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Intr oduction

This document walks the reader through an example application of S A Rs ¢ 8ask halule . The reference
software version used throughout the tutorial is SARscape version 5.3.0, running under ENVI 5.3.1 with a
standard (GIS-like) interface, installed on Windows 7, 64bit. Sentinel1A data are used as an example in the
following, although the same steps apply to products from other sens ors.

SARscap® Basic module contains basic SAR amplitude processingools to extrapolate thematic information
and perform temporal analysis of the evolution of the observed features.

In this tutorial, SARscape basic tools are explored with the help of examples. The goal is to extract features
from a stack of geocoded filtered Sentinel-1 images starting from data download and going through all the
required steps. In particular, this tutorial will go through all the main tools using data over Eastern Greece,
affected by a flooding event in early 2015. In addition, two data type s will be handled in this tutorial. The
user can choose to use SLC or Ground Range data simply by reading the paragraphs that are colorcoded
(green for SLC and blue for Ground Range). Text in black is valid for both products. This processing can be
done using the single panels as described in the first part of this tutorial or using the dedicated workflow as

described in the second part.

Not e: Before starting with this tutorial, pl ease
St ar t e d owhichucande fouad here: http://sarmap.ch/tutorials/tutorials.html

@ Paragraphs like this one, showing a hand on the left side, indicate a practical step
that the user should perform in order to proceed with the tutorial.

This tutorial will use Sentinel data. How to download these data from Internet will be described. If this is not

possible please use the data contfpeamapch)iand chobse SLE@asi c 0

GRdata. Please contact us at support@sarmap.chto get login credentials.

This tutorial contains Copernicus Sentinel data [2015] and modified Copernicus Sentinel data [2015]. The
Sentinel satellites are owned by the European Union, there are part of the Copernicus program. They have
been developed and are operated by ESA (100% of the operations funding comes from the EU).

read

t


http://sarmap.ch/tutorials/tutorials.html
ftp://ftp.sarmap.ch/
mailto:support@sarmap.ch
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Data download and preparation

Data Download

Sentinel-1 data can be downloaded using the tool presented in the Getting Started tutorial that can be
downloaded from: http://sarmap.ch/tutorials/tutorials.html . Please expand the time interval in order to get

more images.

Note:

@®

Figure 1. Principal Parameters for download of a stack of Sentinel IW SLC Data acquired over Eastern

If you are unable to download the files or you do not have an internet access when performing
of this tutorial, please download the data in advance from our FTP site where you will find the
acquisition used in this tutorial. Please contact us at support@sarmap.ch to get login

credentials.

Open the Sentinel MultiDownload panel found in data import in the toolbox.

Inert a reference SAR image in the Input Files panel or upload an AOI in the
Optional Files panel Fill in the fields in the parameters tab as shown in Figure 1 for
SLCand Figure 2 for GR. Please note: You receive a username and password
after registering at the Sentinels Scientific Data Hub
https://scihub.copernicus.eu/dhus/

&Y Sentinel-1 Multidownload = £l e
Sentinel-1 Multidownload
Input Files Optional Files Parameters Output Files
Principal Paramesers b
Main Parameters
EAST o A
SOUTH o
Erom 10-L4N-2015
To F0JAN-2015 |
Platform Name Samtinak 1
Prenigw Only Faisg
Unzip Fles False
Check MDS Afer Downioad  [True
i Al
Inwm'rype SLC I
Acgastion Mods v
Relative Orbil Number 23
d
B Store Batch Exec Close

Greece from the 10" of January 2015 to 20" April 2015. The relative orbit number is 29.
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&Y Sentinel-1 Multidownload =] )4

Sentinel-1 Multidownload

Input Files Oplional Files Parameters Output Files

Prncipal Paramedars e

| MnmEammt:era

!IA!-'.T o ~
| soumH ]
[From W-JaN-2015
|To 20-JAN-201
iIiul'u:.rrﬁ Kama Senlingl-1
]
| Presw Qnty False
|Unzip Files False
| Check MDS After Download Tre
ol Al
Product Type GRO =
Acquaton Hode v
Relatree Crbi Humber 20

(v}

7] I ‘ Close

Figure 2: Principal Parameters for download of a stack of Sentinel IW GR Data acquired over Eastern Greece
from the 10™ of January 2015 to 20™ April 2015. The relative orbit number is 29.

@ Choose a convenient output directory for the progress file. The downloaded data
will be saved in the same directory. Please note: make sure you have enough

available free disk space in this folder. 2 GR dataset needs
14 GB of space Space needed for zip extraction and processing is not taken into
account.

@ Click Exec. The following window shoud appear (Figure 3). Please wait for the
download to complete before continuing with the tutorial. During this time it is
possible to use ENVI or SARscape and it is even possible to close ENVI. The
window of Figure 3 will remain open.

list from

*] Found 2 unique frames!

Figure 3: Download page for the files found by the Download Tool.



Setting Preferences

Before starting with the tutorial, it is advisable to set the correct SARscape and ENVI preferences as
Startedo

described in

@ Set

@ In case of Sentinel-1 IW SLC data, please set the preferences to SENTINEL

ENVI

t he

and

ifGetting

SARscape

preferences as
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tutori al

TOPSAR(Figure 4). There is no need to change the grid size as it is automatically
changed to 15m.

@ In case of GR data use the General parameters (Figure 5) and set the cartographic
grid size to 15m (Figure 6).

(&7 Preferences [Sentinel TOPSAR [IW - EW]]

Load Preferences | Load | Save

General

Sterec

UHR (better than 1m)

VHR (better than 3m)

YHR (better than Gm)

HR [better than 10m)

MR (between 10m and 30m)
LR (coarser than 30m)
Interferometry Low Coherence
Wrong Orbital Data

TanDEM-¥ Bistatic Configuration
CInSAR ERS-ASAR Interferamat
Sentinel TOFSAR (IW - EW)

PALSAR-2 ScanSAR
TSX ScanSAR
Squinted Data

X
General paramelers
pmputation |Faise -
b P
igree 2
Fmibar 50
1
4
0000
50
pnt 1000
hze (mij 15
3
W Size 7

10
Ath Cubec Comvalutior

@ ok Cancal

Figure 4: Load SENTINEL TOPSAR preferences beforstarting to work with Sentinel IW SLC data.

CInSAR ERS-ASAR Interferometry
Sentinel TOPSAR (IW - EW)
PALSAR-2 ScanSAR

T5X ScanSAR

Squinted Data

&%) Preferences [Sentinel TOPSAR (IW - EW)] ™
Load Preferences | Load  Sawe
General General paramelars
Stereo bmpatation [Falsa -
a
UHR (better than 1m) pres
lree 2
VHR (better than 3mj) e 50
VHR (better thamn Gm) i
HR (better than 10m) 4
MR (between 10m and 30m) 30000
50
LR {coarser than 30m)
f h et 1000
Interferometry Low Coherence ize: fm) 15
Wrong Orbital Data 3
TanDEM-X Bistatic Configuration W S 7

At Cubes Cormlulion "

@ 0Ok Cancel

Figure 5: Load General preferences before starting to work with Sentinel GR data.
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Load Preferences  Load

Wl General paranmotens
A Mosaic and Filtering
A Geocoding

7 Image Cormersion
/" Coregistration

# Flattening

4 Interleromaltry
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Almospheare

SBAS

Combmne Desplacemer
Persistent Scatterers
Modeling
Muttitemporal Feature:
Ship Features
‘Vanoaram

b

N M M M

i
W

:_!E Preferences [Sentinel TOPSAR (IW - EW)]

Sawve

= Praference -~

General parameterns

Automatic Looks Computation False
Doppler RG Poly Degree 3
\Doppler AZ Poly Degree 2
Doppler AZ Poly Number 50

| Azimuth Looks 1
Range Looks 4
|Block Size 30000
|Block Cverlap 50

i 1000
\ 15 |

Mean Window Size 3
lInterpotation Windaw Size 7

| Orbet Interpolation 10

|Resamplng Method

Alh Cubse Comeolulion

8 ok

W

Cancel

Figure 6: Change the Cartographic Grid Size to 15m in the General parameters tab.

Data Import

As described in the Data Import chapter of the Getting Started tutorial, the purpose of the Data Import is to
convert the data into SARscap® ®ata Format, generating the .sml and .hdr parameter files. In particular,

during this step, we will import only the Co -polar polarization channel (VV for this dataset) and automatically
rename the filename of the imported files using the provided metadata. For SLC files, a multtlooked _pwr

image of the imported slc is automatically created if /i Ma k e

Note: In case of a considerable amount of data, it is possible to prevent the automatic loading of the
imported files into ENVI (Figure 7). This will reduce the waiting time once the import processing
has ended, but you will have to open the resulting images manually in order to check the
results. The step described in this note is optional.

Powers Qlkt

&7, Praferences [General madified] 5
Restore | Load | Save
= Preference sneral paramete
o+ Direclones and batch Byte Order for Import MSEF A~
Pl General paramaters| Delet Temporary Files True
# User accounts
_/ Repasitonies Usa ENVI Carlograhic System True
 CSV Fields Generate Quick Look True
J~ Annotations Enable Completed Panel True
#_ Import Insert geo paints info in ENVI header False
# Cluster Generate Batch save during Workflow execution | False
Saturation Default 03333
Quick Look Format TIFF
Date String Prefix in dbf fie 0_
Automatic Looks Computation False
Dummy Removal False
Load Images Trua i |
< » ||Enable trapospheric range delay cormection Fale v
7] Ok Cancel
Figure 7: General parameters tab in SARscapePr ef er ences panel

if you do not want to open your output files in ENVIautomatically after each process.

t o
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@ Open the Import Sentinel panel found in Vmport Datad A ASAR Spaceborné A

ASingle Sensob A fSentine/16. | n SARscape folder found in ENVI S
@ SARscape allows to import the zipped file directly, therefore select the zipped

folders as shown in Figure 8. Se t iRename the File Using Paramet

This will rename the output file name using the sensor name, the track number,

the date and time of the acquisition and the polarization. Note: It is also possible

to right click in the Input File List, choose A Add Fol der o and select the

containing all the unzipped files. All the manifest.safe files present in this directory
(and sub-directories) will be inserted in the Input File List.

@ Pl ease also set the fAPol ar i zthdsofwar@imgon #AVYVY HH
only the co-polarized data (Figure 9).

Note: Setting the polarization flag to ALL will let the software import all available polarization channels

(VV and VH in this case). If you want to use both polarizations, please remember to set the
iDual P o | OFiltérihgessgp.i n t he

(& Import Sentinel-1 — O X

Import Sentinel-1

| Inpul Files Optional Files Parameters Output Files
Input File List

W S1A_IW_SLC__1SDV_20150111T161535 2015011171614 =
B S1A_IW_SLC__1SDV_20150123T161535_20150123T161) H
B s1A_IW_SLC__1SDV_20150216T161535_20150216T1614 ¢
B S1A_IW_SLC__1SDV_20150228T161535_20150228T1614 ¥
B S1A_IW_SLC__1SDV_20150312T161535_20150312T161
B S1A_IW_SLC__1SDV_20150324T161535_20150324T161(
B S1A_IW_SLC__1SDV_20150405T161536_20150405T161)
L S'IA_IW_SLC_1SDV_201504'|7T151536_201504]7”5?"

@ Store Batch Exec Close

Figure 8: Sentinel1 import panel showing the Input Files tab. The .zip folders are used as Input File for
Sentinel Data whereas the Orbit Files are optional and are not required in this example.

Onl
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O] Import Sentinel-1 = O X

Import Sentinel-1

Input Files Optional Files Parameters Qutput Files

Principal Parameters

Wain Parameters
True

Polarization WV HH anly I ;I
Make mosaic same track |Trus
Motse remaval False
Skip sample selection False

Rename Output Using Paramsters | True

(7] Store Batch Exec Close

Figure 9: Principal parameters Tab of the Import Sentinel-1 p a rPeldrizatio™® has t ofVWEH s et
Onlyo in order t polarizatipnodata (V\ofor thig dataset).

@Make sure that in the Other Par ameFigere s @ Make
10). This will automatically create a multi -looked power image (_pwr) of the

imported slc. Right click on the Output File List and change the output directory to
a convenient one.

@ Click Exec. Once the import has ended, in the output folder you will find 8 _slc_list
files, 8 _pwr images and 8 folders, containing the _slc burst. The 8 pwr are
automatically | oajwelll)i n ENVI &6s view (

@ Click Exec. Once the import has ended, in the output folder you will find 8 _gr file
(each one with his .hdr and .sml files), these files are automatically loaded in
ENVI 6 s Figuie 82)v  (
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(& import Sentinel-1 = O Pt

Import Sentinel-1

Input Files Optional Files Parameters Output Files

| Principal Parameters v |

Main Parameters

Make power QL [True 1

Polarzaton W7 MR onty -]
Make masaic same track [True

Noise removal |FIL61:

Skip sample selection  |Fae

Rename Oulput Using Parameters iTﬂl'!

7] Store Batch Exec Close

Figure 10: Principal Parameters Tab of the Import Sentinel-1 panel. Please make surei Ma ke poisger
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Figure 11: Multi-looked SLC (_pwr) data loaded in ENVI after the import. Note how the filename is
automatically written using the information stored in the parameters (sensor, orbit, time, polarization).
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Figure 12: Ground Rangedata loaded in ENVI after the import. Note how the filename is automatically
written using the information stored in the p arameters (sensor, orbit, time, polarization).

Sample Selection

The Sample Selection is a SARscape tool that allowsto crop an image (or a stack of images), reducing the
file size and processing time of subsequent analyses More details can be found in the fAGetting Started

BN

Tutoriab i n chapter fASample Selectiond. Here the ASampl e S

@ Open a multlooked image (in our example the file named
sentinell_29 20150111 161537844 IW_SIW1_A VV_slc_list_pwr) created in he
previous step in the ENVI View. Create a shapefile at the bottom -left corner
(Figure13) as described i n the SamplGetingSRartahet t i on
tutorial. The shape will not be perfectly rectangular . This can be solved using the
AUse Min and Max coordinate® f | ag i n t (Figuredsbottomdeft)e r s

@ Open a Ground Range image (in our example the file named
sentinell 29 20150111 161537326 IW_SIW_A VV_gr image) created in the
previous step in the ENVI View. Create a shapefile at the bottom -left corner
(Figure14)as described in the SamplGetfinSStatedft t i on
tutorial. The shape will not be perfectly rectangular . This can be solved using the
AUse Min and Max coordinate® f | thegparameters (Figure 16 bottom-left).

Note: Itis not possible to use the same shapefile to cut _slc_list files and _gr files because they have
different image coordinates. The same shapefile can be used if it is created in geographic
coordinates (for instance, using a geocoded image as reference). In this case, for more
accurate results, it is suggested to specify a DEMamong the Sample Selectionoptional files.

11
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Setting fiMake coregistrationo tlplocatdldiEs, whieh chr
appear in case of shifted acquisition frames. This is however only a rough coregistration and
does not replace the coregistration step described in the dedicated chapter.

Tip:

(=) et | E=m e =)
File Edt Displuy Placemarks Wiews Help
St 'Re &G 2 22 gty ~ ¢ - @ 64 @ Veclss 7 Arrolalonsv  GaTo -
- +—0% 20— 2 2 [Eo o (mazx e sedt——oin a6l Y] 2 e
Layer Manager ] Toobae M
¥ Yis 5 SARscapeimpoit Data/SR Spaceborme/SENTINEL 1
eeiors

7] Eatem_Grescs 5L

s SLC o
I scriseell 25 20150117_161537B44_fw_S1w1 i \VW_dle_lil_p

anager =i

SICRCE B Q
B serninel)_23_20150111_161537644_Iw_STW1_AV

Mesaikrn

My Tooke

Fadar

Aot Comsction

Aastr Managemant

Reguons of Inlesest

SARscape
Impet Dot

54 Spacsbore

» Fie nfomatian s ALDS PALS

b Berd Selection i ALOS PALSAR -2

A0S PALSAR K

g DOSMO Sk

at EMVISAT ASAR

@ & oz ENVISAT AG4R W56
! g EMVISAT MERIS

at EFIS 00

iz JERS 1 4R

e KOMFSATS

s A5
bz Seeitied Dowriond
Bese

Ganma and Gaussian Fileing
Fo

—

Figure 13: Polygon draw on sentinell_29 20150111 161537844 IW_SIW1_A VV_slc_list_pwr image. This is
the area of interest that will be used to cut SLC images.
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Figure 14: Polygon draw on sentinell_29 20150111 161537326 _IW_SIW_A_VV_gr imageThis is the area
of interest that will be used to cut GR images.

@ Once the shapefile has been correctly created, the Sample Selection for SAR
geometry data can be opened. | A ASamploeat ed in
s el e c tAi SammedSelection SAR Geometry data.For an SLC image insert all
the _slc_list files in the inp ut file list ( Figure 15 top-left), insert the shape file in the
vector file field and the _pwr image used as reference in the sample selection in
the Input Reference File field (Figure 15 top-r i g ht ) , sel ect ifGeographical
false and fAUse Min and Max coor diFgweld®s o to true
bottom-left) and select a convenient path for the outputs ( Figure 15 bottom-right).
For a GRimage insert all the _gr files in the input file list ( Figure 16 top-left), insert
the shape file in the vector file field ( Figure 16 top-right) no reference file is
needed as the shapefile was drawn directly on _
regiono to false and fiUse Min and MWNgae coordinate
16 bottom-left) and select a convenient path for the outputs ( Figure 16 bottom-
right).

@ﬁGeographical Regi ondo must be set to False as t
geometry and the AUse Min and Max coordinateso fI
the sample selection will then use a perfect rectangular shape that exploits the min
and max coordinates of the previously draw shapefile. Note: t he suf fi x A _cut o wil
automatically be added before the last extension name.

@ Click Exec. Once the processing has ended, the resampled files are shown in ENVI
view (Figure 17 for SLC and Figure 18 for GR). Please check that the files are
correctly cut.

13
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(&) sample Selection SAR Geometry D..  — (| e [ sample Selection SAR Geometry 0. — O =
Sample Selection SAR Sample Selection SAR
Geometry Data Geometry Data
Input Files  Optional Files Parameters Qutput Files Input Files Optional Files Parameters Output Files
npul Fie List Arga of nberest
B sentinel1_20_20150123_161537519_IW_A_WW sic_list | & ¥ Eastern_Greece_SLC shp -
B sentinel1_20_20150216_161537047_IW_A_WV _skc_list | =
Ei sentinel1_20_20150225_161536999_IW_A_VV_sic_list | X =
B sentinel1_20_20150312_161537116_IW_A_WV_sk:_list
B sentinel1_20_20150324_161537537_IW_A_VV_sl_list B
B sentinell_29_20150405_161537865_IW_A_WV sk _list
B sentinell_20_20150417_161538354_IW_A_VV_slc_list i
o Store Balch Exec Close (7] Store Batch Exec Close
[& sample Selection SAR Geometry D..  — O b4 [&] sample Selection SAR Geometry D.. — O X
Sample Selection SAR Sample Selection SAR
Geometry Data Geometry Data
Input Files Oplional Files Parameters Qulput Files Input Files Optional Files Parameters Output Files
_ Oulput Fie List
Principl Paramalars -
: B sentinel1_29_20150123_161537519_IW_A_VV_cut_sic_kis| _|
s B continel1_29_20150216_161537047_IW_A_WV_cut_slc_is| i
Hake Covegistration [Trae B sentinel1_29_20150228_161536999_IW_A_VV_cut_sic_is
Coregatration With DEW 5 sentinel1_29_20150312_161537116_IW_A_VW_cut_slc_lis
Cebarsphe e e B sentinel1_29_20150324_161537537_IW_A_WV_cut_slc_is
e — B sentinel1_29_20150405_161537865_IW_A_WV_cut_slc_ks
T, 999 5 sontinel1_29_20150417_161538354_IW_A_WW _cut_slc_is
South J Last Rew S
Use Min and Max Coordinates 14 =l
'B Store Batch Exec Close 9 Store Batch Exec Close

Figure 15: Sample Selection SAR geometry Data panel.Top left: Input file list, insert here allt he _slc_list
files (not the _pwr). Top right: optional files tab, here the previously created shape file has to be entered as
well as the _pwr image used as a reference for drawing the shapefile. Bottom left: Parameters tab, set
fGeographicabeneganenthe Bhhpefile was drawn on an i mag
and Max Coordinateso to True. Bottom right,

14
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[&7 sample Selection SAR Geometry D... — O X

Sample Selection SAR
Geometry Data

Input Files  Optional Files Parameters Output Files

nput Fie List )
sentinel1_SENTINEL-1_29_20150111_161537326_IW_SIV .=
sentinel1_SENTINEL-1_29_20150204_161536468_Iw_sIV _|
senlinel1_SENTINEL-1_29_20150216_161536513_IW_SIV| ¥
sentinel1_SENTINEL-1_29_20150228_161536487_IW_SIV
sentinel1_SENTINEL-1_29_20150312_161536615_IW_5IV
sentinel1_SENTINEL-1_29_20150324_161537007_IW_SIV
sentinell SENTINEL-1 29 20150405 161537334 IW _SIV
sentinel1_SENTINEL-1_29_20150417_161537823_IW_SIV

P EEEE D

'9 Store Batch Exec

[&] sample Selection SAR Geometry D..  — O X

Sample Selection SAR
Geometry Data

Input Files Optional Files Parameters Output Files
. Ares of nbenest
% Eastem_Greece_GRD.shp

]

7] Store Batch Exec

[&) sample Selection SAR Geometry D..  — O *

Sample Selection SAR
Geometry Data

Input Files Optional Files Parameters OQutput Files

Principal Parametars

Wain Parameters

Wake Coregistration |True

Coregisiradion With DEM

Geographical Region Fasa

West | First Columa -85

Haorth J First Row B9

Eaat / Last Colimn -9558

South / Last Row ]

Use Win and Max Coordnales  True |
7] Store Batch Exec Close

(&7 sample Selection SAR Geometry D..  — O X

Sample Selection SAR
Geometry Data

Input Files Optional Files Parameters Output Files
Output File List

sentinel1_SENTINEL-1_28_20150111_161537326_Iw_sIv| |
sentinel1_SENTINEL-1_29_20150204_161536468_IW_SIV =
sentinel1_SENTINEL-1_29_20150216_161536513_IW_SIV
sentinel1_SENTINEL-1_29_20150228_161536487_IW_SIV
sentinel1_SENTINEL-1_29_20150312_161536615_IW_SIV
santinel1_SENTINEL-1_28_20150324_161537007_IW_SIV|
sentingl1_SENTINEL-1_29_20150405_161537334_IW_SIV
sentinel1_SENTINEL-1_29_20150417_161537823_IW_SIV

" |

B3l R ..

L7 Store Batch Close

Figure 16: Sample Selection SAR geometry Data panel.Top left: Input file list. Top right: optional files tab,
here the previously created shape file has to be entered. No reference file is needed as the shape file was
set
SAR geometr

drawn directly on the ground range images. Botto m
(as the shapefile was

dr awn

Parameters tab,

an i mage in

eft
on

Bottom right, output file list .
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Figure 17: Resampled _slc_list_pwr images opened in ENVI view after the Sample Selection processing has
ended.
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Figure 18: Resampled _gr images opened in ENVI view after the Sample Selection processing has ended.
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Single Panels processing

This chapter shows the main tools of the SARscape Basic module performed step by step using the panels
present in the toolbox.

Coregistration

Coregistration is required when multiple images cover the same region and a time-series of pixel values
needs to be analyzed (e.g. for multi-temporal speckle filtering) or two images need to be compared, e.g.
through, image ratio or similar operations. Coregistration is simply the process of resampling an image in
slant- or ground-range coordinates to a reference acquisition geometry, also in slant- or ground-range
coordinates. This process must not to be confused with geocoding, which is the process of resampling each
pixel from slant- or ground-range coordinates to a cartographic reference system.

Note: If no DEM is inserted in the optional files, the coregistration with DEM will be discarded.

=13

@ Open the Coregistr atBasa A pvatensit)y ProcéssingonAl i n
fiCoregistratio’d a n d then sue pwt of the previously cut _slc_list (Figure 19
left) or the previously cut _cut_gr (Figure 20 left) i n  t/rpw Filég Lis . Il nsert the
first one as Reference File The remaining images will be coregistered to (i.e.
resampled to the geometry of) the first one.

@ Choose a convenient output folder for the output files and c lick Exec (Figure 19
and Figure 20 right). There is no need to add optional files or to change the

parameters.
[ Coregistrat x [&] Coregistration - O X
Coregistration Coregistration
Input Files Optional Files Parameters Oulput Files Inpul Files Optional Files Parameters Output Files
rpul Reference Fie Ousput Aeferencs Fie
B sentinel]_29_20150111_181537844_IW_A_VV_cul_slc_ks| ., B sentinell_20_20150111_161537844_IW_A_WV _cul_sic_ist .,
< : 4 L4 > |
nput Fie List Conput File Liat
B sontinel1_29_20150111_161537844_IW_A_WV_cut_slc_kis| = B sonftinel1_29_20150111_161537844_IW_A_VV _cut_skc_is
B sentinel1_29_20150123_161537519_IW_A_VV_cut_slc_ks| ] B sentinel1_20_20150123_161537519_IW_A_VV_cut_sic_is i
B sentinel1_29_20150216_161537047_IW_A_WV _cul_sic_ks| ¥ 8 sentinel1_20_20150216_161537047_IW_A_VV _cut_sic_ks
B continell 29 20150228 161536999 IW_A_ VW cut_sic ks B sontinall_20 20150228 161536000 IW A VWV cut skc s
B sentinel]_20_20150312_161537116_IW_A_VV_cul_slc_ks B sentinel1_29_20150312_161537116_IW_A_VV_cut_sic_is
sentinell_20_20150324_161537537_IW_A_WV_cul_sic_ks B sentinel1_20_20150324_161537537_IW_A_VV_cul_sic_ks
B santinell_20_20150405_161537865_IW_A_WW _cut_sic_ ks B santinel1_20_20150405_161537865_IW_A_VV_cut_slc_is
B sentinel]1_29_20150417_181538354_IW_A_VV_cut_slc_ks B santinell_29_20150417_161538354_IW_A_VV_cul_sic_kis
L7 Store Batch Exec Close 7] Store Balch Exoc Close

Figure 19: Coregistration Panel. Use the first image as a reference, the others will be coregistered to this
reference image.
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Coregistration

Coregistration
— —
Input Files Optional Files Parameters Output Files
wpul Reterence Fis )
B sentinell_SENTINEL-1_29_20150111_161537326_IW_SIV| .,
—
< > |
nput Fie List

B sentinell_SENTINEL-1_29_201501 11_161537326_IW_SIv| -
B sentinel]_SENTINEL-1_29_20150204_161536468_IW_SIV )
B sentinell SENTINEL-1_29_20150216_161536513_IW_SIV X
B sentinell_SENTINEL-1_29_20150228_161536487_IW_SIV|
B sentinell_SENTINEL-1_28_20150312_161536615_IW_SIV
B sentinel1_SENTINEL-1_20_20150324_161537007_IW_SIV
B sentinell SENTINEL-1 29 20150405 161537334 _IW_SIV
B sentinel]_SENTINEL-1_29_20150417_161537823_IW_SIV

L 7] Store Batch Exec Close

a X

[£] Coregistration

Coregistration
—_— —_— — =
Input Files Opbonal Files Parameters Output Files
Cutput Aeference Fie o
B sentinel]_SENTINEL-1_28_20150111_161537326_IW_SIW .,
< 3 b
Oustput Fibe List

B sentinell_SENTINEL-1_20_20150111_161537326_Iw_siv| [l
B sentinel1_SENTINEL-1_29_20150204_161536468_IW_SIV| i
18 sentinell_SENTINEL-1_29_20150216_161536513_IW_SIV
15 sentinell_SENTINEL-1_28_20150228_161536487_IW_SIV
B sentinell_SENTINEL-1_20_20150312_161536615_IW_SIV|
I8 sentinell_SENTINEL-1_20_20150324_161537007_IW_SIV
B sentinel] SENTINEL-1_20 20150405 161537334 _IW_SIV
B senlinell_SENTINEL-1_29_20150417_161537823_IW_SIV,

7] Store Batch Exec Close

Figure 20: Coregistration Panel. Use the first image as a reference, the others will be coregistered to this
reference image.

18



sar

your information gateway

Filtering

Images obtained from coherent sensors such as SAR (or Laser) systens are characterized by speckle This is
a spatially random multiplicative noise due to coherent superposition of multiple backscatter sources within a
SAR resolution element. In other words, speckle is a statistical fluctuation associated with the radar
reflectivity of each pixel in a scene. A first step to reduce the speckle - at the expense of spatial resolution -
is the so called multi-looking step, where range and/or azimuth resolution cells are averaged.

In our example, the De Grandi Spatio Temporal filtering will be used. It has to be pointed out that this multi -
temporal filtering is based on the assumption that the same resolution element on the ground is illuminated
by the radar beam in the same way, and corresponds to the same co-ordinates in the image plane in all
images of the time series. The reflectivity can of course change from one time to the next due to a change
in the dielectric and geometrical properties of the elementary scatters, but should not change due to a
different position of the resolution element with respectt o the radar. Therefore it is mandatory to co -register
the SAR images in the time seriesto a common reference acquisition, before performing this kind of filtering .
Input data must be in radar geometry; geocoded (_geo) data are not admitted.

The filter works in a combined time-space domain. Each element in homogeneous areas with developed
speckle is averaged with corresponding uncorrelated elements in the time-series. The mean values of the
probability distribution function of each instance in the average d series is adjusted to keep track of changes
in reflectivity. The adjustment is performed in space by estimation in a diagonal wavelet basis of the local
mean backscatter values in each data set. Since the wavelet based estimator preserves structures in the
image (such as edges and point targets), these structures (and changes thereof) are also preserved (and
denoised) by the time domain averaging (Figure 24).

In the DualPol case, the number of channels used in the LMMSE filtering will be doubled with respect to the
Single Pol version since both polarizations for each date will be used.

Note: It is suggested to always work with only one polarization type at once. It i s however still
possible to perform DualPol De Grandi filtering: the or der of t he {pioll &s
foll owed -pboyh afidc rtohses Dat a Type has to be set to

Figure 21: Unfiltered intensity image (left) and filtered intensity image (right) using the De Grandi filter. Note
how the filtered image is less noisy but preserves (and enhance) the linear features
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Spatio
and
i n /Inpuhfale A

Lis®H (Figure 22 for data coming from SLC and Figure 24 for data coming from

GR). Note: Use only VV polarized data.

Q@

Leave all the preferences as defaut. Choose a convenient output folder and click

Exec The filtered results will be loaded automatically when the process ends

(Figure 24 or Figure 25).

@] De Grandi Spatio-Temporal Filtering — O x

De Grandi Spatio-Temporal
Filtering

Input Fles Parameters Outpul Files

ruprurd File List
B sentinel]_29_20150111_161537844_IW_A
B sontinell_20_20150123_161537519_IW_A
B sentinell_20_20150216_161537047_IW_A
H sentinell_29_20150228_161536099_IW_A
8 sentined_20_20150312_161537116_IW_A
B sontinel_20_20150324_161537537_IW_A
B sentinell_29_20150405_161537865_IW_A
B sontinel1_20_20150417_161538354_IW_A

Store Batch

E‘] De Grandi Spatio-Temporal Filtering — O X

De Grandi Spatio-Temporal
Filtering

Input Fles Parameters Output Files
Ot Files:
B sentinel1_29_20150111_161537844_IW_A_VV_cut_sic_ks
B sentinal1_20_20150123_181537519_IW_A_WW_cul_sic_is &
5 sentinal1_20_20150216_161537047_IW_A_VV_cut_sic_lis
B sentined]_20_20150228_161536099_IW_A_VV_cut_sic s
B sentinel]_20_20150312_161537116_IW_A_VV_cut_sic ks
B sontinall_20_20150324_161537537_IW_A_VV_cut_sic_ls
B sentinel]_20_20150405_161537865_IW_A_VV_cut_sic_ls
B sontined]_20_20150417_161538354_IW_A_VV_cut_sic_ks

Store Batch

Figure 22: Input files for De Grandi Spatio-Temporal Flter for data coming from IW SLC data. VV

polarization is used for this tutorial .

&3] De Grandi Spatio-Temporal Filterin — O >
P P 9

De Grandi Spatio-Temporal
Filtering

Input Files Parameters Oulpul Files
mn_nem :
B sentinel]_SENTINEL-1_29_20150111_161537326_IW_SIV «
B sentinell_SENTINEL-1_20_20150204_161536468_Iw_Siv [l
B sentinell_SENTINEL-1_20_20150216_161536513_IW_SIV X
B sentinel]_SENTINEL-1_20_20150228_161536487_IW_SIV
8 sentinel]_SENTINEL-1_29_20150312_161536615_IW_SIV
B sentinell SENTINEL-1_28_20150324_161537007_IW_SIV
B sentinell_SENTINEL-1_29_20150405_161537334_IW_SIV
8 sentinel]_SENTINEL-1_29_20150417_161537823_IW_SIV

(7] Store Batch Exec

[&%] De Grandi Spatic-Temporal Filtering  — O *

De Grandi Spatio-Temporal
Filtering

Input Files Parameters Oulput Files
Gutees oes
B sentinell_SENTINEL-1_29_20150111_161537326_IW_SIV ]
B sentinel]_SENTINEL-1_29_20150204_161536468_IW_SIV, i
L] sentinel]_SENTINEL-1_29_20150216_161536513_IW_SIV
B sentinel] _SENTINEL-1_29_20150228_161536487_IW_SIV
B sentinell_SENTINEL-1_29_20150312_161536615_IW_SIV
B sentinell _SENTINEL-1_29_20150324_161537007_IW_SIV
B sentinel]_SENTINEL-1_20_20150405_161537334_IW_SIV
8 sentinel]_SENTINEL-1_29_20150417_161537823_IW_SIV

Store Batch

this tutorial .
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Figure 23: Input files for De Grandi Spatio-Temporal Filter for Ground-Range data. VV polarization is used for
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Filtered pwr images opened after the De Grandi filtering Process.
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Filtered gr images opened after the De Grandi filtering Process
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Geocoding

SAR systems measure the ratio between the power of the pulse transmitted and that of the echo received.

This ratio (so-called backscatter) is projected into the slant range geometry. Geometric and radiometric
calibration of the backscatter values are necessary for inter-comparison of radar images acquired with

different sensors, or even of images obtained by the same sensor if acquired in different modes or
processed with different processors. Further information can be found in the Geocoding chapter of the
AGetting startedd t ut or i al

Q@

@

Open t he Geocodi ng Bpsadnhk | fntendityo Bracessingd nA
fiGeocoding A fGeocoding and Radiometric Calibratio® and i nsert

filtered pwr rsp filor _gr rsp fild at a i /nputtFite é/std{Figure 26 or Figure
27 top-left corner).

In the DEM/Cartographic System tab (Figure 26 or Figure 27 top-right corner) you
can either insert the DEM extracted forthe A Get t / ng St aor tise the
binocular button to call the DEM extractor tool ( Figure 28). When the DEM is
downloaded, the DEM extractor tool will automatically close and the path of the
DEM will appear in the correct field in the Geocoding Panel.

Check that the X and Y Gridsizeis set to 15m and the Radiometric Calibraion to
True in the preferences (Figure 26 or Figure 27 bottom-left corner) and set the
output file list to a convenient directory (Figure 26 or Figure 27 bottom-right

i

the previo

Tutorial o

corner). Note: t he suffix i_geoo wi || aut omati cal

extension name.

Click Exec The geocoded images will be loaded at the end of the processing.
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[&] Geocoding and Radiometric Calibr..  — o b4 = Geecoding and Radiometric Calibr..  — O %
Geocoding and Radiometric Geocoding and Radiometric
Calibration Calibration
Input Files Optional Files DEM/Cartographic System  Paramete ¢ | » Input Files Optional Fles DEM/Cartographic System Paramete| 4 |
'.'.0“‘ "’."“ DEM File
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B sentinell_29_20150123_161537519_IW_A_WV_cut_slc_lis| L oM
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B sentinel1_20_20150324_161537537_IW_A_VV_cut_sic_lis sl
H sentinel1_20_20150405_161537865_IW_A_VV_cul_sk_ks WGS 1984
B sentinell_29_20150417_161538354_IW_A_VV_cut_slc_kis T
| @ Store Batch Exec Close 7Y Stmo B s Close
[ Geocoding and Radiometric Calibr..  — O X [&] Geocoding and Radiometric Calibr..  — | >
Geocoding and Radiometric Geocoding and Radiometric
Calibration | Calibration
Optional Files DEM/Cartographic System Parameters QutputF < | » DEM/Cartographic System Parameters Oulput Files r
Principal Parametars Wmn‘-l'l-“
B sentinell_29_2015011 I_'IElﬁ?w_lwwﬂ_wqml_slc_lis! 5|
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e Store Batch Exec Close (7] Store Batch Exec Close

Figure 26: Geocoding panel. Topleft: input file list (filtered _pwr images), top right: DEM (download
procedure in Figure28) , bottom | eft: parameters, set ARadiometric
file list.

23



sar

your information gateway

(&5 Geocoding and Radiometric Calibr...
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b
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5 sentinell_SENTINEL-1_29_20150312_161536615_IW_SIV -
H sentinell_SENTINEL-1_20 20150324 161537007 _IW_SIv .
5 sentinell_SENTINEL-1_29_20150405_161537334_IW_SIV WGES 1984
sentinel1_SENTINEL-1_28_20150417_161537823_IW_SIV i
(7] Store Batch Exec Close 7] Store Batch Exec Close
[#7 Geocoding and Radiometric Calibr..  — O x [&% Geocoding and Radiometric Calibr..  — O X
Geocoding and Radiometric Geocoding and Radiometric
Calibration Calibration
Opfional Files DEM/Cartographic System Parameters QutputF ¢ | * DEM/Cartographic System Parameters Output Files ‘)
P“lﬂlﬂpﬂl'ﬂllmﬂl’l o S
B sentinell SENTINEL-1_29 20150111 161537326 IW_Siv _
o B sentinell_SENTINEL-1_29_20150204_161536468_IW_SIV| &
H sentinell_SENTINEL-1_29_20150216_161536513_IW_SIV
a B sontinell_SENTINEL-1_29_20150228_161536487_IW_SIV
e — 5 sentinell_SENTINEL-1_29_20150312_161536615_IW_SIV
ks P & E sentinell_SENTINEL-1_20_20150324_161537007_IW_SIV
Local Incidence Angle False = sentinel1_SENTINEL-1_28_20150405_161537334_IW_5IV
Outpat type Linear B sentinell_SENTINEL-1_28 20150417_161537823_IW_SIV
(7] Store Batch Exec Close Store Batch Exec Clase

procedure in Figure 28) ,

Figure 27: Geocoding panel. Topleft: input file list (filtered _gr images), top right: DEM (download

bottom | eft

parameters, set ARadi

file list.

24

ometr

C



sar

your information gateway

IE';‘] Geocoding and Radiometric Calibr... — [

Geocoding and Radiometric
Calibration

DEM/Cartographic System Parameters Output Files

DEM File

=]

(O ReferenceH () GMTED 2010 | (®) SRTM-3 Version 4 | () SRTM-1Version3 () ALOS World 3D 30m () TDM 90

 »3

9 Store Batch Exec Close

Figure 28: Geocoding and Radiometric Calibration, DEM/Cartographic System tab. Use the binocular button
to call automatically the DEM extractor tool.
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Feature Extraction T Multi Temporal features

Single-date and multi-temporal features, based on first order statistics, can be derived from SAR intensity
data. Depending on the targeted product, These features enable to detect and extract structures or
temporal changes, which can be additionally used for segmentation and/or classification purposes. A
graphical representation of some temporal descriptors is shown in Figure 29.

UD
maximum ratio

maximum minimum ratio

range

integral

minimum

time

Figure 29: Temporal (intensity) Signature i Temporal descriptors. The selection of time range (seasonal,

Note:

@ ®

annual, etc.) is crucial.

The feature extraction tool works with only one polarization at time. If several polarizations are
available, the Multi Temporal Features tool has to be executed for each polarization.

Open the Feature Ext  rBasidA d/mensktypoRsdcessinodund i n i
fFeature Extractiod A A Mul t | 7T e mp o raad inséfteanly the &8/

polarizationoft he previ ousl y geoc d&dweAlelListd@iguredadt a in the
or Figure 32).

In the parameters, set all the index es to True, the software will then compute all
indexes.

In the output files, set the name of the root. The software will then add to this root

a suffix according to the computed index. Click Exec.

You can now see the resulting images, one for each chosen index. The most
important for us, in order to detect flooding, is the ARGB index (Figure 33). The
Coefficient of Variation index (STD/mean ratio) is assigned to the red channel, the
Min index to the green channel and the Gradient (maximum absolute variation
between consecutive acquisition dates) to the blue channel. Note the comparison
with a Google Earth image, also partially showing a flood event (Figure 34).
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Figure 30: Multi Temporal Features panel for filtered multilooked SLC data in VV polarization
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Figure 31: Multi Temporal Features panel, parameters Tab. Set all the features to True.
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Figure 32: Multi Temporal Features panel for filtered GR data in VV polarization

RGB result

The RGB result (Figure 33) shows three different values on the same image, assigning each one to a
different channel. The Coefficient of Variation index (STD/mean ratio) is assigned to the red channel, the
Min index to the green channel and the Gradient (maximum absolute variation between consecutive
acquisition dates) to the blue channel. Note how the flooded part has a strong purple color. A .kml is also
created, allowing the user to overlay the result on google earth base map.
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Figure33: R@GB r e sthelfitF ecaft ur e extraction tool. Note in the sel
a low backscatter zone, caused by an overflowed river that flooded the floodplain.

Google es

Figure34: Compari son of the floodplain on the ARGERGoogesult
Earth image was acquired on the 10™ of April 2015 and the right part on the 18" of March 2014. Note how
the flooded image in google earth matchest he dar k area in the AMIino r

Multitemporal features

The other multitemporal features are located in the same output folder. In addition, a _meta file is created.
This file contains all temporal descriptors selected in Figure 31 as well as all filtered geocoded images. This
will show up in the ENVI Data manager as follows (Figure 35).
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This particular file type allows the wuser to create R
square at the left side of the image name to assignthe bandand t he fil oad dataoasbutt orn
described in Figure 35. This can be done using the single filtered geocoded images as in Figure 36 as well as

using the temporal descriptors (Figure 37).
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Figure 35: ENVI Data manager containing the _meta created in the Multi Temporal Features step. It shows
all filtered geocoded acquisitions in the upper part and the temporal descriptors in the lower part.
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Figure 36: The three steps for the creation of an RGB using ENVI meta. 1: Select thee bands clicking on the
white square on the left of the band name in the Data manager (the order has to be red followed by green
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and blue). 2: Click on fALoad Datao at the bottom of

loaded into ENVI view and the three bands are shown In the Layer Manager.
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Figure 37: Another example of the three steps for the creation of an RGB using ENVI meta as in Figure 36
but using the temporal descriptors instead of the single acquisitions. This example uses the Minimum in the
red channel, the Minimum ratio in the green channel and the Span Ratio in the blue channel.

Otherwise, if more complex RGB image have to be created, it is possible to use the SARscape tool found in

ASARscape > General Tools > Data Export > Generate

different types of RGB operations and to adapt the scale, exponent and other parameters for each channel.
Please refer to the Help for more information.
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Workflow

This chapter will show how to use SARscape workflows in the Basic module. The first sub-chapter will
concentrate on replicating the process performed in the Single Panels chapter using the Intensity Time
Series Workfl ow and u svihioh gill dalse a pluse aftér @éachbstep).t Thenseconfl sub-

section will show a usage example of the Coherence RGB workflow In t hi s case, the ANext
used, which allows to perform all the steps with only one click. The operation of a SARscape workflow is
explained in the Getting Started tutorial that can be downloaded from here:
http://sarmap.ch/tutorials/tutorials.html

Note: During the execution of workflows, it is not allowed to close th e window or launch other
processes.

Intensity time series workflow

For this tutorial, Sentinel-1 data will be used. The data can be downloaded using the tool presented in the
Data Download section at page 4 of this tutorial. In this example, we will use only the resampled SLC files
(_cut_slc_list) in VV polarization. This workflow can be performed with ground range too.

This workflow is found in SARscape>Basic>Intensity Time Series Workflow.

Tip: Use the resampled data as input in order to perform the workflow only on the area of interest
defined in the Sample Selectionchapter.

Note: With the workflow, it is not possible to ingest dual-pol data, as they have to be used separately
for the multi temporal featur es analysis.

@ Open t he I ntensity Ti me Skasidd e san Wo rfk flll owi nf otulmel
_cut_slc_list files in VV polarization (they have to be previously imported and
resampled in SARscape as described in the relative section in theData download
and preparation chapter) as shown in Figure 38. Set up the DEM/Cartographic
System tab as described in Figure 39 in order to automatically download an
SRTM3v4DEMand then set the gridsize to 15m (Figure 40).

@ Click @NE&Rts >but tstamdownlohdmgitke DEM and then jump to
the next step. Note: You will be asked to confirm the look-factor once the
workflow has finished with the DEM download.
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Figure 38: Input File Tab in Intensity Time Series Workflow.
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Figure 39: Dem/Cartographic System tab in Intensity Time Series Workflow. Use these settings to let the
workflow automatically download the SRTM DEM that will be used from the Workflow. It is also possible to
use a previously downloaded DEM
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Figure 40: Parameters tab in Intensity Time Series Workflow.

@ The workflowwillrunt o t he next step each time that you cl

@ When you arrive to the Multi Temporal Features please select all the descriptors
and then cl(Figued4li.Next >0

@ At this point it is possible to select the output folder and root -name (Figure 42). All
the output files will have the same root -name.

@ Aftercl icking on AFi ni shRGBanENe Mmetafile) contaidings p | ay t he
all the multitemporal descriptors

Tip: I f you uncheck the fiDelete Temporary Fileso, al |
in the ENVI output directory with the name: SARsTmpDir_ddmmmyyy hhmmss (the letters are
referred to the date/time of the start of the workflow processing). Until the end of the process,
the intermediary files are kept in the ENVI temporary directory.
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Figure4l: Mul t i t empor al features step. Set all t he

Figure 42: Output Tab in the Intensity Time Series workflow.
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