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1 Introduction to ESA SNAP software and work with
Sentinel-1 & Sentinel-2 satellite imagery

1.1 ESA SNAP software

ESA SNAP is as free software distributed under GNU license. Developed and supported by ESA,
first of all aims to offer efficient, public tool for raster satellite data processing (optical and radar).

1.1.1 Installation

Installation files of ESA SNAP software are available to download on the
http://step.esa.int/main/download/ website. User has a possibility to download one of three
installation versions according to his needs (Fig. 1):

e Sentinel-1, Sentinel-2 and Sentinel-3 toolboxes,
e SMOS (Soil Moisture and Ocean Salinity) data toolbox,
e Sentinel-1, Sentinel-2 and Sentinel-3, SMOS data and PROBA-V toolboxes — all accessible

tools.
Windows 64-Bit Windows 32-Bit Mac OS X Unix 64-bit
Sentinel These installers contain the Sentinel-1, Sentinel-2, Sentinel-2 Toolboxes
Toolboxes Download Download Download Download
These installer contains only the SMOS Toolbox.
Dowvnload alsc the Format Conversion Tool (Earth Explorer to NetCDF) and the
SMOS Toolbox user manual.

Download Download Download Download

These installers contain the Sentinel-1, Sentinel-2, Sentinel-3 Toolboxes,

SMOS and PROBA-V Toolbox
All Toolboxes x oo

Download Download Download Download

Fig. 1. Available installation versions of ESA SNAP Software (source: step.esa.int)

Work with satellite imagery of Sentinels family requires downloading first or third version. To
download the installation file, please point Download choosing software version which also fits to
users operating system (Windows 32- or 64-bit, Mac OS X, Unix 64-bit) and save it in a known
directory.

To install ESA SNAP software please double point the file. Then proceed through the entire
installation process.

1.1.2 Application launch and interface overview

ESA SNAP software can be launched by shortcut #8 on the desktop (created during the installation)
or by Start Menu — Search — ESA SNAP Desktop.

ESA SNAP software main window can be divided into several parts (Fig. 2):

a) main toolbar — grouped in several categories tools for application configuration and read,
write and process data,

b) shortcuts toolbar — direct links to some functions of the software,

¢) navigation and data display panel — allows for easy navigation through read data, changing
its visualization, saving after edition and calling some functions,

__/

ESA SNAP Workbook created by gaskEr POLSKE 5


http://step.esa.int/main/download/

eastern
> european region

d) product library and layer manager panel — expandable windows allowing for managing
large data sets and changing the way of current map window presentation (vector data style
and transparency, layers order etc.)

e) map window — allows for a visualisation of possessed data.

L | N 1.N0205_R135_1

20178 1521952 IL1C_20170919T074611.N0205_R135_T38TNM_20170919T075649 SAFE\MTD_MSIL1Cx..| = | & [NSEH
le_Edit Vi alysis. o1 ools_Windoy Qe Search (Ciri+
b) S HCE [4JP-RQ WO FBRELASTOTT r0AAINVEIORZ \ ¢V ITZTA0UOE |

c) Product Explorer * | Pixel Info
= @ (1) S2A MSILIC 2010197074611 N0205 R 135 T30 20 101570756
O Metadata
% 2 Vector Deta

@ (0 Bends
0 sk

Mavigation - (1) RGB pulation - [1] Sentin... x

Red () Green ©Bue

Fig. 2. Main window of the ESA SNAP software

It is only a default interface of application window, which can be configured during user needs and
preferences to create user-friendly workspace for efficient work.

1.1.3 Overview of software configuration capabilities

Configuration options of ESA SNAP allows to fit the software interface to user needs, optimal
allocation of hardware resources, defining the default way to display data and several other
capabilities. Making changes in the interface is available in View panel from main toolbar (Fig. 3),
and the other configuration tools are collected in Tools — Options window (Fig. 4).

‘ViewlAnaIysis Layer Vector Raster Optical Radar T

! Tool Windows »

E Statusbar

Synchronise Image Cursors

v Synchronise Image Views

| =t |

B N N

Toolbars 4
Show Only Editor Ctrl+Shift+Enter
Full Screen Alt+Shift+Enter

Fig. 3. ESA SNAP interface configuration menu

_—/
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Options |i_|

=
£ 20 0® 5 laMig =

General Layer Perfommoe WWW Keymap Appearance S2TBX S1TBX S3TBX

System
VM Parameters \ Xmx91136m -Xms256m -XX: +AggressiveOpts -Xverify:none —Dnetbel [ }
Cache Path EC:\IJsersanmbidci\. snapvar\cache ‘ | o |
| Compute | | Reset |
Processing
SNAP Values Benchmark test values
Cache Size (MB) 1024 | 1024;45568;68352; |
Number of Threads 116 ] 16; |
Benchmark operahori Calibration v i
I Compute | | Reset |
Ewort.. | [(nert. | T e

Fig. 4. ESA SNAP settings window
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1.2 Search, browse and download the Sentinel-1 & Sentinel-2
data

SciHub is a website providing access to Sentinel-1, Sentinel-2 and Sentinel-3 data. The website is
available at https://scihub.copernicus.eu/. Open Access Hub is a map browser for download data
of all the Sentinel missions working in operational mode through graphical user interface. For
using the SciHub website it is necessary to own the user account. SciHub allows to search data by
area, sensing time, ingestion time, sensor type, product type, three features typical for Sentinel-1
mission: polarisation, sensor mode, orbit number and one feature typical for Sentinel-2 data - the
cloud cover.

The content of map browser contains the following elements (Fig. 5):
a) sign up and login buttons,
b) tool for change the map backgruoud,
c¢) tools for navigation and defining the area of interest,

d) expandable search toolbar.

E_\ -@8a opernicus Copernicus Open Access Hub - 6N @ M

B |
- |d)
A Advanced Search Clear - DEEEEEINEEEEEEENEES L / s @ < o ] lackMerble

m o om
mom

[=] Mission: Sentinel-2

s «

Fig. 5. Open Access Hub window of SciHub website |

Exercise 1 Search and download Sentinel-1 data through SciHub website

e Step 1. Open the web browser, type in address bar: https://scihub.copernicus.eu/, confirm

[Enter], and go to Open Hub == access point.

e Step 2. Login typing login and password provided by trainer.

Step 3. Set navigation tool i slide view to your area of interest and choose rectangle
228 or polygon L7200 area of interest drawing tool.

e Step 4. Expand the list of advanced search options =

e Step 5. Set the Sensing period as 1.09.2017-31.09.2017 r., mark Mission:Sentinel-1
checkbox, choose Product Type: SLC and apply a search .

I
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All images of the given parameters, whose range crosses the given area of interest, have been
shown in the map window and listed on the results list on the left (Fig. 6).

After point some image it is possible to move and zoom map range to this image, view its metadata
and download the image to hard drive.

Copernicus Open Acce:

iy
> | |

Display 11025 of 32 products. selectall O ¢
Order By: Ingestion Date 4

footprint: i as '
A4 40. 44
40. IM. ) AND l g) T

BN +1n w_sic_1sov 2017101803003 20171016Ta30100_ 018876 0171 8261
Oowmlood RL g5t copemics e BrslodotaProduc o130 b 4251 525 306504c2SaSvalve
s Septne1 Istrment SARK.Sensing Dote. 2017101973300 712 Sae- 71468

Oguz rayonu

| BENEEDEE 51 w_sic_150v_20171018T150145 20171018T150212 018869 01FDFA 1624

‘Downlood URL_ kitps.//scibub copernicus ew/dhus/odata/vi/Products( 7318 Ta-8963 Sico-bO0S §67125ch 386 Shaive
| Mission: Sentinet-1 nstrument. SARC Sensing Dote: 2017-10-18TI8.01,45 5062 Size. 72668

md -nnl_m_su_lsml_)nlnnu'mmux_)nlnullwmu_wun_mml_un

Downiood URL: scihub, copernicus eu/dhus odotav1/Product 7-972e-4b4e-bB8I019360380407 I/ Svolue
Mission: Sentinel-1 Instrument: SARC Sensing Date: 2017-10-18T03:0743.267Z Size: 72968

--m W_SLC_150V 2017101575327 261TIO1ITIASISA 016706 01FAS AT

"Download URL: https.//scibub copernicus roducts! ic1CB2 45874534 Bcka-e85C TCORCTaT ) S
Misslon: Sentinel-2 Instrument: SARC Sensing Oote: 2017-10-13T1453:27 2732 Stze: 726 68

BN BN 514 w_sic_150v_20171012T030832_20171012T030859_018774_O1FAFF_1D1T

| Products per page:[25_v] <« < pager[ 1 [of2> >
Fig. 6. The e_ﬂ'ect of searchmg in Open Hub access pomt
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2 General raster tools

2.1Read, view and save the data

It is advised to extract the downloaded file — it is necessary for working with Sentinel-2 data.
According to system limitation of file path length, files should be placed so high in the hierarchy of
directories as possible before extraction. To load data to workspace data can be opened (exercises 2
and 3) or imported (exercise 4). Data import tool allows to work with many supported sensors and
data formats (Fig. 7).

Import > DEM 8
Export L4 Generic Formats »
Exit ‘ Optical Sensors  » k Landsat »
SAR Formats L4 RapidEye »
SAR Sensors 4 Seadas »
Vector Data L Sentinel-2 L2
Sentinel-3 ’
Spot »
Aquarius
HICO L1B
MODIS L1B
OCM2 L1B
: : VIIRS (SDR, EDR)
Navigation | Colour Manipulation x | Uncertainty Visui  Deimos
ATSR Product

NOAA-AVHRR/3 L1B
ALOS/AVNIR-2 Product
ALOS/PRISM Product
CHRIS/Proba

MERIS Binned Level-3
MODIS (MOD,MXD,MYD)
MERIS Level 1 (S3 Format)

MERIS Level 2 (S3 Format)
This tool window is used to mar|

¢ & | SPOT VGT
colouring of images shown i
Right now, there is no selected Binned SeaDAS data
ERS1/2 ATSR (.E1, .E2)
ENVISAT MERIS,AATSR

HICO (ENVI format)
PROBA-V L2A/L3

Fig. 7. Optical sensors supported by ESA SNAP software

Exercise 2 Sentinel-1 data reading in ESA SNAP software

e Step 1. Launch the file adding window by select from the main toolbar File — Open Product
oricon = from the shortcuts toolbar.

e Step 2. In the opened add file window select Sentinel-1 Products from the Files of type
drop-down list.

e Step 3. Find Sentinel-1 image in the |\ESA_SNAP_workshops\source_data directory,
open the main catalogue of the image, point manifest.safe file which allows for correct
opening Sentinel-1 data and click Open (Fig. 8). Image will be added to application
workspace and placed in Product Explorer tab.

_—/
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A SNAP - Open Product -
Look in: S1B_IW_SLC__1SDV_20170918T150057_20170918T150124_007448_00D25B_2963.SAFE v |‘j( v
I annotation
o Vot measurement
Recent Items preview
. support
]
Desktop | S1B_IW_SLC__1SDV_20170918T150057_20170918T150124_007448_00D25B_2963.SAFE-report-20170918T172711
E
Documents
This PC
pe Y
Qs File name: manifest.safe
Network Files of type: | all Files v

Fig. 8. Sentinel-timage open in ESA SNAP Software

Exercise 3 Sentinel-2 data reading in ESA SNAP software

Step 1. Launch the file adding window by select from the main toolbar File — Open Product
oricon & from the shortcuts toolbar.

Step 2. In the opened add file window select Sentinel-2 Products from the Files of type
drop-down list.

Step 3. Find Sentinel-2 image in the |\ESA_SNAP_workshops\source data directory,
open the main catalogue of the image, point MTD_MSIL1C.xml which allows for correct
opening Sentinel-2 data and click Open (Fig. 9). Image will be added to application

workspace and placed in Product Explorer tab.

Look in:

L
S
Recent Items

Desktop

£
Documents

A

L=

This PC

@

Network

SNAP - Open Product

S2A_MSIL1C_20170830T074611_N0205_R135_T38TMK_20170830T074857.SAFE

¥

B efE-

AUX_DATA
DATASTRIP
GRANULE
HTML
rep_info

“J INSPIRE

| manifest.safe

Bl MTD_MSILIC

File name: MTD_MSIL 1C.xml

Files of type: | ll Files

Cancel

Fig. 9. Sentinel-2 image open in ESA SNAP Software

Exercise 4 Data import in ESA SNAP software

Step 1. Launch the data import window by select from the main toolbar File — Import —
Optical Sensors — Sentinel-2 — S2-MSI.

Step 2. Find Sentinel-2 image in the |\|ESA_SNAP_workshops\source data directory,
open the main catalogue of the image, point MTD_MSIL1C.xml file, used for Sentinel-2
data import and point Import Product (Fig. 10). Image will be added to workspace and
placed in Product Explorer tab.

-
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A SNAP - Import Product =
Look in: S2A_MSIL1C_20170830T074611_N0205_R135_T38TMK_20170830T074857.SAFE v E‘F '
D= AUX_DATA Subset...
S DATASTRIP File size: < 1M
Recent Items GRANULE
HTML
. rep_info
Desktop “J INSPIRE
= & MTD_MSILIC|
o
Documents
This PC
‘.E File name: MTD_MSIL1C. xml
Network Files of type: | sentinel-2 MSI product or tile (*.xml) v

Fig. 10. Sentinel-2 image import in ESA SNAP Software
Add or import data does not display the raster data in map window — it should be done by using a

separate tool. ESA SNAP software allows to overview data from one or more sources in various
configurations.

Exercise 5 Raster spatial data display in ESA SNAP software

e Step 1. Add the Sentinel-2 image from |\ESA_SNAP_workshops\source_data directory to
the application workspace (you can also use the image added in previous exercise).

e Step 2. Run the open map window tool from the main toolbar by Window — Open RGB
Image Window or by point with right mouse button the added file in Product Explorer tab
and selection Open RGB Image Window from the list.

e Step 3. In the open map window tool set Profile as Sentinel 2 MSI Natural Colors (Fig. 11),
which is responsible for standard RGB composition of the image bands by assign
corresponding spectral bands to red, blue and green colour of the composition. Confirm
with OK.

= | Select RGB-Image Channels -

Profile:

Sentinel 2 MSI Natural Colors v & B I

Red: |R4 Ve E]

Green: B3 VA E]

Blue: |RB2 v E]

Expressions are valid

[ ] Store RGB channels as virtual bands in current product

| oK || Cancel || Help |

Fig. 11. Open map window tool

e Step 4. Repeat the operation of map window add, this time setting Profile as Sentinel 2 MSI
False-color Infrared.

I
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B [1] Sentinel 2 MSI Natural Colors RGB - S2A_MSIL1C_20170830T074611_N0205_R135_T38TMK_20170kge

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

aw Ll hd PR U2 WO ABREASCE X »0AASNVEYOR: \ *liv OZEETA0NO®

(1C_201708307074611_N0205_R135_T38TMK_201708307074857 SAFE\MTD_MSIL1C.x..| = | o [
o S oo

Golcle)

Product Explorer x | Pixel Info @ | [ (3] Sentnel 2 M1 Natural Colors RGE

RY) (1) 522 #65i iC_201/0630T0746.11 N5 R135_T3ATMK_20 1708301074857 |

abeuey 01 (@) | A popoid

ey

(PP ] R3]
WRIIRE o

s
e RS % T + x&

Fig. 12. ESA SNAP workspace with the RGB composition of Sentinel-2 image

Zoom- Level - @

e Step 5. Repeat the operation of map window adding, this time setting Profile as Sentinel 2
MSI Atmospheric penetration.

e Step 6. Open the map window adding tool once again. Besides predefined profiles there is
also possibility of user composition creation. Create some composition by setting as Red,
Green and Blue any band of <B2, B3, B4, B8 — 10 m spatial resolutnion>, <B5, B6, B7, B8a,
B11, B12 — 20 m spatial resolutnion> lub <B1, B9, B10 — 60 m spatial resolutnion> group
(ESA SNAP demands RGB compositions be created from the bands with the same spatial

resolution).
E ] ‘Select RGB-Image Channels =]
Profile:
|Sentinel 2 MSI Natural Colors {modified) V) Emi
Red: |BEA v [
Green: Bl1l v EI

Blue: |B5S v EI

Expressions are valid

[ ] Store RGB channels as virtual bands in current product

| OK || Cancel || Help |

Fig. 13.b Creation of sample user RGB composition of Sentinel-2 image

e Step 7. Active function ¥ allows for slide view (with the left mouse button pressed) and
change the scale of the displayed image (scroll wheel). Test the various capabilities of map

windows arrangement selecting one by one icons WEED from shorteuts toolbar (Fig. 15).
Activation the Synchronises views across multiple image windows function in the
Navigation tab (Fig. 14) allows to perform these operations simultaneously for all images.

ESA SNAP Workbook created by gastEr prOLSKka 13
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Fig. 14. Placement of the synchronization views function

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q-
AR DO 4 PIR PP UOELT FBRELASEXTroaAR\VEOR: \ ¢tV OEETA0 WO @ MEEAD
Product Explorer x| Pixellno | o |[B Tl Sevene 2051 Atmosherc penebaton AGB x| [« 3)E)E) [ 1 Sovine 21851 o<l infared i x|

@ @ [ S2AMSILIC 1 NO205 R135 T38TMK T LT

sbsuey) o0 () | Areaan prpoud

ey wen

| Colour Manipu... | Uncertainty Vi... | WorldView (=l || (1] Sentne 251 ot

Epppp

i

13 [ (e o

X =¥ - Bt -l

Fig. 15. ESA SNAP workspace with various RGB compositions of one image

e Step 8. Go from the Navigation to Colour Manipulation tab. Inside this tab is placed the
histogram of the image, under witch are placed sliders for change the image presentation in
map window — separately for bands Red, Green and Blue (Fig. 16). Try to change any of the
image colorization watching at the same time how it is changing RGB visualizations.

__—
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@ Red () Green () Blue

Name: B4

Unit: dl

Min: 0.004
Max: 0.809
Rough statistics!

Z2-382'E SR
1Z2'0

Fig. 16. Red band of the image histogram in Colour Manipulation tab
Exercise 6 Metadata

Metadata is the necessary information about the data included in spatial data set. Its structure and
content is usually defined in regulations e.g. INSPIRE Directive of the European Union. Metadata
for satellite data includes, among other things, information about coordinate reference system,
sensing time, spatial resolution and processing level. Without this information work with satellite
data could be hard or even unavailable.

e Step 1. Add the Sentinel-2 image from |\ESA_SNAP_workshops\source_data directory to
the workspace (or use the image added in previous exercise).

e Step 2. Explore the image in Product Explorer tab. Find the Metadata — Granules files and
open metadata tab Level-1C_Tile_38TNM by double click. (Fig. 17).

- ﬁa [1] S2A_MSIL1C_20170830T074611_N0205_R135_T38TMK_20170830T074857
2-E3 Metadata
#- ) Abstracted_Metadata
#- P Level-1C_User_Product
#-§® Level-1C_DataStrip_ID
- €9 Granules
"o
+-€9 General_Info
- Geometric_Info
¥ €9 Quality_Indicators_Info
+G Vector Data
([ Bands
- (3 Masks
Fig. 17. Sentinel-2 image metadata exploration in ESA SNAP software

e Step 3. View the content of the sample metadata tab. Try to find at least information about
coordinate reference system of the image. (Fig. 18).

-
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[1] Level-1C_Tie_38TMK x|

Name Value
+  General_Info

-1 Geometric_Info

=l Tile_Geocoding

+ Size

* Size

+ Size

+ Geoposition

+ Geoposition

+ Geoposition
metadatalevel Brief
HORIZONTAL_CS_NAME WGS84 [ UTM zone 38N
HORIZONTAL_CS_CODE EPSG:32638

+ Tile_Angles
+ Quality_Indicators_Info

Fig. 18. Metadata presentation ESA SNAP software

Exercise 7 Data save

For data save it is necessary to make some change in dataset. Because of that all the ways to save
the data will be presented in following exercises. Data save in ESA SNAP software is available by:

e File — Save (Fig. 19) option,

e definition of directiory, name and format of the target data during set the process
parameters — Exercise 8,

e saving the copy of the data with made changes (File — Save As) — Exercise 10,

e change data format (File — Export — ...)— Exercise 12.

File | Edit View Analysis Layer Ve
= Open Product...

Recpen Product > |

A Product Library

Close Product
Close All Products

Saye Produ;t
Save Product As...

Session '
Projects 3
Import »
Export »
Exit

Fig. 19. Placement of File — Save option of ESA SNAP software

I
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2.2 Change the spatial resolution of image (Resampling)

Resampling is the function which changes the size of image pixel to demand size. It allows to
present and process data with different spatial resolution (e.g. from different sources) in a uniform
way. In case of work with Sentinel family satellite data it matters mainly for optical data, which are
provided with three different pixel sizes — 10, 20 and 60 meters. Additionally, ESA SNAP software
requires the same spatial resolution of every band in source image in most of the functions.

Exercise 8 The spatial resolution change of Sentinel-2 image

e Step 1. Add the Sentinel-2 image from ||\ESA_SNAP_workshops\source_data directory to
the workspace.

e Step 2. Run the resampling window by Raster — Geometric Operations — Resampling.

e Step 3. In I/O Parameters tab in Source Product section choose the name of the added
image from the drop-down list (Fig. 20).

e | Resampling -

File Help

1/O Parameters | Resampling Parameters |

Source Product
Name:
[1] 52A_MSIL1C_20170830T074611_N0205_R135_T38TMK_20170830T074857 v E]

Target Product
Name:
S2A_MSIL1C_20170830T074611_N0205_R135_T38TMK_20170830T074857_resampled

Save as: BEAM-DIMAP v
Directory:
C:\E04EP \workshops\Armenia\SNAP_workshops'\exercise_8\dest

Open in SNAP

Fig. 20. The source and target data definition of the resampling operation

e Step 4. In Target Product section set the target directory as
\\ESA_SNAP_workshops\exercise_8\dest and the name of the resampled file. By default
it is name of the source file with resampled suffix. Mark Open in SNAP checkbox to load
new created data in Product Explorer tab

e Step 5. In Resampling Parameters tab sign By reference band from source product option
and set band B2, B3, B4 or B8 (Fig. 21) — each of them has spatial resolution of 10 meters —
the rest of bands will be resampled to this size in resampling process (Fig. 22). Leave the
other settings as default and run the resampling with button.

_/
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File Help

[ 1/0 Parameters | Resampiing Parameters |

Define size of resampled product

B3
(®) By reference band from source product: Resulting target width: 10980
Resulting target height: 10980
Target width: |
() By target width and height: Target height: I
Width / height ratio: 1.00000
l
(O By pixel resolution (in m): Resulting target width: 1830
Resulting target height: 1830

Upsampling method: Nearest
Downsampling method: [Fsrst
Flag downsampling method: lFsrst
[w] Resample on pyramid levels (for faster imaging)

Fig. 21. The resampling parameters settings

e Step 6. Create map windows of B1 band before and after resampling operation and set the
simultaneous view of both windows. Zoom to the area of large changes in brightness as far
to see single pixels (Fig. 22).

R:Eav-mw:vmmwm-vmw&m N [Q Search (Cui+D)

B DCE LI PIRTAPLNOKL T I BELASTE XS R0RA \Vlﬁan"' A ERBY OEEZ A0 O @ NEED

(V004

[T ey Ry e ——

@ s (375m) S .
R eungswomy | (S
@ s2(2150mm)
i 0l Masks
@ [2)52A_MSILIC_20170830T074611_N020S R135_T38TMK_20170830T074857. rese
s

E Rt IR

Bipanpou

| x-v=- | = -wn -

Fig. 22. The result of resamplig operation in Sentinel-2 image

Note that despite changing the size of single element of the image, general information provided
by B1 spectral band did not change.

[
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2.3 Change the coordinate reference system of the image

(Reprojection)

Every dataset exists in some coordinates reference system. Change the reference system is
sometimes unnecessary, especially in work with data from various sources. Sentinel-2 data are
delivered in UTM coordinate system.

Exercise 9 Change the coordinate reference system of Sentinel-2 image

Step 1. Add the Sentinel 2 data from |\ESA_SNAP_workshops\exercise_9\src directory
(or use the target file from exercise 8).

Step 2. Run the reprojection window by Raster — Geometric Operations — Reprojection
(Fig. 23).

Step 3. In I/O Parameters tab in Source Product section choose the name of the added
image from the drop-down list.

Step 4. In Target Product section set the target directory as
\\ESA_SNAP_workshops\exercise_9\dest and the name of the reprojected file. By default
it is name of the source file with reprojected suffix. Mark Open in SNAP checkbox to load
new created data in Product Explorer tab.

= Reprojection -
File Help

1/O Parameters Reprojection Parameterswi
Source Product
Name:
[1] 52A_MSIL 1C_20170830T074611_N0205_R135_T38TMK_20170830T0748... v | [.. |

Target Product
Name:
C_20170830T074611_N0205_R135_T38TMK_20170830T074857_resampled_reprojected
Save as: BEAM-DIMAP v
Directory:

C:\EO4EP\workshops\Armenia\SNAP_workshops\exercise_9 \desd IZ_]

Open in SNAP

Fig. 23. The source and target data definition of the reprojection operation

Step 5. In Reprojection Parameters tab choose the Predefined CRS option, and run the

coordinate reference system selection window by [séect | In new opened window type 4326
— EPSG code of WGS84 reference system, point it on the list and confirm OK. (Fig. 24).

_/
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Fiter: | 4326 | well-known Text (wKT):

GEOGCS['WGS 84",

DATUM["World Geodetic System 1984,
SPHEROID["WGS 84, 6378137.0, 298.2572)
AUTHORITY[EPSG”,"6326°]],

PRIMEM["Greenwich”, 0.0, AUTHORITY["EPSG

UNIT["degree”, 0.017453292519943295],

AXIS["Geodetic longitude™, EAST],

AXIS["Geodetic latitude™, NORTH],

AUTHORITY[EPSG","4326"]]

Fig. 24. Selection of the predefined coordinate system to reprojection

e Step 6. Leave the rest of the settings as default and run the reprojection with =0 | button.

File Help

1/O Parameters | Reprojection Parameters |

Coordinate Reference System (CRS)
(O Custom CRS

Geodetic datum: [World Geodetic System 1984
Projection: lGeographic LatLon (WGS 84)

@ Predefined CRS |EPSG:4326 - WGS 84

) Use CRS of ‘

Output Settings
[] Preserve resolution [ Reproject tie-point grids

[ Output Parameters... l No-data value: }NaN

[] Add delta lat/lon bands Resampling method: {Nearest

Qutput Information

Scene width: 14329 pixel Center longitude:  44°28'12"E

Scene height: 10981 pixel Center latitude: 40°09'18" N

CRS: WGS 84 ] Show WKT |

[[Run || Cose |

Fig. 25. The reprojection parameters settings

EPSG is common, universal way for coordinate reference systems encoding. Every offical and
national coordinate system should have its own EPSG code predefied in any GIS .

__—
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2.4 Dataset clipping

Data from the Sentinel mission covers large area (10 000 km? in case of optical imagery, about
38 000 km? in case of radar data) what makes it large in size and has negative impact on the
processing time. For this reason ESA SNAP software offers an opportunity of limiting the spatial
range of the data or choosing only that bands which are necessary for processing.

Exercise 10 Spatial limitation of the Sentinel-1 dataset

e Step 1. Add the Sentinel 2 data from | \ESA_SNAP_workshops\exercise_10\src directory.

e Step 2. Select the added file from the list in the Product Explorer tab and run the subset
window by Raster — Subset.

e Step 3. In Spatial Subset tab go to the Geo Coordinates section and type the range of subset
data (Fig. 26), and confirm OK.

= | Specify Product Subset -
SDBUBISUbSEt[ Band Subset ] Metadata Subset \
-
l Pixel Coordinates | Geo Coordinates |
1 North latitude bound: 40,6025
iWest longitude bound: 43.9715
| South latitude bound: 40,0923
| East longitude bound: 44,7095
Scene step X: 145
Scene step Y: 15
Subset scene width: 8221.0
Subset scene height: 5673.0
Source scene width: 36500
Source scene height: 22349
[ ] Fix full width
Use Preview [
[ Fix full height
v

Estimated, raw storage size: 88.9M

| OK H Cancel H Help ’

Fig. 26. Sentinel-1 data subset parameters

e Step 4. Create map windows with RGB composition of source and target image and set the
simultaneous view of both windows. Slide and zoom the view to the range of the target
image (Fig. 27).

-
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|14 14) Dual Pol Ratio Intensity VW+VH RGB - subset_1_of S18_IW_SLC_15DV_20170918T150057_20170

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

AP_workshops\exercise_10\dest\subset_1_of_S18_IW_SLC_1SDV._201709187150057... = | & [HSEHN
Q- .

=l Fdd P VA UO!l~ZT S8BE 2 XEro@ANNVEOOR: BV OAEETACWO® DEEHD
Product Explorer x | Pixel Info @ [ [ DuslPol Rato < HE0E g
# @ [1S18_IW_SLC__1SOV_20170918T 150057_201709 18T 150124_007448_00D258_2963_Cal_deb_Spk_TC § o

4@ [4] subset_1_of_S18_IW_SLC_1SOV_20170918T150057_20170918T150124_007448_000258_2963_Col_de.

ER———

Navigation - (4] RGB | Colour Manipulati... x | Uncertainty Visuak... | World View & | (1B 141 Ouai Pol Rato Intensity WHHRGE x.

Red ®Green OBue oW
| B
Uy | 2% %
o 1S
ax: 5022 o ey
o sattes
aa
®
.
).
2 More Options (2]

Note that despite difference in colorization of the images (which is tailored only to the change of
the histogram statistics) in the common part the images provide the same information.

e Step 5. The new data was created and added in Product Explorer tab, but the files was not
stored on the hard drive. To save created dataset, select it on the list in Product Explorer
and set File — Save Product As... or point dataset with right mouse button and choose Save
Product As... from the list to open the data saving window (Fig. 28).

+ % [2] S2A_MSIL1C_20170919TQT "= === = mm mrsmms s s _.
Band Matbhs...

Add Elevation Band
Add Land Cover Band

[ V | Group Nodes by Type
Open RGB Image Window
Open HSV Image Window
Close Product
Close All Products
Close Other Products

Save Product

Save Product As...

§ Ctri+X

Copy Ctrl+C

Paste Ctrl+V
Delete

Properties

Fig. 28. Placement of Save as... option

e Step 6. In new opened window open navigation panel Save in:, select hard drive Local Disk
(C:) and go to the | \ESA_SNAP_workshops\exercise_10\dest (Fig. 29).

-
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File name: subset_1_of_S1B_IW_SLC__15DV_20170918T150057_201709 18T 150124_007448_00D258_2963_Cal_Deb_Spk_TC.dm| | Save |

Files of type:  [BEAM-DIMAP product files (*.cim) v Cancel |

Fig. 29. Data saving window of ESA SNAP software.

e Step 7. Leave the new file name (File Name) as default and save the image with [ R |
button.
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2.5 Area of interest clipping

Limiting the source dataset with rectangular bounding box is not always satisfied to reach
appropriate target data. Sometimes clipping source data to irregular shape of area of interest (AOI)
is also needed. In this case Land/Sea Mask tool of ESA snap is very useful. To perform the
operation, the vector layer which defines border of clipping is necessary.

Exercise 11 Clipping the Sentinel-1 image to the area of interest

24

Step 1. Add the Sentinel 2 data from ||ESA_SNAP_workshops\exercise_11\src directory,
(or use the target file from exercise 10).

Step 2. Select the added file from the list in the Product Explorer tab and run vector file
import window by Vector — Import — ESRI Shapefile (Fig. 30).

Raster Optical Radar Teols Window Help

S -4
E‘}% New Vector Data Container P.A lA_J IM" P
1 = ||

E 5 75643 |

Import » SeaDAS 6.x Track
L Export i " ,.’. Vector from CSV
BRI TR W (it easscrritae
ESRI Shapefile
&/ In-Situ Data Access

Fig. 30. Placement of ESRI shapefile import tool

Step 3. Find vector layer AOLshp in |\ESA_SNAP_workshops\exercise_11\src directory
and add to previously selected raster file using Open button.

Step 4. Create map window with data visualization and look how vector data was shown on
the satellite image.

Step 5. Run the window of area of interest clipping tool by Raster — Masks — Land/Sea
Mask (Fig. 31).

Step 6. In I/O Parameters tab in Source Product section choose the name of the added
image from the drop-down list.

Step 7. In Target Product section set the target directory as
\\ESA_SNAP_workshops\exercise_11\dest and the name of the masked file. By default it
is the name of the source file with msk suffix. Mark Open in SNAP checkbox to load new
created data in Product Explorer tab.

_/
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File Help

1/O Parameters | Processing Parameters
Source Product
source:
'[2] subset_1_of S1B_IW_SLC__1SDV_20170918T150057_2017091... v |[... ]

Target Product
Name:
|)918T 150057_20170918T150 124_007448_000253_2963_CaI_Deb_Spk_Tc_msk]

[l Save as: [BEAMDIMAP v |
Directory:
ic:\E04B9\Norkshops\Armenia\SNAP_workshops\exerdse_ll\dest |
[¥] Open in SNAP

Fig. 31. The source and target data definition of the AOI clipping operation

e Step 8. In the Processing Parameters tab mark the option Use Vector as Mask and from the
drop-down list choose the layer added in Step 3. vector layer. Leave the other settings as

default and run the resampling with button.

File Help

I/O Parameters I Processing Parameters

Source Bands: Intensity_VH
Intensity_VV

() Mask out the Land
() Mask out the Sea
[¥] Use SRTM 3sec

(® Use Vector as Mask

o)
[ Invert Vector

Fig. 32. AOI clipping parameters settings
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e Step 9. Create the map windows with RGB composition of source image and image after
AOI clipping, and set the simultaneous view of both windows (Fig. 33). In the panel Layer
Manager (on the right side of application window) unmark visibility of vector layer AOL.

L I0) m«w VV - [subset_1_of_S1B_IW. stc 1snvgowomnsoon_zm709151150124 007448, Wmﬂu 11\dest\subset_1_of_S1B_IW_SLC_1SDV. zoumuansoosuowomnsmz_l_-_j_g-
File Edit View Analyss dor Tools W

Layer Vector Raster Optical R Vindow Help
a s o P - & ,” or Al @ I L.

Product Explorer x | pixel Info

a AGNVEYOR \ dkBiv OEZTAoWo e IEE

Mavigation - [S]R... x _Colour Manipulatio... | Uncertainty Visual... | World View

TEAAPP

Fig. 33. The result of the area of interest clippiné 7

Note that the borders of clipped area are exactly the same as the range of the vector layer.

26
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2.6 Band calculator

Every raster image is in fact the table of the values (matrix) which makes performing arithmetic

and logical operations on images possible, which allows to extract needed information from the
satellite data.

Exercise 12 Arithmetic operations on the Sentinel-1image bands

e Step 1. Add the Sentinel 2 data from ||ESA_SNAP_workshops\exercise_12\src, directory
(or use the target file from exercise 11).

e Step 2. Run the band calculator window by Raster — Band Maths.

e Step 3. Set image on which the calculations will be performed as the layer added in Step 1.,
name the new layer as intensity_div, unmark the Virtual option and run the expression
creator with Edit Expression button (Fig. 35).

=] Band Maths Expression Editor -
Data sources: Expression:
Intensity VH e+ @ ]'Intensity_‘v‘v‘ / Incensity_VHI
Intensity VV _
20I ¢ ‘
e*e
e/ e
@ |
Constants... v
Show bands OpErarors s Y
F ions...
show masks unctions v
Show tie-point grids
- x| © v
= i 9 o raumn
‘ OK H Cancel ‘ l Help |

Fig. 34. Edit expression window of band calculator of ESA SNAP software

e Step 4. In new opened window type Intensity_VV/Intensity_VH — the operation of dividing
pixel values of backscatter intensity in VV polarisation by corresponding values of
backscatter intensity in VH polarisation. If the control of typed expression does not return

any errors (,,Ok, no errors” statement), confirm the expression with OK button and run the
calculation with OK button in the Band Maths window.

- | Band Maths 7]

Target product:
[1] subset_1_of S1B_IW_SLC__1SDV_20170918T150057_20170918T150124_007448_00D258_2963_Cal_Deb_Spk_TC_msk v
Name: intensity_div
Description:
Unit:

Spectral wavelength: 0.0

[] ¥irtual (save expression only, don't store data}

NaN

Band maths expression:
Intensity_VV / Intensity_VH

cotpen. |

‘ OK H Cancel H Help ‘

Fig. 35. The band calculator parameters definition

e Step 5. The new layer was calculated and automatically opened in map window. Close this
window and open map window with RGB composition of the source raster layer.

__/
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Note that Blue band of the default composition is a realization of the expression from the
previous step.

= | Select RGB-Image Channels -
Profile:
Dual Pol Ratio Intensity VV+VH (modified) v 3 [
Red: |Intensity VV v E
Green: |Intensity VH v E]
Blue: |intensity div V. E]

Expressions are valid

[ ] Btore RGB channels as virtual bands in current product

I OK ]I Cancel H Help ]

Fig. 36. Change of the default RGB composition band to the band from the exercise

e Step 6. Open new map window, in which default Blue band will be changed to intensity_div
layer created during the exercise. Open this two map windows simultaneously (Fig. 37).

A [1] Dual Pol Ratio Intensity VV+VH RGB - subset_1_of S1B_IW_SLC_ 1SDV_20170918T150057_20170918T150124_007448_00D25B_2963_Cal_Deb_Spk_TC_msk - C:\EO4EP\workshops\Armen...| = | & -
Q- se Ctrl+T

BaseXEreassNyRoORE ¥

@@ ¢

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

aRHE TS JPIQ AL UNOME Y DB

[+

«

Product Explorer x | Pixel Info =1 || B [1] Dual Pol Ratio Intensity WW+VHRGB  x
=-&8 [1] subset_1_of S1B_IW_SLC_ 1SDV_20170918T150057_20170

402 Metadata

(@3 Vector Data

=-&3 Bands

i@ Intensity_VH

Aleiq prpoid

B intensity_w
B intensity_div
- Masks

iabeueyy sahe (f)

< n

seBeuely el U

Navigati... x | Colour M... Uncertain... = World View

[ [1] Dual Pol Ratio Intensity VWW+VHRGB () x

TELPOIP .

2701.21: 1 = 0° C@

X =Y - Lat —Llon - Zoom — Level - (<]

Fig. 37. Comparison of default (bottom) RGB composition of the image with composition
with the layer created during exercise (upper)

Note that both visualisations present exactly the same information.

e Step 7. Image with new calculated band could be export in that form for allowing to RGB
visualisation of that composition in any GIS software without doing on-the-fly calculation.
Select image with three bands in Panel Explorer tab and choose File — Export —

GeoTIFF/BigTIFF.

_/
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GeoTIFF is a universal graphic format supported by the most of the software dedicated to
spatial information processing which allows also to save the georeference of the data.

e Step 8. In new opened window open navigation panel Save in:, select hard drive Local Disk
(C:) and go to the |\ \ESA_SNAP_workshops\exercise_12\dest.

e Krok 9. Leave the new file name as default and export the image with button.

__/
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3 Optical images processing tools

3.1Spectral indices

The spectral indices calculations allows to extract or underline on the optical image information
about condition of vegetation, presence of the water and other features demand by user. The

Sentinel-2 images, because of the wide range of spectral bands are very good source for that type of
processing.

Exercise 13 Spectral indices calculations on the Sentinel-2 image

30

Step 1. Add the Sentinel 2 data from ||\ESA _SNAP_ workshops\exercise 13\src
directory,( or use the target file from exercise 9).

Step 2. Run the window of NDVI calculation by Optical — Thematic Land Processing —
NDVI Processor (Fig. 38).

Step 3. In I/O Parameters tab in Source Product section choose the name of the added
image from the drop-down list, on which NDVI will be calculated.

A NDVI [x]

File Help

1/O Parameters | processing Parameters |
Source Product

source:

[1] 52A_MSIL 1C_20170830T074611_N0205_R 135_T38TMK_20170830T074857_resampled_re... v |[... |

Target Product
Name:

S2A_MSIL1C_20170830T074611_N0205_R135_T38TMK_20170830T074857_resampled_reprojected_ndvi

Save as: BEAM-DIMAP v

Directory:

C:\EO4EP\workshops\Armenia\SNAP_workshops\exercise_13\dest E}
[w] Open in SNAP

Fig. 38. The source and target data definition for the NDVI calculation

Step 4. In Target Product section set the target directory as
\\ESA_SNAP_workshops\exercise 13\dest and the name of created file. By default it is the

name of the source file with ndvi suffix. Mark Open in SNAP checkbox to load new created
data in Product Explorer tab.

Step 5. In Processing Parameters tab set Red source band as B4 and NIR source band as
B8, and run the process with button (Fig. 39).

: | NDVI =

File Help

I/O Parameters Processing Parameters [

Red factor:
NIR factor:
Red source band: B4

NIR source band: |88

Fig. 39. The NDVI calculation parameters settings

_/
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e Step 6. Create map windows of RGB composition of the source image and NDVI image and

set the simultaneous view of both windows. Compare the land cover in bright and dark
areas. (Fig. 40).

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Qr Search (Ctrl+])
AR DE LI PIQ A UOWEY FRBELTCETHoQAAGNVEIORE ¥ s

Product Explorer x | PixelInfo | =
#-& [1] S2A_MSIL1C_20170830T074611_NO20S_R135_T38TMK_20170 | it
=& [2] S2A_MSIL1C_20170830T074611_N0205_R135_T38TMK_2017(
-3 Metadata *
(@2 Flag Codings
-3 Vector Data
=-&3 Bands

[ ndvi

@ ndvi_flags
#- (@ Masks

Fig. 40. Comparison of calculated NDVI and RGB composition of Sentinel-2

Note that areas covered by green vegetation (forest, grasslands, crops) reach high (bright) values
of NDVI. General range of the NDVI values is <-1 ; 1>.
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3.2 The comparison of Sentinel-2 images with the high
resolution images

The Sentinel-2 imagery offers the best spatial resolution from all the free of charge optical data, but
they do not exhaust the current possibilities of satellite imaging technology. 10 meters of size pixel
is enough to create exact processing and value added data for the agricultural and less urbanized
areas. More exact, commercial satellite data shows their advantages mainly in the cities, where
spatial resolution in meters is not enough for precise analysis.

Exercise 14 Comparison of Sentinel-2 and VHR Pleiades data.

e Step 1. Add the Sentinel 2 data from |\ESA_SNAP_workshops\exercise_14\src directory.

e Step 2. Add to the workspace also the VHR Pleiades image yerevan_pleiades.tif from the
same directory.

e Step 3.Create map windows with RGB composition of both images
o Sentinel 2: Red — B4, Green — B3, Blue — B2,
o Pleiades: Red — 1, Green — 2, Blue - 3,

e and set simultaneous view of both windows. Zoom to the area of the city of Yerevan to be
able to distinguish individual building. Compare the quality of the images.

Fll Edit View Analysis Layes Vector Raster Optical Radar Tools Window Help ; 5 o »-J- +
SR DCE SSJPIR A UWORIETI IRTACTEXTrPAASNVEORE \ ¢ BV 2ZEE 2T 2A0UW0 @ NEEHD
Product Explorer x| Pixel Info = [@iwre «| _ OIPE g

+ @ (1 yerevan pleades_1
- [2 subset 0_of 524 MSILIC ; _NO20S_R135_T38TMK. resal

E 4

i
Y

: ) l&G)lVY 1:;5' Lat 40°10'11° 137°E luunémjiltl Levell @
Fig. 41. Comparison of the Sentinel-2 image (10 m spatial resolution, upper) with Pleiades
VHR image (0,5m spatial resolution, bottom), Yerevan, Armenia

_—/
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4 Radar data processing tools

4.1Calibration
Radar image calibration aims to associate the pixel value of the scene directly with the microwaves

reflection from the surface of the image. In fact, non-calibrated image allows to performing the
qualitative analysis, but the analysis with quantitative methods are possible only after calibration.

Exercise 15 Calibration of Sentinel-1 image

e Step 1. Add to the ESA SNAP workspace Sentinel-1 source file from the
\\ESA_SNAP_workshops\source_data directory.

e Step 2. Run the calibration tool window by Radar — Radiometric — Calibrate (Fig. 42).

e Krok 3. In I/O Parameters tab in Source Product section set the added file from the drop-
down list.

& Calibration -
File Help

Y — 1
1/O Parameters | processing Parameters |

Source Product
source:
[1] S1B_IW_SLC__1SDV_20170918T150057_20170918T150124_00... v [I]

Target Product
Name:
SLC__1SDV_20170918T150057_20170918T150124_007448_00D25B_2963_Cal
Save as: BEAM-DIMAP v
Directory:
C:\E04EP\workshops\Armenia\SNAP_workshops\exercise_15\dest

Open in SNAP

Fig. 42. The source and target data definition for the calibration process of Sentinel-1 image

e In Target Product section set the target directory as
\\ESA_SNAP_workshops\exercise_15\dest and the name of the calibrated file. By default
it is the name of the source file with Cal suffix. Mark Open in SNAP checkbox to load new
created data in Product Explorer tab.

e Step 5. In Processing Parameters tab mark Save as complex output checkbox and both
polarisations (left mouse button with pressed [Ctrl] button) and run the calibration process

with button (Fig. 43).

_/

ESA SNAP Workbook created by gaskEr POLSKE 33



e

eastern
> european region
eousd

File Help

1/O Parameters | Processing Parameters

Polarisations:

[v] Save as complex output
Output sigma0 band

[} output gamma0 band
[] output beta0 band

Fig. 43. The calibration process parameters settings

__—
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4.2 Debursting

Sentinel-1 data for single image are collecting with three swaths, which needs to be joined for the
whole scene processing. This operation is called debursting.

Exercise 16 The Sentinel-1 image debursting operation

e Step 1. Add to the ESA SNAP workspace source file from the
\\ESA_SNAP_workshops\exercise_15\src directory (or use the target file from exercise
15).

e Step 2. Run the debursting tool window by Radar — Sentinel-1 TOPS —Sentinel-1 TOPS
Deburst (Fig. 44).

e Step 3. In I/O Parameters tab in Source Product section set the added file from the drop-
down list.

& S-1 TOPS Deburst 3
File Help

1/0 Parameters | Processing Parameters |

Source Product
source:
[2] S1B_IW_SLC__ 1SDV_20170918T150057_20170918T150124 00... w I:I

Target Product
Name:
__1SDV_20170918T150057_20170918T150124_007448_00D258_2963_Cal_deb

Save as: BEAM-DIMAP v
Directory:
C:\ED4EP\workshops\Armenia\SNAP_workshops\exercise_16\dest E]

[w] Open in SNAP

Fig. 44. The source and target data definition for the debursting process of Sentinel-1 image

e Step 4. In Target Product section set the target directory as
\\ESA_SNAP_workshops\exercise_16\dest and the name of the debursted file. By default
it is the name of the source file with deb suffix. Mark Open in SNAP checkbox to load new
created data in Product Explorer tab.

e Step 5. In Processing Parameters mark both i olarisations, which will qualify them to the
process and run the debursting process with &0 |hutton (Fig. 45).

__/
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File Help

I 1/O Parameters | Processing Parameters |

Pdar‘sam
vV

Fig. 45. The debursting process parameters settings
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4.3 Speckle filtering
Looking at the raw radar image it is simply to assume that all of it is cover by a ,fog”, which

disturbs the perception of the information from the image. This noise is called ,speckle”, which is
available to delete in speckle filtration process.

Exercise 17 Speckle filtering of Sentinel-1 image

e Step 1. Add to the ESA SNAP workspace source file from the
\\ESA_SNAP_workshops\exercise_17\src directory (or use the target file from exercise
16).

e Step 2. Run the speckle filtering tool window by Radar — Speckle Filtering —Single
Product Speckle Filter (Fig. 46).

e Step 3. In I/O Parameters tab in Source Product section set the added file from the drop-
down list.

& Single Product Speckle Filter -
File Help

1/O Parameters | Processing Parameters |

Source Product
source:
[3] S1B_IW_SLC__1SDV_20170918T150057_20170918T150124 00... v |[... ]

Target Product
Name:
JV_20170918T150057_20170918T150124_007448_00D25B_2963_Cal_deb_Spk

Save as: BEAM-DIMAP v
Directory:
C:\E04EP\workshops\Armenia\SNAP_workshops\exercise_17\dest

[¥] Open in SNAP

Fig. 46 The source and target data definition for the despeckle process of Sentinel-1 image

e Step 4. In Target Product section set the target directory as
\\ESA_SNAP_workshops\exercise_17\dest o and the name of the filtered file. By default it
is the name of the source file with Spk suffix. Sign Open in SNAP checkbox. Mark Open in
SNAP checkbox to load new created data in Product Explorer tab.

e Step 5. In Processing Parameters tab set Filter as Refined Lee and run the despeckle
process with button (Fig. 47).

__/
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& Single Product Speckle Filter -
File Help

1-170 baramehersl Processing Parameters [

i_VH

q_VH
Intensity_VH
i_wW

q_VV
Intensity_VV

Source Bands:

Filter: Refined Lee HEY)

Fig. 47. The despeckle process parameters settings

e Step 6. Create map windows with RGB composition of the image before and after speckle
filtering and set simultaneous view of both windows. Compare how the perception of the
image increased thanks to despeckle process (Fig. 48).

File Edt View Anahysis Layes Vector Raster Optical Radar Tools Window Help a-

aw Fhd P A2 UWOKET B XS oA \NVE9OR: ¢tV OEECT A 0O @ DEEHD

* | Pixel Info = [ (3] oual Pl Ratio R x OIPE
_201709157150057_20
70918

(= 1o

20170918 g _007448_000258
1SOV_20170918T150057_20170918T 150124_007448_00D258_296:

Ao prpoid 1

b

ro—

Navigation - [3... x| Colour Manipula... | Uncertainty Visu... | World View 180 4] Dual Pol Rato Interaty WAVHRG x.

@
™
@
@
5
L%

Lt -l - Zoom - Level @

Fig. 48. Comparison of image before (upper) and after (bottom) deéﬁeckle operation

I
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4.4 Terrain Correction

The arrangement of Sentinel-1 image directly read from the source files reflects the direction of
satellite flight over the collecting terrain and has only approximate georefence. For this reason to
effective work with radar data performing the terrain correction is necessary

Exercise 18 Terrain Correction of Sentinel-1 image

Step

1. Add to the ESA SNAP workspace source

the

\\ESA_SNAP_workshops\exercise_18\src directory (or use the target file from exercise

17).

Step 2. Run the terrain correction tool window by Radar — Geometric —Terrain
Correction — Range-Doppler Terrain Correction (Fig. 49).

Step 3. In I/O Parameters tab in Source Product section set the added file from the drop-
down list.

& Range Doppler Terrain Correction -

File Help

1/O Parameters | processing Parameters

Source Product
source:
[4] S1B_IwW_SLC_ 1SDV_20170918T150057_20170918T150124_007448_00D25B_... w B

Target Product
Name:
V_SLC__1SDV_20170918T150057_20170918T150124_007448_00D258_2963_Cal_deb_Spk_TC

[] Save as: BEAM-DIMAP v

Directory:

C:\E04EP \workshops\Armenia\SNAP_workshops\exercise_18\dest
[] Open in SNAP

Fig. 49. The source and target data definition for the terrain correction process of Sentinel-1

Step

data

4. In Target Product section set the target

as

\\ESA_SNAP_workshops\exercise_18\dest and the name of the file after terrain
correction. By default it is the name of the source file with TC suffix Mark Open in SNAP
checkbox to load new created data in Product Explorer tab.

Step 5. In Processing Parameters tab set the starget piksel size (Pixel Spacing) as 10 meters
and run the terrain correction process with button (Fig. 50).

__/
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& Range Doppler Terrain Correction -

File Help

T N R
rI/o Parameters | Processing Parameters}

Source Bands: Intensity_VH

Intensity_VV
Digital Elevation Model: SRTM 3Sec (Auto Download) v
DEM Resampling Method: BILINEAR _INTERPOLATION v
Image Resampling Method: BILINEAR _INTERPOLATION v
Source GR Pixel Spacings (az xrg):  13.93(m) x 3.65(m)
Pixel Spacing (m): 10.0
Pixel Spacing (deg): 8.983152841195215E-5
Map Projection: l WGS84(DD)

Mask out areas without elevation Output complex data
Output bands for:
[v] Selected source band []oEm [[] Latitude & Longitude

[ Incidence angle from ellipsoid || Local incidence angle [ | Projected local incidence angle

["] Apply radiometric normalization
Save Sigma0 band Use projected local incdidence angle from DEM
Save Gamma0 band Use projected local incidence angle from DEM
Save BetaO band

Auxiliary File (ASAR only): Latest Auxiliary File

Fig. 50. Terrain correction parameters settings

e Step 6. Create map windows with RGB composition of the image before and after terrain

correction. Unmark the simultaneous view (in Navigation tab) because the ima
now in different coordinates systems (Fig. 51).

Q-

Fle £6t View Anshyis Layer Vector Raste Opticl Radar Toos Window Help
% Fadd PRV UOMIAT GBS

= | 14 s ol ot

Navigation - [5... x| Colour Manipula... | Uncertainty Visu... | World View = | @R

TEABPp

Fig. 51. Comparison of Sentinel-1 image before (upper) and after (. bottom):té;'rain

-
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5 Processing paths creation and processing automation

During the performing exercise 1-17 it can be noted that some processes are connecting into series,
when the target image of one process become the source of the next one. Thanks to the
GraphBuilder tool there is a possibility of automatic transistion through several processes and
saved only the target data from the last of them.

Exercise 19 Automation of optical images processing

e Step 1. Run the GraphBuilder tool by Tools — GraphBuilder or by the ¥ icon (Fig. 52).

e Step 2. Load with button prepared file Sentinel-2_graph.xml with processing graph
from | \ESA_SNAP_workshops\exercise_19\src directory.

= | Graph Builder : Sentinel-2_graph.xml -

File Graphs

| Read Husample l——-)'knproject]——-)'lmport-vmr HLand-Sel-Muk I-—)I Subset |.—;| Write I

< m >

lyRerad I Reproject l $ubset! Land-S_ga-Mas!( [ Import-Vector : Resample \ Writeri

Define size of resampled product

(O By reference band from source product:

(O By target width and height:

(® By pixel resolution (in m): Resulting target width: 10980

Resulting target height: 10980
Upsampling method Nearest v
Downsampling method First vlis
‘ @ Load \ g; Save ’\/ Clear ‘r _/r Note H @ Help H b Run

Fig. 52. GraphBuilder tool window

e Step 3. Validate the parameters entered into graph (and it is needed — correct them)
starting with source data through values in particular processes, to directory and name of
target files. Especially:

o Read block: Sentinel-2 image from |\ESA_ SNAP_workshops\source_ data
directory;

o Resample block: By pixel resolution (in m) option with value 10;
o Reproject block: Predefidned CRS option with coordinate system WGS84 set;

o Import-Vector block: AOILshp file from |\ESA_SNAP_workshops\exercise_18\src
directory, unmarked Separate shapes checkbox;

o Land-Sea-Mask block: Use Vector as Mask option with selected AOI layer;

__/
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o Subset block: Geographic Coordinates option, after zoom to image range (red frame)

on the map, yellow area of clipping terrain should be placed inside image range.
Navigation: right mouse button — sliding, scroll wheel — zoom;

o Write block: the name of read file from Read block, marked save into
\\ESA_SNAP_workshops\exercise_18\dest directiory and Open in Snap option.

e Step 4. When all the parameters were entered correctly and GraphBuilder does not return
any errors, run the process path with button.

e Step 5. When the processing is done, open the map window with RGB composition of target

image. It was in sequence: resampled, reprojected, subset to close range and to the specific
irregular area of interest (Fig. 53).

e [=1o .
aXE oA NVEYOR: \tliv OEEZTA0WOE

" _20170830T074657
# @ [2) Empty_rojected 524 MSEIC_20170915T074611_NO20S_R135_T38TIM_20170918T075643 |

Navigation - [2] ... | Colour Manipul... x| Uncertamty Visu... | World View =

Red () Green O Bue

2 More Optons L2

Lon Zo0m - Lavel <)

Fig. 53. The effect of performing the series of operations on Sentinel-2 image by processing
path collected in graph

_—/
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Exercise 20 Automation of optical images processing, graph building

e Step 1. Run the GraphBuilder tool by Tools — GraphBuilder or ¥ icon.

Step 2. Clicking right mouse button in graphic window of GraphBuilder add calibration

block by Add — Radar — Radiometric — Calibration (Fig. 54).

= | Graph Builder -
File Graphs
~
(=0
Add » || &d  Input-Output »
Connect Graph L. Optical 4
L Radar *» || kd  Coregistration
«d Raster » | ENVISAT ASAR
wd Tools » | Geometric
< n wul Vector * | L Interferometric
Q"We’: 4 AerosolRetrieval.52.Master L Polarimetric
Source Product i SmosNetcdfExport L Radiometric
Name: L. SAR Applications
L.l SAR Utilities
L Sentinel-1 TOPS
Data Format: v Ll Speckle Filtering
4 Apply-Orbit-File
i Multilook
Source product not selected
@ Load | & Save ” %\/ Clear :ﬁ Note H @ Help II [> Run

v v v vivi v v v v ¥

Lo - -

Calibration
RemoveAntennaPattern
Terrain-Flattening

ThermalNoiseRemoval

Fig. 54. Adding new block to ESA SNAP Graph Builder

Step 3. Clicking right mouse button in graphic window of GraphBuilder add debursting

block by Add — Radar — Sentinel-1 TOPS — TOPSAR Deburst,;

Step 4. Clicking right mouse button in graphic window of GraphBuilder add despeckle
block by Add — Radar — Speckle Filtering — Speckle-Filter;

Step 5. Clicking right mouse button in graphic window of GraphBuilder add terrain
correction block by Add — Radar — Geometric-Terrain-Correction — Terrain-Correction;

-
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File Graphs

[<]

| write [ calibration | TOPSAR-Deburst | Speckle Filter | Terrain-Correction

ce Product

Name:

| [1] 518_1W_SLC__15DV_20170918T150057_20170918T150124_007448_00D258_2963

Any Format +

Data Format:

Graph is incomplete

B | By | o | @ | @rer | Do |

Fig. 55. Graph Builder tool window with added blocks creation for process path creation

e Step 6. Place (by drag&drop) added block into a path Read — Calibration — TOPSAR
Deburst — Terrain-Correction — Speckle-Filter — Write i polacz je ze soba (Fig. 56).

File Graphs

T Y

Read | Write | Calibration | TOPSAR-Deburst | Speckle-Filter | Terrain-Correction

<] [

Source Bands: i_VH Led
q_VH
Intensity_VH
W
QW
Intensity_VV -
Digital Elevation Model: SRTM 3Sec (Auto Download) v
DEM Resampling Method: |BILINEAR _INTERPOLATION v/ ]
Image Resampling Method: |BILINEAR_INTERPOLATION v/
Source GR Pixel Spacings (azxrg):  13.93(m) x 3.65(m)
Pixel Spacing (m): [1393 |
Pixel Spacing (deg): |1.25135319077849334 |
Map Projection: [ WGSB4(DD) | T

(B B [ Bow [Fre [ @ [ Drwn |

Fig. 56. Connection the graph blocks into a processing path
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e Step 7. Passing one by one through every block add Sentinel-1 source file from
\\ESA_SNAP_workshops\source_data directory, set parameters of subsequent operations

analogous to exercises 15-18
\\ESA_SNAP_workshops\exercise_20\dest.

and

define target

File Graphs

= | Graph Builder : Sentinel-1_graph.xmi

Filter Write

| Read |._.| Calibration |._.| TOPSAR-Deburst H*

in-Correction

< m

;Rieﬂadi Write | Calibration | TOPSAR-Deburst | SpeckleFilter | Terrain-Correction

Target Product

Name:

[v] Save as:  BEAM-DIMAP v
Directory:
C:\E04EP \workshops\Armenia\SNAP_workshops\exercise_20\dest

[w] Open in SNAP

S1B_IW_SLC__1SDV_20170918T150057_20170918T150124_007448_00D25B_2963_Cal_Deb_TC_Spk

l @Load H&Save H 9(1:, Clear H @Note H @Help H i>Run l

Fig. 57. Ready graph with created processing path

e Step 8. Save graph as

Sentinel-1_graph.xml

directory

file

as

in

\\ESA_SNAP_workshops\exercise_20\dest directory and run the processing path with

button .

N i —_—T

e Xgrpasg VRSO R: |

-
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Figure 58. The effect of performing the series of operations on Sentinel-1 image
processing path collected in graph
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