [T 3
Navigation - [3] | Colour Manip... X |Uncertainty Visu... | World View =l Target Product
Name:
itor: O Basic @ Sliders O
Silter: L) Saic. @) Siecs. ) Talie ) ) Step7_backup_subset S1A_IW_GRDH_20170103_ALFE_Orb_Cal_TF ML
Name: Amplitude_VH ﬁ &) [v] Save as: [BEAM-D!MAP v
Unit: amplitude 95% 100%
Min: 13.0 5353 Directory:
Max; 1445.0 { 'shared/2018-09_ESA PECS/Forestry/Single image analysis/outp
! Rough statistics! Q ®\; [ = >0 2 Y
Q Q lv] Open in SNAP
Logyy 55
N 0
BiEae
w N O
w
X More Options @
| X —-Y = ’ Lat - Lon o ’ Zoom - Level - @2
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Multi-looking

@. Multilooking 0O x
File Help
| I/O Parameters Processing Parameters
Source Bands: Gammal VH
Gamma0_W
[¥] GR Square Pixel [ lindependent Looks
Number of Range Looks/ |5
Number of Azimuth Looks: 5
Mean GR Square Pixel: 50.0
Output Intensiby
Mote: Detection for complex data
is done without resampling.
Bun Close
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of a
single acquisition

1.
2.
3.
4.
5.
6.
7.
0.

N =
w N - O

Open data in SNAP- Display the data

Interpret the data (metadata, pixelinfo, image navigation tools etc.)
Take subset & apply orbit file

Apply radiometric calibration

Flatten terrain

Multi-Looking

Create Elevation Band (SRTM)

Range-Doppler Terrain Correction, Input: ML dataset

. Convert gamma0 images from linear to dB
. Compute difference image from gammaO [dB]: VV — VH
. Display data as RGB view

. Statistical analyses: Scatterplots, Histogram Analysis, Profile Plot etc.
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Create elevation band (SRTM)

—
a [6] Step7_backup_subset S1A IW _GRDH_ 20170103 AlFE Orb_Cal TF_ML - [/shared/2018-09_ESA PECS/Forestry/Single image anaIysls/t:mtpt.li:/Ste;:ﬂ__l:ac:kr

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

5 o |
a % bﬁ'/ (:QJ }\ tl 65

Product Explorer X | Pixel Info
o @ [1] S1IA_IW_GRDH_1SDV_. 20170103T
o- @ [2] Step3_backup_subset S1A_IW_G
o- & [3] Step4_backup_subset_S1A_IW_G
o- & [4] StepS_backup_subset_S1A_IW_G

Band Maths..

opaqg Inc
Geo- Codlng D|sp|acement Bands..
Subset
Geometric Operations

7DCE_

2 oa

W& Rl x| D5

<
<«
£

<<

=l @@ (3] Amplitude_VH x‘

o @ [5] Steps_backup_subset S1A_|W_GIDEM T00IS

o & [6] Step7_backup_subset S1A_IW_G Masks
Data Conversion

Image Analysis
Classification
Segmentation
Export

["Add Elevation Band Ctri-E

Fill DEM Hole

|« i

Navigation - [3] | colour Manip X | Uncertainty Visu... | World View

Editor: () Basic @ Sliders () Table

Name: Amplitude_VH
Unit: amplitude

Min: 13.0

Max: 1445.0

Rough statistics!

4

(18 24
Zree
S0°0St

X More Options

@ PRALPV

@@ o

IO Ol

Add Elevation Band

Digital elevation model (DEM):

ACE2_5Min (Auto Download)
ACE30 (Auto Download)

ASTER 1sec GDEM

CDEM (Auto Download)
GETASSE30 (Auto Download)
SRTM 1Sec Grid

SRTM 1Sec HGT (Auto Download)

SRTM 3Sec (Auto Download)

Resampling method:

BILINEAR_INTERPOLATION

Elevation band name: |elevation
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Create elevation band (SRTM)

—
m [6] elevation - Step7 backup_subset S1A IW GRDH_20170103 A1FE Orb_Cal TF_ML - /shared/2018-09_ESA PECS/Forestry/Single image analysis/outpu

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q-
] M4 ‘ = : S el e # : v iy v
ﬁ % L-n;]/ Q:d ‘J"l tb Lj' . C \ P2 1/“’ Q,k w @ I-Q ]&'. ]L. Z 3 %) % ‘x}‘v' v M
i f |
Prgﬂgct Explorer XJ Pixel Info al | ! [3] Amplitude VH x . (6] elevation x| RIIRA =)=
o- & [1] S1A W_GRDH_1SDV_20170103T164227_20170103T164252 014670_017DCE_ - . =
o- i@ [2) Step3_backup_subset_S1A_IW_GRDH_20170103_AlFE ; =19 "rfg
o- & (3] Step4_backup_subset_S1A_IW_GRDH_20170103_A1FE_Orb \ °
o & [4] Step5S_backup_subset_S1A_IW_GRDH_20170103_A1FE_Orb_Cal =
o @ (5] Step6_backup_subset_S1A_IW_GRDH_20170103_A1FE_Orb_Cal_TF S
¢ & [6) Step7_backup_subset S1A IW_GRDH_20170103_A1FE_Orb_Cal_TF_ML
o @ Metadata ==
o @ Vector Data @
o (@ Tie-Point Grids z
¢ & Bands =
[ cammao_vH §
B _cemmraeyv o3
[d elevation 5]
[« Il [
Navigation - [g;i Colour Manip... X |Uncertainty Visu... | World View [=]
Editor: () Basic @ Sliders () Table @ ﬁ'
B3
Name: elevation e lle
Unit: meters it
Min: 154,078 1
Max: 780.502 ®\’ @\
- Rough statistics!
i g aa|
m‘—: A/ ooy 358
b "~ w = wn w =
R ~ @ = = 9 &y
Nne n 3 n -~ ® =]
wn w - - w w w
X More Options @
' X =Y = | Lat == Lon - Zoom -- Leve| - @2
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Do SAR simulation

m [6] Step7_backup_subset S1A IW_GRDH_20170103_A1FE_Orb_Cal TF_ML - [/shared/2018-09 _ESA PECS/Forestry/Single imag lysis/output/Step7_back

File Edit View Analysis Layer Vector Raster Optical Radar|IooIs Window

Product Explorer X | Pixel Info

2 ’ Apply Orbit File

Radiometric
Speckle Filtering

Coregistration

o= a [1] S1IA_IW_GRDH_1SDV_20170103T164227_20170103
o @ [2] Step3_backup_subset_S1A_IW_GRDH_20170103_A|
& (3] Step4_backup_subset_S1A_IW_GRDH_20170103_A
& [4) Step5_backup_subset_S1A_IW_GRDH_20170103_A}
@ (5] Step6_backup_subset_S1A_IW_GRDH_20170103_A]
& [6] Step7_backup_subset S1A IW_GRDH_20170103_A] ENVISAT ASAR

0 O

o (@ Metadata

o (@ Vector Data

o- @ Tie-Point Grids

¢ & Bands
B cammao_vH
. Gamma0_W
B elevation

Interferometric
| Polarimetric

Help

,?-lm@l&[f\_»lsﬁ): % 8 15 -

ol
, | B (31 Amplitude VH |

» RN )
» i

| Geometric
Sentinel-1 TOPS

SAR Applications

SAR Utilities

SAR Wizards

Complex to Detected GR
Multilooking

»| Terrain Correctiol
»| Ellipsoid Correction

»| SAR-Mosaic
P ALOS Deskewing
»
»

P ¥

[

Navigation - [3] | Colour Manip

Editor: () Basic

X | Uncertainty Visu... | World View

Sliders () Table

Name: Amplitude_VH
Unit: amplitude

Min: 13.0

Max: 1445.0

Rough statistics!

wal
5P 2]

s

A

(18 24
e
50°0S1

A More Options

BPv
@d o

@
&
b'S
3
a
23

Range-Doppler Terrain Correction
'SAR Simulation

Slant Range to Ground Range
Update Geo Refe

Simulate a SAR image

[ /O Parameters r Processing Parameters

Jabeuely JakeT m

Jabeuek JSeW Q‘J |

Source Product
source:

|[s] Step7_backup_subset_S1A_IW_GRDH_20170103_ALFE_Orb_Cal_TF_ML

Target Product
Name
|Step3 backup_subset_S1A_IW_GRDH_20170103_A1FE_Orb_Cal TF_ML_Sim

Save as: |BEAM-DIMAP =

Directory:

|u"home.u’rus]sharedQDlB—OS ESA PECS/Forestry/Single image analysis/outpu

[¥] Open in SNAP
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Do SAR simulation

@ Simulate a SAR image + 0O X
File Help
" |/O Parameters | Processing Parameters |
Source Bands: Gamman_VH
Gammal_Vv
elevation
Digital Elevation Model: SRTM 3Sec (Autoc Download) |‘,|
DEM Resampling Method: BICUBIC_INTERPOLATION -
[ | save Layover-Shadow Mask
Run Close
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of a
single acquisition

1.
2.
3.
4.
5.
6.
7.
9.

N =
w N - O

Open data in SNAP- Display the data

Interpret the data (metadata, pixelinfo, image navigation tools etc.)
Take subset & apply orbit file

Apply radiometric calibration

Flatten terrain

Multi-Looking

Create Elevation Band (SRTM)

Range-Doppler Terrain Correction, Input: ML dataset

. Convert gamma0 images from linear to dB
. Compute difference image from gammaO [dB]: VV — VH
. Display data as RGB view

. Statistical analyses: Scatterplots, Histogram Analysis, Profile Plot etc.
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Range-Doppler Terrain Correction

Due to topographical variations of a scene and the side looking geometry of the SAR
sensor, distances can be distorted in the radar images.

Terrain corrections are intended to compensate for these distortions so that the
geometric representation of the image will be as close as possible to the real world.

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

(SNAP Help: Range-Doppler Terrain Correction Operator)
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Range-Doppler Terrain Correction

[7] Step8_backup_subset S1A IW_GRDH_20170103 A1FE Orb_Cal TF_ML Sim - [/shared/2018-09_ESA PECS/Forestry/Single image y P

Raster Optical

Tools Window Help

/Step8_back

File Edit View Analysis Layer Vector
Apply Orbit File

w =
ol &* («L Radiometric

| Speckle Filtering
Coregistration
Interferometric
Polarimetric

Product Explorer X | Pixel Info
o- & [1] SLA_W_GRDH_1SDV_20170103T164227_20170103
o- @ (2] Step3_backup_subset_S1A_IW_GRDH_20170103_A
o~ & (3] Stepd_backup_subset_S1A_IW_GRDH_20170103_AL
o- & [4] StepS_backup_subset_S1A_|W_GRDH_20170103_A! z
o @ [5] Step6_backup_subset_S1A_IW_GRDH_20170103_a] Sentinel-1 TOPS
o & [6] Step7_backup_subset S1A_IW_GRDH_20170103_a] ENVISAT ASAR
¢ & [7] Step8_backup_subset S1A |W_GRDH_20170103_A] SAR Applications
o~ (3 Metadata SAR Utilities
o- (@ Vector Data SAR Wizards
o~ @ Tie-Point Grids
¢ & Bands

Multilooking

Complex to Detected GR

SN YL ENER .

_._[_7] Simulated_Intensity x

v v v v w

Ellipsoid Correction »
SAR-Mosaic

ALOS Deskewing

Slant Range to Ground Range
Update Geo Reference

Rifid

v v v w w s

Range Doppler Terrain Correction

[ simulated_intensity
. Gamma0_VH

M cammao_w

[ elevation

File Help

I/O Parameters | Processing Parameters |

Source Product
source:
[71 Steps_backup_subset_S1A_W_GROH_20170103_AIFE_Orb_Cal_TF_ML_Sim | v E]

Kl i ]

Navigation - (7] ... Jcolour Manip... X | Uncertainty Visu... | World View

Editor: () Basic @ Sliders () Table

Name: Simulated_Intensity
Unit: intensity

Min: 0.0

Max: 0.899

Rough statistics!

A More Options

= | | Target Product

Name:
]StepQ backup_subset S1A IW GRDH_ 20170103 _A1FE _Orb_Cal TF ML_Sim_TC

[¥] Save as: |[BEAM-DIMAP v

Directory:
[Ihome/ruslsharedlZOlB-Os ESA PECS/Forestry/Single image analysis/output J’E

Open in SNAP

Zoom — Level -

| sabeue Ja4e )

]Jabeuru Fsen By

@2
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Range-Doppler Terrain Correction

.

@ Range Doppler Terrain Correction w

File Help
| IO Parameters t Processing Parameters |
Source Bands: Gamma0_VH
Gamma0_W
elevation
Digital Elevation Model: |SRTM 3Sec (Auto Download) |vl
DEM Resampling Method: |B|LINEAR_INTERPOLATIOI‘\I |v|
Image Resampling Method: |B|LINEAR_INTERPOLA110N |vl
Source GR Pixel Spacings (az x rg): 50.0(m) x 50.0(m)
Pixel Spacing im): [50.0 |
Pixel Spacing (deg): 4.4915764205976077E-4 |
Map Projection: ‘ WGSB84(DD) I

Mask out areas without elevation [ | Output complex data
Output bands for;
Selected source band [] bEM [] Latitude & Longitude

[ ]Incidence angle from ellipsoid [ ] Local incidence angle [ | Projected local incidence angle
[v] Apply radiometric normalization|
[] save Sigma0 band | | ‘
[[] save Gamma0 band | | l

[] save Beta0 band

Auxiliary File (ASAR only): ‘ ‘ ‘

I Run ” Close ‘
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of a
single acquisition

1.
2.
3.
4.
5.
6.
7.
0.

S e e =
w N - O

Open data in SNAP- Display the data

Interpret the data (metadata, pixelinfo, image navigation tools etc.)
Take subset & apply orbit file

Apply radiometric calibration

Flatten terrain

Multi-Looking (5x5)

Create Elevation Band (SRTM)

Range-Doppler Terrain Correction, Input: ML dataset

. Convert gamma0 images from linear to dB
. Compute difference image from gammaO [dB]: VV — VH
. Display data as RGB view

. Statistical analyses: Scatterplots, Histogram Analysis, Profile Plot etc.
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Convert linear to dB

E‘ [8] subset 0 of S1A IW_GRDH_1SDV_20170103T164227 20170103T164252 014670 _017DCE_A1FE Orb_Cal TF_ML Sim _TC - [/shared/Forestry/Single image analysis/output/subset 0_of S1A IW_GRDH_1SDV_20170103T1642 ., . [s)

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

a8 B

Product Explorer X | Pixel Info

o & [1] S1A_IW_GRDH_1SDV_20170103T]
o- & [2] subset_0_of S1A_IW_GRDH_1SD\
o & [3] subset_0_of S1A_IW_GRDH_1SDY
& (4] subset_0_of S1A_IW_GRDH_1SD\
[5] subset_0_of S1A IW_GRDH_1SDY
(6] subset_0_of S1A_IW_GRDH_15py Masks

[7] subset_0_of S1A IW_GRDH_1SDY.Data Conversion
[8] subset_0_of S1A_IW_GRDH_1SD\ Image Analysis

o

o
D 0 0 a0 G

o (3 Metadata

o D Vector Data

¢ & Bands
' Gamma0_VH
B cammao_w
B elevation

Band Maths.

Geo-Coding Displacement Bands

Subset.
Geometric Operations
DEM Tools

PDCE_A1FE
R_014670_017DCE_ALFE

-

v v

P_014670_017DCE_ALFE

Classification
Segmentation
Export

» Convert Datatype

»| Converts bands to/from dB

b
b L
b

Navigation - [8] Gamma0_VH X | Colour Manipulation - [8] Gamma0 VH

779.49:1

Band Select
Set No-Data Value

R_014670_017DCE_A1FE_Orb
R_014670_017DCE_ALFE_Orb_Cal
_Orb_Cal_TF

al_TF_ML

Uncertainty Visualisation

World View

o OBl D

al_TF_ML_Sim
al_TF_ML_Sim_TC

Time Series

Qv
WAV Y

= td” [@ (2] Amplitude VH x| [ (4] Beta0_VH x| [ (8] Gamma0_VH x‘

B KT

TELRLPLP g
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Convert linear to dB

m [8] GammaO0_VH - Step9 backup_subset S1A IW_GRDH_20170103 A1FE Orb_Cal TF_ML _Sim_TC - /shared/2018-09_ESA PECS/Forestry/Single image analysis/output/Step9, ¢» (sl °¢

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
1 ) ol ‘b l! . O \ \ q"l IL, ‘@ M’i |i Z % %

Product Explorer X | Pixel Info =] [ (7] Simulated_Intensity x [ [ (8] Gamma0_VH x
o & [2] Step3_backup_subset S1A IW_GRDH_20170103_A1FE (2} S
o- & [3) Step4_backup_subset_S1A_|W_GRDH_20170103_A1FE_Orb

o~ & [4] Step5_backup_subset S1A_IW_GRDH_20170103_AlFE_Orb_Cal

8

o- & [5] Step6_backup_subset S1A IW_GRDH_20170103_AlFE_Orb_Cal_TF

o- @ [6] Step7_backup_subset_S1A_IW_GRDH_20170103_A1FE_Orb_Cal_TF_ML

o- & [7) Step8_backup_subset S1A_IW_GRDH_20170103_A1FE_Orb_Cal_TF_ML_Sim

¢ S (8] Step9_backup_subset S1A IW_GRDH_20170103_A1FE Orb_Cal TF_ML_Sim_TC

o- @) Metadata
o- (@ Vector Data

¢ & Bands
[ simulated_Intensity VH
B cammao_vH
B cammao_w
[ elevation_vH Propagate Uncertainty...
@ clevation Add Elevation Band
B Iatitude
@ longitude Band Maths...
[ localincidenceAngle I_Convert Band
u projectedLocalincidenceAngle Filtered Band
u incidenceAngleFromEllipsoid
[ Gammao_VH_db Linear toffrom dB
B} Gammao_wv_db Right c“ck

Navigation - [8] Ga... | Colour Manipulat... X |Uncerta _
Open Image Window

Editor: () Basic @ Sliders () Table Add Land Cover Band

Cut Ctrl
L o
g Delete Delete
:"ﬁ' Properties

A More Options
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Convert linear to dB

m [8] GammaO0_VH - Step9 backup_subset S1A IW_GRDH_20170103 A1FE Orb_Cal TF_ML _Sim_TC - /shared/2018-09_ESA PECS/Forestry/Single image analysis/output/Step9, ¢» (sl °¢

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
1 ) ol ‘b l! . O \ \ q"l IL, ‘@ M’i |i Z % %

Product Explorer X | Pixel Info =] [ (7] Simulated_Intensity x [ [ (8] Gamma0_VH x
o & [2] Step3_backup_subset S1A IW_GRDH_20170103_A1FE (2} S
o- & [3) Step4_backup_subset_S1A_|W_GRDH_20170103_A1FE_Orb

o~ & [4] Step5_backup_subset S1A_IW_GRDH_20170103_AlFE_Orb_Cal

8

o- & [5] Step6_backup_subset S1A IW_GRDH_20170103_AlFE_Orb_Cal_TF

o- @ [6] Step7_backup_subset_S1A_IW_GRDH_20170103_A1FE_Orb_Cal_TF_ML

o- & [7) Step8_backup_subset S1A_IW_GRDH_20170103_A1FE_Orb_Cal_TF_ML_Sim

¢ S (8] Step9_backup_subset S1A IW_GRDH_20170103_A1FE Orb_Cal TF_ML_Sim_TC

o- @) Metadata
o- (@ Vector Data

¢ & Bands
[ simulated_Intensity VH
B cammao_vH
B cammao_w
[ elevation_vH Propagate Uncertainty...
@ clevation Add Elevation Band
B Iatitude
@ longitude Band Maths...
[ localincidenceAngle I_Convert Band
u projectedLocalincidenceAngle Filtered Band
u incidenceAngleFromEllipsoid
[ Gammao_VH_db Linear toffrom dB
B} Gammao_wv_db Right c“ck

Navigation - [8] Ga... | Colour Manipulat... X |Uncerta _
Open Image Window

Editor: () Basic @ Sliders () Table Add Land Cover Band

Cut Ctrl
L o
g Delete Delete
:"ﬁ' Properties

A More Options
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of a
single acquisition

1.
2.
3.
4.
5.
6.
7.
0.

N
w N = O

Open data in SNAP- Display the data

Interpret the data (metadata, pixelinfo, image navigation tools etc.)
Take subset & apply orbit file

Apply radiometric calibration

Flatten terrain

Multi-Looking

Create Elevation Band (SRTM)

Range-Doppler Terrain Correction, Input: ML dataset

. Convert gammaO images from linear to dB
. Compute difference image from gamma0O [dB]: VV — VH
. Display data as RGB view

. Statistical analyses: Scatterplots, Histogram Analysis, Profile Plot etc.
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File Edit View Analysis Layer Vector

D ¢

Product Explorer X ] Pixel Info ‘

Band Mat!
Filtered B
ert Band

Prog e Uncertainty

o~ & [4] Step5_backup_subset S1A_IW_G [a]
o~ @ [5] Step6_backup_subset S1A W G Geo-Coding Displacement Bands. .. 7
o- & (6] Step7_backup_subset_S1A_IW_G Subset.
o & [7] Step8_backup_subset S1A Iw_G| Geometric Operations * lim —
o @ [8] Step9_backup_subset_S1A_IW_G| DEM Tools ¥ lim_TC
¢ = 19 SteplO_backup_tubset_SlA_MJ Masks » |Sim_TC_dB
o= G Metadata | Data Conversion »
o- @ Vector Data Image Analysis »
¢ & Bands Classification »
B simulated_Intensity VH Segmentation >
M cammao_vH Export »
. Gammao_wW —
. elevation_VH
[ elevation
- latitude
. longitude
[ rocalincidenceAngle
. projectedLocalincidenceAngle
. incidenceAngleFromEllipsoid
M cammao_vH_db
B cammao_w_db
Navigation - [9] Ga... | Colour Manipulat... X |Uncertainty Visuali... |World View

Editor: () Basic @ Sliders () Table

[g?ﬂ ] “I

Name: Gamma0_VH_db
Unit: intensity_db

Min: -25.348

Max: 4.014

Rough statistics!

=]
S
X

19 S |
RIRICBON|

5
f

k13

PEE
8541
811

A More Options

N

[
&

®

2 or Al ® I

Target product:

Band Maths

Woic |[9] Stepl0_backup_subset_S1A_IW_GRDH_20170103_A1FE_Orb_Cal_TF_ML_Sim_TC_dB |v| =
Name: [Gammao_ww vH |l &
<
Description: | |‘ s
. z
Unit; | ] o
&
Spectral wavelength:[0.0 NIES
[
Virtual (save expression only, don't store data) i
[v] Replace NaN and infinity results by NaN| —
&
[ ] Generate associated uncertainty band z
o
Band maths expression: =
$9.Gamma0_wW_db - $9.Gamma0_VH_db z
&
=3
o
7
| Load... | [ Save... Edit Expression... l
1T
| oK || Cancel | Help l

Band Maths Expression Editor

1

B

Praduct |[9] Stepl0_backup_subset S1A_IW_GRDH_20170103 AlFE_Orb_Cal_TF ML_Sim_TC_dB

|'|

Expression:
$9.Ganma0_VV_db - $9. Gamma®_VH_db

Data sources:
$9.elevation @+ @
$9.latitude

e-8
$9.longitude
$9.localIncidenceAngle @+*@
$9.projectedLocalIncidenceAngle 3 e/ @
$9.incidenceAngl eFromEllipsoid
$9.Gamma® VH db (e
$9. GammaO_VV_db Constants. .. -
[v] Show bands Operators. .. -
[ show masks Functions. .. -
O st tie-point grids
[ Show single flags

Ok, no errors.

28

I OK H Cancel || Help ‘
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of a
single acquisition

1.
2.
3.
4.
5.
6.
7.
0.

N e
w N = O

Open data in SNAP- Display the data

Interpret the data (metadata, pixelinfo, image navigation tools etc.)
Take subset & apply orbit file

Apply radiometric calibration

Flatten terrain

Multi-Looking

Create Elevation Band (SRTM)

Range-Doppler Terrain Correction, Input: ML dataset

. Convert gamma0 images from linear to dB
. Compute difference image from gammaO [dB]: VV — VH
. Display data as RGB view

. Statistical analyses: Scatterplots, Histogram Analysis, Profile Plot etc.
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Display difference image VV-VH in RGB

o=

o
o
o
o
o
e

a

B @

Product Explorer X | Pixel Info

o & [1] S1A_IW_GRDH_1SDV_20170103T164227_20170103T1
& (2] subset_0_of S1A_IW_GRDH_1SDV_20170103T164227 |
= [3] subset_0_of S1A_IW_GRDH_1SDV_20170103T164227 |
[4] subset_0_of S1A_IW_GRDH_1SDV_20170103T164227 |
[5] subset_0_of S1A_IW_GRDH_1SDV_20170103T164227 |
[6] subset_0_of_S1A_IW_GRDH_1SDV_20170103T164227 |
[7] subset_0_of S1A_IW_GRDH_1SDV_20170103T164227 |
[8] subset_0_of S1A_IW_GRDH_1SDV_20170103T164227 |

0 M W W W w

o~ () Metadata
o (33 Vector Data
¢ & Bands
B Gammao_vH
Gamma0_W
elevation

Gamma0_W_db
GAMMAQD. MH.

a
a
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@
m

&
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"
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=
o]
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]

Navig... X | Colour

995.03:1 | =}

Uncertai..

World Vi...

Time Se...

TELEP P g =

File Edit View Analysis Layer Vector Raster Optical Radar Iools¢ﬂlndow]ﬂe!p

Open Image Window

l [ open RGB Image Window
2] E Open HSV Image Window

Tile Horizontally
Tile Vertically
Tile Evenly

Tile Single

New Workspace...

Configure Window
Reset Windows
Go to Previous Window

Close Document
Close All Documents

Close Other Documents

]

‘ﬁl_z % B

[VH x| @ (8] Gammao_vH x|’ [H] [8] GAMMAO-W_VH x|
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m [10] Gamma0_VV_VH - Step1l backup_subset S1A IW_GRDH_20170103_A1FE Orb_Cal TF_ML _Sim_TC dB BandMaths - /shared/2018-09_ESA PECS/Forestry/Single image analysis/oy <. o X
File Edit View Analysis Layer Vector Raster Optical Radar Tools |Windew | Help Q-
E —— [ " [
™= E Open Image Window 4 ooa
| ) & ool 222 O ¥ v iy |y
s S = [E open RGB Image Window # 2 %’ % e KN m WA R O ‘

a% Ha|

Product Explorer X |Pixel Info ‘

-4
o

o

i & @

o
o=
?

o (@ Metadata
o- (3 Vector Data
¢ & Bands

Simulated_Intensity_VH
Gamma0_VH

Gamma0_W

elevation_VH

elevation

latitude

longitude
localincidenceAngle
projectedLocalincidenceAngle
incidenceAngleFromEllipsoid
Gamma0_VH_db
Gamma0_w_db
Gamma0_W_VH

[S] Step6_backup_subset_S1A_IW_GRDH_20170103_A1lFE_Orb_Cal_TH
[6] Step7_backup_subset_S1A_IW_GRDH_20170103_A1FE_Orb_Cal_TF
[7] Step8_backup_subset_S1A_IW_GRDH_20170103_A1FE_Orb_Cal_TH
[8] Step9_backup_subset_S1A_IW_GRDH_20170103_A1FE_Orb_Cal_TF eH
[9] Stepl0_backup_subset S1A_IW_GRDH_20170103_A1FE_Orb_Cal_T
[10] Stepll_backup_subset S1A IW_GRDH_20170103_AlFE_Orb_Cal |

ﬂ Open HSV Image Window

New Workspace trl-W

Jebeuely 19407 [m

Configure Window »
Reset Windows
Go to Previous Window

JaBeuep ysep ‘.J

[«]

Close Document
Close All Documents

Select RGB-Image Channels

Navigation - [10] G... | Colour Manipulat... X | Uncertainty Visuali... | World View

Editor

) Basic @ Sliders () Table

o

N
o
w

A More Options

'

Name: Gamma0_W_VH
Unit: null

Min: -9.707

Max: 26.376

Rough statistics!

vZo1

|
o=
<]

Expressions are valid

Red:  [$10.Ganma0_vv_VH

Green: |$10. Gamma®_VH

Blue: |$10.Gamma0_w

|| Store RGB channels as virtual bands in current product

oK Cancel H Help |

Zoom - Level - @2

e S Lat - Llon - |
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Display as RGB composite

a %

File Edit View Analysis Layer Vector

’ A ‘m ‘l’ .5

Product Explorer X | Pixel Info

o 5 [5] Step6_backup_subset_S1A_IW_GRDH_20170103_A1FE_Orb_Cal_TF

o- i@ [6] Step7_backup_subset_S1A_IW_GRDH_20170103_AlFE_Orb_Cal_TF_ML

o~ & [7] Step8_backup_subset S1A_|W_GRDH_20170103_A1FE_Orb_Cal_TF_ML_Sim

o & [8] Step9_backup_subset_S1A_IW_GRDH_20170103_A1FE_Orb_Cal_TF_ML_Sim_TC —

o- @ [9] Stepl0_backup_subset_S1A_IW_GRDH_20170103_A1lFE_Orb_Cal_TF_ML_Sim_TC_dB

¢ & [10] Stepll_backup_subset S1A_IW_GRDH_20170103_AlFE_Orb_Cal_TF ML _Sim_TC_dB |
o @ Metadata
o- (3 Vector Data
¢ & Bands

Simulated_Intensity_VH
Gamma0_VH

Gamma0o_W

elevation_VH

elevation

latitude

longitude
localincidenceAngle
projectedLocalincidenceAngle
incidenceAngleFromEllipsoid
Gamma0_VH_db
Gamma0_W_db

Radar Tools Window Help
=2 R [7Aer Al ®® Iw £ T o3 )

=@ 110) Gammao_W_VH x|’ [l [10] RGB x

<«

a

Lel

(4]

-

Navigation - [10]... X | Colour Manipulatio.

Uncertainty Visuali... |World View

® TELLALL
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of a
single acquisition

1.
2.
3.
4.
5.
6.
7.
0.

N N e
w N O

Open data in SNAP- Display the data

Interpret the data (metadata, pixelinfo, image navigation tools etc.)
Take subset & apply orbit file

Apply radiometric calibration

Flatten terrain

Multi-Looking

Create Elevation Band (SRTM)

Range-Doppler Terrain Correction, Input: ML dataset

. Convert gammaO images from linear to dB
. Compute difference image from gammaO [dB]: VV — VH
. Display data as RGB view

. Statistical analyses: Scatterplots, Histogram Analysis, Profile Plot etc.
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Statistical analysis: Scatter Plot

aB 9De 2w’k

F Y GRBACE KEeRoAAI vEQe R

k|

Scatter Plot X

2,51

0.01

y_db

-2.54

5.01

-7.51

-10,0 4

12,51

-15.0 {

-17.5 4

GammaO_VH_db in intensit

-20.0 {

-22.5

-25.0

Scatter Plot

P e QIMEBEBEO

-10 S 0 5 10

GammaO_VV_db in intensity_db

X-Axis
[v] Auto min/max

{[IOIStepll_bac.“

{Gammao_w_db

Y-Axis
[v] Auto min/max

[[myscepn_bac..

]GammaO_VH_db

[ ] Invert plot colors

S &as
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Statistical analysis: Histogram

EL I Y™

sz LA XExeaAsalNVvEQeR: P A MEAD

First select the band then press refresh button

i

Histogram Xl
Histogram for GammaO_VH_db »
Use ROI ma...
25,000 C Ig-|
o 22,500 | [=]=
o
g 20.000 #Bins:  [512 |
# 17,500 [ ] Loglo scaled bins
£ 15,000
X=Aodi
3 12,500 . is
= [w] Auto min/max
¢ 10,000
g_ Min:
o 7.500 o
—
&L 5,000
2.500 [ ]Loglo scaled
D- T T T T T T T
35 30 25 20 15 10 5 0 5 10 15 20 25
Gamma0_VH_db in intensity_db EW & ©
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Statistical analysis: Profile Plot

a H@E [ e Al ® 9w

£ SBisese wExEleasivyvReR: Py QA NEED

Select geometry

a

SNAP

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q-
= ¢ = 222 O GCP v v v iy
a9 2 or Al @ I w £ X B 5 e X=Bw B ASNTER D
Product EXE
Sl <
o & 51| Profile Plot X 3
o~ & (6] . . E
g 7] Profile Plot for virtual_red =
= o
o & (9] g
o & [10] 20.0 [_] Use ROI mask: 3
o 8 11 17.5 ‘ =
+% 112 15.0 Box size =
@l v . . =
- @ E} 125 [v] Compute in-between points %
v Q[ = 10.0 - ;
g 7 ||l Use correlative data &
— 4 ; A =
> 5.0 | -

2.5 e !
0.0 ] =
=
2.5 =z
350 400 450 5S00 550 600 650 700 750 X-Axis - gr
in pi Iv] A

Navigation Path in pixels v| Auto min/max z
H
a
@
s

X =Y - Lat - Lon - Zoom - Level - Q4
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of a
single acquisition

1.
2.
3.
4.
5.
6.
7.
9.

(o N S
w N B O

Open data in SNAP- Display the data

Interpret the data (metadata, pixelinfo, image navigation tools etc.)
Take subset & apply orbit file

Apply radiometric calibration

Flatten terrain

Multi-Looking

Create Elevation Band (SRTM)

Range-Doppler Terrain Correction, Input: ML dataset

. Convert gamma0 images from linear to dB
. Compute difference image from gamma0O [dB]: VV — VH
. Display data as RGB view

. Statistical analyses: Scatterplots, Histogram Analysis, Profile Plot etc.
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Lesson learned

Import GRD SAR image

) 4

Apply orbit file

v

Radiometric calibration

A 4

Terrain flattening

4

Multi-looking

v

Range Doppler terrain
correction

v

Display (linear to db &
RGB)

(Ground Range Detected)
image
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Plan for today:

SAR data processing with Snap :
i.  Single-date processing

* Generating a Radiometrically Terrain Corrected (RTC) Image
ii.  Multi-temp processing

 Generating a Radiometrically Terrain Corrected (RTC) Image for a
multi-temporal data set

* Time series analysis of multi-temp dataset
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of
multi-temporal acquisitions

1. Generate a processing chain with graph builder
i.  Apply orbit files
ii. Radiometric calibration
iii. Terrain flattening
iv. Range-Doppler terrain correction
2. Batch processing with the graph
3. Layer stacking

4. Display in RGB [dB]
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Graph Builder

R snap

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

FLEL S S . |

Product Explorer X | Pixel Info |

v

0 i 0 D G g

[1] S1A_IW_5LC__1SDV_20150119T170003_20160119T 1700
[2] S1A_IW_SLC__1SDV_20160119T 170003 _20160119T 1700
[3] S1A_IW_SLC__1SDV_20160119T170003_20160119T 1700
[4] S1A_IW_SLC__15DV_20160119T 170003 _20160119T 1700
[5] S1A_IW_5LC__15DV_20180119T170003_20160119T 1700
[6] S1A_IW_SLC__15DV_20180119T170003_20160119T 1700
[7] S1A_IW_5LC__1SDV_20150119T170003_20160119T 1700

External Tools » ' 9 '
e

Metadata ¥
Attach Pixel Geo-Coding... ™ [ Graph Builder X
Detach Pixel Geo-Coding... File Graphs
I',’;c GraphBuilder I| ~
%% Batch Processing
Manage External Tools
pk
Plugins Spk_TC
Options
Add > | 0 Input-Output »
Connect Graph ] Optical >
|Q Radar * || L Coregistration
— _ig W
a sl Raster > | ENVISAT ASAR >
L Tools > | Geometric
Read write L —
L Vector » | Interferometric
SRR 4% AerosolRetrieval.52.Master ] Polarimetric
Name: [0 Radiometri | —
|[11 51A_IW_SLC__15DV_20160119T170003_20160119T 170030_009566] — SEaCalibion
Ll SAR Applications 4 RemovefintennaPattern
Data Format: ‘-‘ SAR.Ut'l't'es 4r Terrain-Flattening
"T‘ Sentinel-1TaPS 4+ ThermalMNoiseRemoval
. SpeckleFiltering
i Apply-Orbit-File
4 Multilook

| Load H @Save || bdear || @Noh& || @He{p || [>Run |
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Graph Builder

File Graphs

Terrain-Fl

m |

| Apply-orbit-File | calibration | Terrain-Correction | Terrain-Flattening | write |

Source Product
MName:

|[7] subset_0_of 51A_IW_GRDH_1SDV_20170304T 164226_20170304T 164251_015545_0198BE_DEA7_Orb_.. + | [... ]

Data Format: Any Format

(B | B

[y [ Free | @ren | Dwn |
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Graph Builder

E Graph Builder
File Graphs

Polarisations: WH

[ save as complex output
[] output sigma0 band

[] output gamma0 band

| Output betad band

‘ 5 Load | @Swe bclear

@No‘(e I @Help | DRun
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of multi-

temporal acquisitions

1. Generate a processing chain with graph builder
i.  Apply orbit files
ii. Radiometric calibration
iii. Terrain flattening
iv. Range-Doppler terrain correction
2. Batch processing with the graph
Layer stacking

4. Display in RGB [dB]
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Batch Processing

g SNAP

File Edit View Analysis Layer WVector Raster Optical Radar Window Help Q'
£ pm = E Metadata » :

i ; i - # : .| g . ST

AR De | fad Po 4 ® b 12 3| F B .||l

Product Explorer X | Pixel Info | Detach Pixe o g

o & (1] S1A_IW_GRDH_1SDV_20170220T164226_20170220T16425| 5 GraphBuilder )

- (2] 51A_|w_GRDH_1SDV_20170316T164227_20170316T16425_ EL

o & [3] S1A_IW_GRDH_1SDV_20170103T164227_20170103T16425| g A) Monitaring A

o- & [4] S1A_IW_GRDH_1SDV_20170421T164228_20170421T16425 :r

o @ [5]S1A_IW_GRDH_LSDV_20170527T164238_20170527T16430|  Crernal Tools ' 3

o i@ [6] S1A_IW_GRDH_1SDV_20170714T164241_20170714T16430|  Manage External Tools a Batch Processing M o

o & (7] S1A_IW_GRDH_1SDV_20170620T164240_20170620T16430]  plugins —

o & [8] 51A W _GRDH_1SDV 20170819T164243 20170819T16430 T File Graphs =

o i@ [9] S1A_IW_GRDH_1SDV_20171018T164245_20171018T16431k—caoere— = 5

- 10] S1A_IW_GRDH_1SDV_20170912T164244_20170912T164309_018345_01EDF6_9937 @

@ [10] S1A_W_GROH_1SDV_ - -018345_OLEDFS. (VO Parameters z

o & [11] S1A_IW_GRDH_15DV_20171123T164244_20171123T164309_019395_020E3F AFB7 z

o @ [12] S1A_IW_GRDH_1SDV_20171217T164243_20171217T164308_019745_02192D_CFD4 File Name Type Acquisition Track Orbit # a

e

2

&

=

o

“

=

Navigation X | Colour Manipulation Uncertainty Visualisation World View Time Series §

0 Products
Target Folder
Save as: |BEAM-DIMAP |~
Directory:
[J‘hornEirus.’shared}Forestry!Single image analysis/output ||I|

[ ] skip existing target files Keep source product name

Dderapﬂl Run H Close H Help |
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Batch Processing

u E Batch Processing : Backup_Forestry_Multitemporal_preprocessing_graph.xml
File Graphs

Processing completed in 2.8 hours

l/IfD Parameters | Apply-Orbit-File | Calibration | Terrain-Flattening " Terrain-Correction

Flle Hame Type Acqulsiion Track orbit +
S1A_IW_GRDH_1=DW_20170220T...|GRD 20Fehb2017 73 15370 -
S1A_IW_GRDH_15DW_20170421T...|GRD 21Apr2017 73 16245 -4}-
S14A W _GRDH_15DVW_20170103T... |GRD 03]an20l17 73 14670
514 /W GRDH_1:=DV_20170316T...|GRD 16Mar2017 73 15720 =
S1A_IW_GRDH_1=DW_20170527T...|GRD 2TMay2017 73 16770 ?
S1A W GRDH 1=DV 20170620T...|GRD 20jun2017 73 17120
S1A_IW_GRDH_15DV_20170714T... |GRD 14julz017 73 17470 @
514 W GRDH_1=DV_20170819T...|GRD 194ug2017 73 17995
S1A IW GRDH_1=DV _20171123T...|GRD 23Mov20l7 73 19395 @
S1A W GHEDH_L=DV_20L7LZ2L71.. |GRD Lrbetiuly f3 19745 g
S1A_IW_GRDH_1=DV_20171018T...|GRD 180cz2017 73 18870
S1A_IW_GRDH_15DV_20170912T...|GRD 125e32017 73 18345 @

12 Products

Target Falder

Save as: [BEAM-DIMAP B
Directorv:
|fhomefrusfshared!2018-09 ESA PECS/Forestry/Multitamporal analysis/cutput backup ||:|

[ ] skip existing target files Keep source product name

Load G-aph “ Run H Close H Help |
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of multi-

temporal acquisitions

1. Generate a processing chain with graph builder
i.  Apply orbit files
ii. Radiometric calibration
iii. Terrain flattening
iv. Range-Doppler terrain correction
2. Batch processing with the graph
Layer stacking

4. Display in RGB [dB]
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Layer stacking

=

File Edit Wiew Analysis Layer Vector

Raster Optical

% e

Product Explorer X | Pixel Info |

SNAP

Help

PO ® el T DR

=

Tools Window
Apply Orbit File
Radiametric ]
Speckle Filtering

o
Ll |
Ll |
|
-
-
o
i
(o]
Lol |
Lol |
o=

[1] S1A_W_GRDH_1SDV_20170316T164227_2017031
121 S1A_W_GRDH_1SDV_20170220T164226_2017022
[3] S1A_W_GRDH_1SDV_20170421T164228_2017042
[4] S1A_W_GRDH_1SDV_20170103T164227_2017010
[5] S1A_W_GRDH_1SDV_20170527T164238_2017052
[6] S1A_W_GRDH_1SDV_20170620T164240 2017062
[7] SIA_W_GRDH_1SDV_20170714T164241_ 2017071
[B] SIA_W_GRDH_1SDV_20170B15T164243_ 2017081
[9] SIA_W_GRDH_1SDV_20171018T164245 2017101
[10] S1A_W_GRDH_1SDV_20171123T164244_201711
[11] 51A_W_GRDH_1SDV_20170912T164244_201709
[12] S1A_W_GRDH_15DV_20171217T164243_201712

Coregistration

Interferametric ¥ S1 TOPS Coregistration b

Polarimetric b DEM-Assisted Coregistration b

Geometric L

Sentinel-1 TOPS ¥ Crass InSAR resampling Stack Awveraging

ENVISAT ASAR ¥ lesr I Stack Split

SAR Applications ¥ 247

SAR Utilibes * EsC r

SAR Wizards k EDE @ e - M

Complex to Detected GR  AFE7 | TProductset-Reader | 2-CreateStack | 3-Write |

Multilooking 937 Fila Name Tvpe Acquisition Track Orbit
17T16430B_019745_021920_CFD4 e

e
0 Products
| @Help | {}Run |
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Layer stacking
€

Crents Stack et
[ 1-ProductSet-Reader [ 2-CreateStack [ 3Write
Master:

Resampling Type:
Initial Cffset Method:

‘Qutput Extents:

I Find Optimal Master |

S1A_IW_GRDH_1SDV_20170316T164227_20170316T164252_015720_01590DF3 D676

NONE -

[ProdoctOealoatn 00000 v
Master -

i @Heln l D’Run |

Takes about 15 min to run

¢ Create Stack

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

Hame:

S1A W _GRDH 15DV Cal TF TC_StacH

Save as: [BEAM-DIMAP v
Directory:

[rsharedrz018-09_ESA PECS/FarestryMultiternporal analysis/output

i @ Help [} Run
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Step by step - Generating a Radiometrically Terrain Corrected (RTC) Image of multi-

temporal acquisitions

1. Generate a processing chain with graph builder
i.  Apply orbit files
ii. Radiometric calibration
iii. Terrain flattening
iv. Range-Doppler terrain correction
2. Batch processing with the graph
Layer stacking

4. Display in RGB [dB]
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Plan for today:

SAR data processing with Snap :
. Single-date processing

* Generating a Radiometrically Terrain Corrected (RTC) Image
ii.  Multi-temp processing

 Generating a Radiometrically Terrain Corrected (RTC) Image for a
multi-temporal data set

* Time series analysis of multi-temp dataset
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Time Series Analysis
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