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Objectives

By the end of this exercise, you will:

- Know where to access SAR data

- Know how 1o use the Sentinel-1 Toolbox to process SAR data

- Be able to generate a flooding classification from a SAR image

- Be able 1o use Google Earth Engine to generate flood
classifications from SAR images
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Requirements

» Sentfinel Toolbox installed in your computer
— http://step.esa.int/main/download/
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Note

This is a three-part exercise:
« Part 1 will focus on access and processing of Sentinel-1 SAR data
« Part 2 will focus on generating a flood classification using SNAP

« Part 3 will focus on generating a flood classification using Google Earth Engine
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Part 1;: Outline

« Download Sentinel-1 images through the Alaska Satellite Facillity
website

« Subset the iImage
 Perform radiometetric correction
« Apply a speckle filter

» Perform geometric correction
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Sentinel-1 Coverage

« Sentinel-1
— Two satellites: A & B

— Each satellite has
global coverage
every 12 days

— Global coverage of 6
days over the equator

when using data from
both satellites
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Sentinel-1: Modes of Aquisition

1. Extra Wide Swath — for
monitoring oceans and coasts

2. Strip Mode - by special order
only and infended for special
needs

3. Wave Mode —routine collection -
for the ocean

4. Interferometric Wide Swath — >
routine collection for land '")2

Flight Direction

Sub-Satellite Track

Orbit Height
~700 km

Wave Mode

Interferometric Wide Swath
Mode
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How to Access Sentinel-1 Images

« Alaska SAR Facility
- http://www.asf.alaska.edu/sentinel/

« European Space Agency Portal
— http://sentinel.esa.int/web/sentinel-data-access/access-to-sentinel-

data/
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http://www.asf.alaska.edu/sentinel/
http://sentinel.esa.int/web/sentinel-data-access/access-to-sentinel-data/

Sentinel-1 Toolbox

* An open source software developed by ESA for processing and analyzing
radar images from different satellites

* |Includes the following tools
— Cadlibration
— Speckle noise
— Terrain correction
— Mosaic production
— Polarimetry
— Interferometry
— Classification
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Accessing Sentinel-1 Data

Go to the Alaska Satellite Facility Sentinel Data Portal: hitps://vertex.daac.asf.alaska.edu/

|dentity your area (76.77,7.97,77.41,8.25,76.9,10.31,76.18,9.43,76.77,7 .97)

ldentify images of interest (Senfinel-1 A/B)

Worid Map| South

........

\\\\\\\\\

Click on “Search” at the bottom of the page 20 2

PALSAR 200620110 T

2ne-2011 T
19952008

from Jul. 4, 2018. Path 165 Frame 563. This image represents conditions before the flood.
Download the L1 Detected High-Res Dual-Pol (GRD-HD) Product

Select granule STA_IW_GRDH_1SDV_20180821T004109_20180821T004134_023337_0289D5_B2B2
from Aug. 21, 2018. Path 165 Frame 563. This image represents condifions after the flood.

Download the L1 Detected High-Res Dual-Pol (GRD-HD) Product
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............

Select granule STA_IW_GRDH_1SDV_20180704T004106_20180704T004131_022637_0273E1_B4BO'



https://vertex.daac.asf.alaska.edu/

‘ Accessing Sentinel-1 Data

Granule Information Granule Information
Data courtesy of ESA Data courtesy of ESA

Dataset: Sentinel-1A

Dataset: Sentinel-1A
Granule: S1A_IW_GRDH_1SDV_20180704T004106_20180704T004131_022637_0273E1_B4B0

Granule: S1A_IW_GRDH_1SDV_20180821T004109_20180821T004134_023337_0289D5_B2B2

Granule Details Granule Details

« Acquisition Date: 2018-07-04

Beam mode: IW

Path: 165

Frame: 563

Ascending/Descending: Descending
Polarization: VW+VH

Absolute Orbit: 22637

Frequency: C-Band

Acquisition Date: 2018-08-21

Beam mode: IW

Path: 165

Frame: 563

Ascending/Descending: Descending
Polarization: VV+VH

Absolute Orbit: 23337

Frequency: C-Band

o
0
Products Download
Full Resolution Browse Image Products Download
L1 Detected High-Res Dual-Pol (GRD-HD) =+ Queue 9 Full Resolution B |
* Download L1 Detected High-Res Dual-Pol (GRD-H + Queus yl-Hesoltion Browse mage
..... 12.43 MB) X Download
L2 Ocean (OCN) (5.70 MB) =+ Queue
X Download L2 Ocean (OCN) (5.69 MB) + Queue
X Download
L1 Single Look Complex (SLC) (3.49 GB) =+ Queue
. Download L1 Single Look Complex (SLC) (3.43 GB) + Queue
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Opening the Data with the Sentinel Toollbox

1. Inifiate the Sentfinel Toolbox by clicking on its desktop icon

2. In the Sentinel Toolbox interface, go to the File menu and
select Open Product

3. Select the tolder containing your Sentinel-1 file, and double
click on the .zip file (do not unzip the file; the program will do
it for you). Open the second file

National Aeronautics and Space Administration Applied Remote Sensing Training Program
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‘ Opening the Data with the Sentinel Toollbox

4. The Product Explorer window of the Sentinel Toolbox
contains your file. Double click on the file to view the
directories within the file, which contain information
relevant to the image, including:

[ X X ) [Empty]
o ZPle <gxro0a s T NvEO R 2
Pixel Info G}

o ciinfo | T 1) mensiy 7]
RDH_15DV.20180704T004106_20160704T004131_022637.)

« Metadata: parameters related to orbit and data

« Tie Point Grids: interpolation of latitude/longitude,
incidence angle, etc.

« Bands: intensity and amplitude (intensity is the
amplitfude squared)

uuuuuuuuuuu

5. The Worldview window (lower left) shows the footprint of
the image selected. Note that it is inverted because it is
oriented in the same way it was acquired.
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‘ Opening the Data with the Sentinel Toolbox- RGB Image

6. Go back to the Product Explorer tab
/. Select the file name of the first Sentinel-1 dataset. Afterwards, select Open RGB Image
Window to disploy a colorimage of VV, VH, and VV/VH ratio

® ® ® [1]S1A_IW_GRDH_1SDV_20180704T004106_20180704T004131_022637_0273E1_B4BO - [/Users/epodest/Downloads/S1A_IW_GRDH_1SDV_20180704T004106_20180704T004131_022637_0273E1_B4B0.zip]

ag o il T8 voaQ AN NyvEQQBR & Q- search (3+1) @}
Product Explorer £ | Pixel Info l Iw[ll Dual Pol Ratio Intensity VW+VH RGB
v &= [1] SIA_IW_GRDH_1SDV_20180704T004106 20180704T004131 022637_0|

> 3 Metadata Band Maths...

» (33 Vector Data Add Elevation Band

» O3 Tie-Point Grids Add Land Cover Band

» (3 Quicklooks

v 23 Bands v Group Nodes by Type 1

i SIS
W Ampiiude_VH Open RGB Image Window

m Intensity_VH
E Amplitude_VV
[ intensity_vv Close Product
Close All Products
Close Other Products [
Save Product
Save Product As...
Cut #X
‘ Copy #C
Paste #V
Navigation - ... lCoIour Manip... Uncertaint” Delete [¢

Properties

200 Km

Off Globe

‘ Zoom -- Level —-
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Opening the Data with the Sentinel Toolbox- Pixel Information

In the upper left window select “Pixel Info” to see the value and the lat/lon of
each pixel in the image opened

[ X N ) [Empty]
Y.y M ro0a AN vEO@OB s o seacn

I=I Position

Image-X 7944 pixel
Image-Y 6168 pixel
Longitude 77°04'23" Edegree
Latitude 8°48'44" Ndegree
[+ Time

=/ Bands

Intensity_VV 107584.00000 intensity
[+| Tie-Point Grids

I+ Flags

Snap to selected pin

Navigation - ... | Colour Manip... | Uncertainty V... | World View Layer Editor

Off Globe

X 7944 Y 6168‘Lat 8°48'44" N Lon 77°04'23"E Zoom 1:28.3
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Data Preparation
Defining a Subset

Select "Raster” and then “Subset”. Repeat the subset for the 29 image.

Specify Product Subset

| SeeukeUsiosas | Band Subset  Tie-Point Grid Subset  Metadata Subset

| el Gooeliicies - Geo Coordinates
Scene start X: 10899 ¢
Scene start Y: 0°?
Scene end X: 18511 ¢
Scene end Y: 8477 T
Scene step X: 1l°
Scene step Y: 1/(3
Subset scene width: 7613.0
Subset scene height: 8478.0
Source scene width: 25611
Source scene height: 16437
e e Fix full width

Estimated, raw storage size: 123.1M

OK Cancel Help
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Preprocessing: Geometric and Radiometric Calibration

« The objective in performing a calibration is fo create an image where the
value of each pixel is directly related with the backscatter of the surface.

« This process is essential for analyzing the images in a quantitative way. It is also

important for comparing images from different sensors, modalities, processors
or acquired at different times.
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Example: Preprocessing — Radiometric Calibration
Select YRadar- Radiometric- Calibrate”. Run on each subset.

The main radiometric
distortions are due 1o:

1.

2.

Signal loss as it
propagates

Non-uniform antenna

pattern
Difference in gain
Saturation
Speckle

National Aeronautics and Space Administration

@ snap File Edit View Analysis Layer Vector Raster Optical mm Tools Window Help

be e [3] subset_6_of_S1A_IW_GRDk

A® VW) L B
180704T004131_022637_0273E1_B4B

Apply Orbit File

(-

ag 2 il LW a oo Q

- —
roduct Explorer I Pixel Info I L I‘ 1
1L QUICKIOOKS

* & Bands
E Amplitude_VH
Ed intensity_VH
E Amplitude_VV
E3 intensity_vv
i [2] SLA_IW_GRDH_1SDV_20180821T004109_20180821T004134_023337_02
(3 Metadata
@3 Vector Data
@ Tie-Point Grids
(3 Quicklooks
* & Bands
E Amplitude_VH
E3 intensity_VH
E Amplitude_VV
1 intensity_vv
i
i

[4] subset_7_of_S1A_IW_GRDH_1SDV_20180821T004109_20180821T004134

lavigation - ... |Co|our Manip... | Uncertainty V... | World View € | Layer Editor |

Speckle Filtering

> Radiometric Terrain Flattening
Coregistration > Remove Antenna Pattern GE
Interferometric > S-1 Thermal Noise Removal
Polarimetric > Convert SigmaO to BetaO
Geometric > Convert Sigma0 to GammaO
Sentinel-1 TOPS > Create Calibration LUT TPG
ENVISAT ASAR > % o
SAR Applications >
SAR Utilities >
SAR Wizards >

Complex to Detected GR
Multilooking

( JOK J
File Help

Calibration

|/O Parameters
Source Product

source:

Processing Parameters

[3] subset_6_of_S1A_IW_GRDH_1SDV_20180704...

Target Product
Name:

1704T004106_20180704T004131_022637_0273E1_B4B0_Cal

¥ Save as:  BEAM-DIMAP

Directory:

)

/Users/epodest/Downloads /temp_sentinel_1

4 Open in SNAP

Run Close
[ JOX ) Calibration
File Help
1/O Parameters
Polarisations: VH
w
Save as complex output
.4 Output sigma0 band
Output gammao0 band
Output beta0 band
Run Close

Applied Remote Sensing Training Program

20




Example: Preprocessing — Speckle Filter
Select “Radar- Speckle Filtering- Single Product”. Apply to each subset.

« Speckle is part of radar
images and makes
interpretation difficult
because the "salt and
pepper” effect corrupts
information about the
surface

 There are many techniques
to extract information from
radar images that have lots
of speckle

— |In this case, we will use
the Lee filter

National Aeronautics and Space Administration

@ snap File Edit View Analysis Layer Vector Raster

Optical FEECEIS Tools Window Help

AO® QU Dw ~

® ® ® [6]subset_7_of S1A_IW_GRDH_1SDV_20180821T004109_20180821T004!  Apply Orbit File

)

)

Cal - [/Users/epodest/Downloads/tem
[é& A= b i [

Radiometric -
Single Product Speckle Filter

Speckle Filtering

-

s 2 Ele <X®|w o q

Product Explorer I Pixel Info |

= ] Coregistration Multi-temporal Speckle Filter

2 [1] SIA_IW_GRDH_1SDV_20180704T004106_20180704T004131_022637_027
2 [2] SIA_IW_GRDH_1SDV_20180821T004109_20180821T004134_023337_0284
2 [3] subset 6_of SIA_IW_GRDH_1SDV_20180704T004106_20180704T004131_0
2 [4] subset_7_of S1IA_IW_GRDH_1SDV_20180821T004109_20180821T004134_0
2 [5] subset 6_of SIA_IW_GRDH_1SDV_20180704T004106_20180704T004131_0

» (3 Metadata
» (@3 Vector Data
» (23 Tie-Point Grids
v =3 Bands
B Sigma0_VH
E <Siaman vv

@ [ ] Single Product Speckle Filter
File Help

Processing Parameters

Source Product

source:
[5] subset_6_of_S1A_IW_GRDH_1SDV_20180704... & | ...

Target Product
Name:

r004106_20180704T004131_022637_0273E1_B4BO0_Cal_Spk

2 save as: BEAM-DIMAP | T]
Directory:

/Users /epodest/Downloads /temp_sentinel_1

2 Open in SNAP

Run Close

Interferometric
Polarimetric
Geometric
Sentinel-1 TOPS
ENVISAT ASAR
SAR Applications
SAR Utilities
SAR Wizards
Complex to Detected GR
Multilooking

VVVVVVVYVVRAAY

[ NON ) Single Product Speckle Filter

File Help

1/0 Parameters Processing Parameters

SigmaO_VH

Sigma0_VV
Source Bands:
Filter: Lee
Filter Size X (odd number): 9
Filter Size Y (odd number): 9|
Estimate Equivalent Number of Looks 77
Number of Looks: 1.0

Run Close
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Example: Preprocessing — Geometric Calibration
Select “Radar- Geometric- Terrain Correction- Range Doppler”

The main geometric distortions
are due to:

1. Slant Range
2. Layover
3. Shadow
4. Foreshortening

* The algorithm uses a DEM to
make corrections

 The corrected image is in ifs
correct orientation
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® ® ® [8]subset_7_of STA_IW_GRDH_1SDV_20180821T0041

a% 2 n e <%

[ JOX )
File Help

Product Explorer €3 I Pixel Info |

Lo —mr e

4
[3] subset_6_of S1A_IW_GRDH_1SDV_20180704T004106_2018
[4] subset_7_of S1A_IW_GRDH_1SDV_20180821T004109_2018!
[S] subset_6_of S1A_IW_GRDH_1SDV_20180704T004106_2018
[6] subset_7_of S1A_IW_GRDH_1SDV_20180821T004109_2018
[7] subset_6_of S1A_IW_GRDH_1SDV_20180704T004106_2018
» [ Metadata
» [ Vector Data
» [ Tie-Point Grids
v 3 Bands

B sigma0_VH

E sioma0 vv

D D G G0 o ¢

Range Doppler Terrain Correction

Multilooking

Apply Orbit File L_OZSQDS_BZBZ (1)_Cal_Spk - [/Users/epodest/Downloads/temp_sentinel_1/subse
Radiometric N D \ e DI] E HEH r__]
+ “+ ] :
Speckle Filtering * 7 + (v} Q@ ¥ mm S
Coregistration
Interferometric

Polarimetric

( Stric

Sentinel-1 TOPS Ellipsoid Correction SAR Simulation

ENVISAT ASAR SAR-Mosaic SAR-Simulation Terrain Correction
SAR Applications ALOS Deskewing ,

SAR Utilities Slant Range to Ground Range

SAR Wizards

Complex to Detected GR

it

Range Doppler Terrain Correction

File Help

1/0 Parameters

Processing Parameters

Source Product

source:

[7] subset_6_of_S1A_IW_GRDH_1SDV_20180704T004106_20180704T004131_02263...

Target Product

Source Bands: Sigma0_VH
Sigma0_vV
Digital Elevation Model: SRTM 3Sec (Auto Download) [T}

DEM Resampling Method: BILINEAR_INTERPOLATION

<

| v e Image Resampling Method: BILINEAR_INTERPOLATION <]

Source GR Pixel Spacings (az x rg): 0.0(m) x 10.0(m)
Pixel Spacing (m):
Pixel Spacing (deg): "3015764205976077E-4

Name: Map Projection: WGS84(DD)
S1A_IW_GRDH_1SDV_20180704T004106_20180704T004131_022637_0273E1_B4B0_Cal_Spk_TC <@ams e
) inds for:
@ saveas: | BEAM-DIMAP =]  Selected source band DEM Latitude & Longitude
Directory: Incidence angle from ellipsoid Local incidence angle Projected local incidence angle

/Users/epodest/Downloads/temp_sentinel_1

2 Open in SNAP

Apply radiometric normalization

Save Sigma0 band Use projected local incidence angle from DEM 3
Save Gammao band Use projected local incidence angle from DEM 3
Save Beta0 band

Auxiliary File (ASAR only) Latest Auxiliary File s

Close
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Example: Preprocessing — Geometric Calibration

Select “Radar- Geometric- Terrain Correction- Range Doppler”

Aseaqi1onpoud i

Jsbeuryy 19Ae] [m

JabeURH dSep Q‘.]

== = | Lat -- Lon - | Zoom -- Level —-
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Data Preparation
Stack the two images

Select “Radar>Coregistration>Stack Tools>Create Stack

] snap File Edit View Analysis Layer Vector Raster Optical |;tlki| Tools Window Help @ [lD A Q @) O W) = 29% (i
D ® @ 9] SigmaE)_VV - subset_6_of S1A_IW_GRDH_1SDV_20180704T004106_2 App!y Orb',t File 3E1_B4B0_Cal_Spk_TC - /Users/epodest/Downloads/temp_sentinel_1/s
: , : i : ~ Radiometric > " . :
% % % % D % ;e{ T S Iz &% ! Speckle Filtering > L M ﬁ 2o i B
: Coregistration > Coregistration :
Product Expl Q P | Infi —m ; . ) .
roc e = ' Interferometric > S1 TOPS Coregistration > L ome
g Tie-Point Grids Polarimetric > DEM-Assisted Coregistration >
& .
4 Bands Geometric > Stack Tools > Create Stack
g Sigma0_VH Sentinel-1 TOPS > Cross InSAR resampling Stack Averaging
Sigma0_VV ENVISAT ASAR > . e, S Stack Split
| ] subszt_?_of_s1A_IW_GRDH_1$DV_2018082 1T004109_20180821T004134 SAR Applications >
F=aid SAR Utilities b
il SAR Wizards >
- Tie-Point Grids
= Complex to Detected GR
|/ Bands ltilooki
B Sigma0_VH Multilooking
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Data Preparation
Stack the two images

Load images
(€] @ Create Stack

2-CreateStack 3-Write

File Name Type Acqu... Track ONgjt EG:'
subset_6_of S1A_IW_GRDH_1SDV_20180704T004106_20180...
subset_7_of_S1A_IW_GRDH_1SDV_20180821T004109_20180...

Qe € » 5

I
|74

2 Products

@' Help [_f_’:: Run

National Aeronautics and Space Administration

Specify "Product Geolocation”

@ ® Create Stack
1-ProductSet-Reader | Z-CiciSicale | 3-Write
Master: subset_6_of S1A_IW_GRDH_1SDV_20180704T004106_20180704T00+

Resampling Type:

Output Extents:

Find Optimal Master

Initial Offset Method: <Product Geolocati0n>

NONE

Master

[ JON ) Create Stack

1-ProductSet-Reader  2-CreateStack | =—\l/gue

Target Product

Name:
@ RDH_1SDV_20180704T004106_20180704T004131_022637_0273E1_B4B0_Cal_Spk_TC_Stack

Save as: BEAM-DIMAP [T

Directory:

/Users /epodest/Downloads /temp_sentinel_1
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Data Preparation
Create a Multi-temporal RGB

B (11] RGB

R- Jul. 4 VV
G- Aug. 21 VH
B- Aug. 21 VV

National Aeronautics and Space Administration
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Data Preparation

Convert Values to dB and “Convert Band” so that the dB image created is

saved. R@edp@ec’r for all bands within the stack.

L11] SigmaU_VH_mst_04JulZ2018 - [subset_6_ot_S1A_IW_GRDH_TSDV_201

5 0f M ~ dece o _Dn_n i r= [14] subset_6_of S1A_IW_GRDH_1SDV_20180704T004106_20180704T0O:-
HE 7, ) (S0P i : H

& & i e % ./‘:‘:::.’ o 2 EE;C =k O > [C1 Metadata

Product Explorer | Pixel Info | =) IE » (23 Vector Data

2 [1] SIA_IW_GRDH_1SDV_20180704T004106_20180704T004131_022637_027 v ‘3 Bands

2 [2] SIA_IW_GRDH_1SDV_20180821T004109 20180821T004134_023337_028 B sigma0_VH_mst 04Jul2018

2 [3] subset_6_of SIA_IW_GRDH_1SDV_20180704T004106_20180704T004131_ B Sigma0_VV_mst 04Jul2018

2 [4] subset_7_of SIA_IW_GRDH_1SDV_20180821T004109_20180821T004134_ B < == : =

2 [5] subset_6_of SIA_IW_GRDH_1SDV_20180704T004106_20180704T004131_ Sigma0_VH_slvl_21Aug2018

2 [6] subset_7_of S1A_IW_GRDH_1SDV_20180821T004109_20180821T004134_ B Sigma0_VV_slv2_21Aug2018

2 [7] subset_6_of SIA_IW_GRDH_1SDV_20180704T004106_20180704T004131_ B Sigma0_VH_mst 04Jul2018_db

2 [8] subset_7_of SIA_IW_GRDH_1SDV_20180821T004109_20180821T004134_ W T AT

2 (9] subset_6_of SIA_IW_GRDH_1SDV_20180704T004106_20180704T004131_ [] sigmao.vi Propagate Uncertainty...

2 [10] subset_7_of SIA_IW_GRDH_1SDV_20180821T004109_20180821T004134 : - Add El ion Band

2 [11] subset 6_of SIA IW_GRDH_1SDV_20180704T004106_20180704T004131 Bl sigmao_v! evation bBan

» [ Metadata \ Band Maths...

> Q3 Vector Data Navigation |Co|our Yt Convert Band | Layer Editor |

v 3 Bands "
B e Filtered Band... [
B sigmao_vv_.m Add Elevation Band Linear to/from dB -
B Sigma0_VH_sh Band Maths... l& “;r‘j]f‘
B sigmao_vv_sy ConvertBand Export Transect Pixels

Filtered Band...

Navigation - ... ICoIour Linear to/from dB | Layer Editor = Open Image Window

Add Land Cover Band

Export Transect Pixels

Open Image Window Cut ¥ X
Add Land Cover Band This toold Copy 38C
Cut ¥8X colouring Paste FgV
Copy %®C Right now, pelete =
Paste #V

Delete B> Properties

Properties
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‘ Classitying Water and Land by Creating a Threshold

[ X X ] [ ]
1. Load the Aug. 21 VH dB % g n M&%{ XEw s oa s vR9O R  DSED e
Produc(Eprorer | Pixel Info =) | [ (111 RGB 1 | [ [11] Sigma0_VH_slvl_21Aug2018_db

ima ge an d analyze the S e T T e
S [6] subset_7_of SIA_W_GRDH_1SDV_20180821T004109_20180821T004134
o o o & [7] subset_6_of S1A_IW_GRDH_1SDV_20180704T004106_20180704T004131
I m O e h IS'I'O rO m I n 'I'h e &= [8] subset_7_of S1A_IW_GRDH_1SDV_20180821T004109_20180821T004134
& [9] subset_6_of S1A_IW_GRDH_1SDV_20180704T004106_20180704T004131
. S [10] subset_7_of SIA_IW_GRDH_1SDV_20180821T004109_20180821T00413
| | f-I- n d OW S [11] subset_6_of SIA_IW_GRDH_1SDV_20180704T004106_20180704T00413
Ower e WI » [ Metadata
» [ Vector Data
v &3 Bands
M B sigma0_VH_mst_04Jul2018
. Identity a threshold 8 s o
B Sigma0_VH_slvl_21Aug2018
. ] Sigma0_VV_slv2_21Aug2018
between high values and B saras i otuons b
] sigma0_vV_mst_04Jul2018_db
] sigma0_VH_slvl_21Aug2018_db
|OW VO | U es EQ sigma0_VV_slv2_21Aug2018_db
Navigation -... [ Colour Ma... | Uncertainty V... World View Layer Editor =)
3 | 'I' 'I'h | 'I'h 'I' Editor: | Basic () Sliders Table @ @
[
0 S e e C e VO U e O Name: Sigma0_VH_slvl_21Aug2018_db = &

Unit: intensity_db ol

Min;-27.178

separafes water from g
everything else. In this case ==
-19.39 dB

,It

6E6T-
6L ET-
2911~

# More Options @
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Classitying Water and Land by Creating a Threshold

Select “Raster- Band- Math”

1. To segment the image, apply
band math

2. Edit the expression so that it
indicates:

255*(Sigma0_VH<-19.39)

3. The result will be an image
where water will have a value
of 255. Call this new image
“water”

National Aeronautics and Space Administration

Target product:

[11] subset_6_of_S1A_IW_GRDH_1SDV_20180704T004106_20180704T004131_022637_0273E1_B4B0_Cal_Spk_TC_Stack

Name: new_band_6
Description:
Unit:

Spectral wavelength: 0.0

4 Virtual (save expression only, don't store data)

/4 Replace NaN and infinity results by

Band Maths

NaN
Generate associated uncertainty band
Band maths expression:
Load... Save... Edit Expression...
oK Cancel Help
@ O Band Maths Expression Editor
Product:

Data sources:

$11.Sigma0_VH mst_04Jul2018
$11.Sigma0_VV_mst_04Jul2018
$11.Sigma0 VH slvl 21Aug2018
$11.Sigma0_VV_slv2 21Aug2018
$11.Sigma0_VH mst_04Jul2018_db

$11.S] = 8 db
$11.Sigma0_VH slvl 21Aug2018_ db|

(3w oZoTS db

4 Show bands
Show masks
Show tie-point grids

Show single flags

Functions...

Expression.

[11] subset_6_of_S1A_IW_GRDH_1SDV_20180704T004106_20180704T004131_022637_0273E1_B4BO_Cal_Spk_TC_Stack &

e + @ < 255*%($11.Sigma0_VH_slvl_21Aug2018_db<-19.39) >

(e)

Constants...

Operators...

BEmIEP

OK Cancel

Applied Remote Sensing Training Program

Ok, no errors.
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‘ Threshold Result to Separate Water and Land

National Aeronautics and Space Administration Applied Remote Sensing Training Program



‘ Result: Threshold to Separate Water and Land

To change the
colors, go to the
color manipulation
window on the
bottom left and
select Table. There
you can assign a
color to each of the
3 classes.

- - - _— —T1 —1

Product Explorer €2 | Pixel Info
; o

— e sumoel b

» (1 Metadata
» (2 Vector Data
v & Bands
B sigmao_VH
Bl sigmao_vv

3 Metadata

@3 Vector Data

3 Bands
B sigma0_VH_mst_04Jul2018
E sigma0_VV_mst_04Jul2018
B sigma0_VH_slvl_21Aug2018
Bl sigma0_VV_slv2_21Aug2018
[l sigma0_VH_mst_04Jul2018_db
] sigma0_VV_mst_04Jul2018_db
] sigma0_VH_slvl_21Aug2018_db
] sigma0_VV_slv2_21Aug2018_db

> =
va
| 4
| 4
v

13] subset_7_of_S1A_IW_GRDH_1SDV_20180821T004109_20180821T00-
14] subset_6_of_S1A_IW_GRDH_1SDV_20180704T004106_20180704T00-

Navigation - ... | Colour Ma... £} I Uncertainty V...

World View

Layer Editor

Editor: = | Basic Sliders () Table

Colour Value

254.004
I 254.502
I 255

[P
IE?@(E

#* More Options

National Aeronautics and Space Administration

—
[E] [14] Sigma0_VH_slvl_21Aug2018_db ' | [ [14] new_band_7 &

| X 309 Y 427 |Lat9°21'57"N Lon 76°13'40" E Zoon
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Supervised Classification




Training Area Selection

1. Select training areas by:
— displaying the image as RGB
— selecting from the main menu Vector>New Vector Data Container and
providing a name for your first training class (in this case permanent water)
— In the Tools menu along the top bar, select the Polygon Drawing Tool

— create a polygon of the area representative of open water.

Raster Optical Radar Tool

856_:
o
Geometry from WKT | {+\f {
Import
Export
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Training Area Selection

2. Define the remaining fraining areaqs:
— Repeat these same steps for each class.
« flood water, dry land, wet land

National Aeronautics and Space Administration
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Running the Random Forest Classifier

3. Run the Random Forest Classification by:

— selecting in the fop menu Raster >Classification>Supervised Classification >
Radom Forest Classifier

— in the pop-up window, select the file that you want to classify. To load it, select
the add-opened files on the column on the right (the second one down).
Load the calibrated, speckle filtered, terrain corrected file.

— The second tab, Random Forest Classifier, will have a list of the training areas
selected. Keep the defaults. Run it.

WWWWW

Random Forest Classifier
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

aaaaaaaaaaaaaaaaaa

Training vectors:  [permanent water

nnnnnnnnnn

NNNNN

DDDDDDDDD
/Users/epodest/Downloads /temp_sentinel_1
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‘ Running the Random Forest Classifier

4. Display the resulfs:
— a new image with extension _RF will be added in the product explorer
window. Display the bands>labeled classes image.

— In the color manipulation tab of the bottom left window, assign the desired
colors to each class.

= ZESEPEE e B v 0 & 4 °

CP

it~ wvOoaei

—
| E (141 RGB

Product Explorer | PixelInfo |
3 Metadata
33 Vector Data
&3 Bands
[E Sigma0_VH_mst_04Jul2018
[ Sigma0_vV_mst_04Jul2018
[E sigma0_VH_slvl_21Aug2018
[ Sigma0_VVv_siv2_21Aug2018
[ VH_04Jul2018_db
E v_04)ul2018_db
E VH_21Aug2018_db
E vv_21Aug2018_db
v = [15] subset_6_of SIA_IW_GRDH_1SDV_20180704T004106_20180704T00:
1 Metadata
(23 Index Codings
33 Vector Data
& Bands

World View Layer Editor |

Frequency  Description @@‘

0.000% no data

| Uncertainty V...

Navigation - ... | Colour Ma...

Label Colour Value

nodata (| -

permanen... IEEEEEE—O 52.538% E®
flood_water N 1 5.885%
land_dry [ 2 31.677%
land_moist I 3 9.899%
# More Options @

National Aeronautics and Space Admini

—
[E [15] LabeledClasses

® ® ® [15] LabeledClasses - subset_6_of_S1A_IW_GRDH_1SDV_20180704T004106_20180704T004131_022637_0273E1_B4BO_Cal_Spk_2TC_Stack_2RF - /Users/epodest/Downloads/temp_sentinel_1/subset_6_of_S1A_IW_GRD... d

& ~ D BHEO

Qr Search (3+I) @

saBeuei 1aheT ) 1npoid i

sabeuen ysen [y

e Sensing Training Program

37



‘ Running the Random Forest Classifier

5. Accuracy assessment:

— while Random Forest is running, a separate text window will display the
classification validation results:

RandomForest classifier newClassifier2

Cross Validation
Number of classes = 4
class 0.0: permanent_water
accuracy = 0.9984 precision = 1.0000 correlation = 0.9967 errorRate = 0.0016
TruePositives = 256.0000 FalsePositives = 0.0000 TrueNegatives = 360.0000 FalseNegatives = 1.0000
class 1.0: flood_water
accuracy = 0.9951 precision = 0.9868 correlation = 0.9869 errorRate = 0.0049
TruePositives = 150.0000 FalsePositives = 2.0000 TrueNegatives = 464.0000 FalseNegatives = 1.0000
class 2.0: land_dry
accuracy = 0.9935 precision = 0.9774 correlation = 0.9809 errorRate = 0.0065
TruePositives = 130.0000 FalsePositives = 3.0000 TrueNegatives = 483.0000 FalseNegatives = 1.0000
class 3.0: land_moist
accuracy = 0.9968 precision = 1.0000 correlation = 0.9853 errorRate = 0.0032
TruePositives = 76.0000 FalsePositives = 0.0000 TrueNegatives = 539.0000 FalseNegatives = 2.0000

Using Testing dataset, % correct predictions = 99.1896
Total samples = 1235

RMSE = 0.09002070714423868

Bias -0.0016207455429497752

Distribution:

class 0.0: permanent_water 514 (41.6194%)
class 1.0: flood_water 302 (24.4534%)
class 2.0: land_dry 263 (21.2955%)
class 3.0: land_moist 156 (12.6316%)
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‘Refining Your Classification Results

6. Refine the classification results by applying a filter:

snap File Edit View Analysis Layer Vector m Optical Radar Tools Window

® ® ® [15] LabeledClasses - subset_6_of S1A_IW_GRDH,
N - ; oc
a G LIelE e 3

Pixel Info I

Product Explorer I
L1 vetadata

3 Vector Data

2 Bands
Sigma0_VH_mst_04Jul2018
Sigma0_VV_mst_04Jul2018
Sigma0_VH_slvl_21Aug2018
Sigma0_VV_slv2_21Aug2018
VH_04Jul2018_db
VV_04Jul2018_db
VH_21Aug2018_db
VV_21Aug2018_db

. |

= [15] subset_6_of SIA_IW_GRDH_1SDV_20180704T004106_20180704T00-

] Metadata

(1 Index Codings

3 Vector Data

3 Bands
] LabeledClasses
[E confidence

Band Maths...

Geo-Coding Displacement Bands...

Subset...
Geometric Operations
DEM Tools
Masks

Data Conversion
Image Analysis
Classification
Segmentation
Export

National Aeronautics and Space Administration

VVYyVVYYVYYVYYVYY

4131

‘q_
[ =
i] Lab

Create Filtered Band

[ System  puUdlg
HH Laplace 5x5 (a)
HH Laplace 5x5 (b)

Non-Linear Filters .
£ Minimum 3x3 ‘i‘
B2 Minimum 5x5
B Minimum 7x7
88 Maximum 3x3
£ Maximum 5x5
B Maximum 7x7
B Mean 3x3
B Mean 5x5
B Mean 7x7

£ Median 7x7

& Standard Deviation 3x3

£ Standard Deviation 5x5

£ Standard Deviation 7x7
¥ Morphological Filters

% Erosion 3x3

Band name: LabeledClasses_median3

Number of iterations: 1

oK Cancel Help

Applied Remote Sensing Training Program
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‘Refining Your Classification Results

/. Go to the Color Manipulation Window

‘X X
a % SEsle 5= o
Product Explorer € SIS : Under the “Table” tab assign numbers and colors to your classes
3 Bands
El Sigma0_VH_mst_04Jul2018 : _
B sigmao_vv_mst 04jui2018 Navigation - ... | Colour Ma... © | Uncertainty V... | World View | Layer Editor |

[E Sigma0_VH_slvl_21Aug2018
[l Sigma0_VV_slv2_21Aug2018

W VH_041ui2018_db Editor: Basic Sliders . Table @
E vv_04)ui2018_db
E VH_21Aug2018_db
El vv_21Aug2018_db Colour Value h
= [15] subset_6_of SIA_IW_GRDH_1SDV_20180704T004106_20180704T00:
» [ Metadata
» (3 Index Codings
» [ Vector Data
v {3 Bands
[f LabeledClasses
[E confidence
[ LabeledClasses_median3

Navigation - ... | Colour Ma... I Uncertainty V... ] World View Layer Editor I

Editor: (_ Basic Sliders Table @ @'
Colour ramp: E? &,

derived from 5_colors Logyg
—

]

@

wourtph WN RO

Display range
Min: Max:

0.0 3.0

Range from File € Range from Data >
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Refined Classification Results

=% 4

SEEe S E® b 0aAgNYE9ORs  IEED o

'roduct Explorer l Pixel Info |

» Ll vecrtor vdta
v {3 Bands

Sigma0_VH_mst_04Jul2018

Sigma0_VV_mst_04Jul2018

Sigma0_VH_slvl_21Aug2018

Sigma0_VV_slv2_21Aug2018

VH_04Jul2018_db

VV_04Jul2018_db

VH_21Aug2018_db

VV_21Aug2018_db

&= [15] subset_6_of S1IA_IW_GRDH_1SDV_20180704T004106_20180704T00:
»

»

[

3 Metadata

3 Index Codings

3 Vector Data

3 Bands

ﬂ LabeledClasses

[ confidence

[# LabeledClasses_median3

lavigation - ... | Colour Ma... | Uncertainty V... World View Layer Editor I

iditor: Basic Sliders (. Table @ @1
Colour Value . E\ &I
I 1
2
| 3
| 4
I 2.45
| 3
% More Options @

National Aeronautics and Space Administration

[E 1141 RGB I@ [15] LabeledClasses |@ [15] LabeledClasses_median3 ENEN £ =1}
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Google Earth Engine




Metadata and Filtering

https.//code.earthengine.google.com/

To create a homogeneous subset of Sentinel-1 data, it will usually be necessary to filter the collection using metadata
properties. The common metadata fields used for filtering include these properties:

1. transmitterReceiverPolarisation:[VV], [HH], [VV', 'VH], or [HH' 'HV]

2. instrumentMode : IW' (Interferometric Wide Swath), 'EW' (Extra Wide Swath) or 'SM' (Strip Map). See this reference
for details.

3. orbitProperties_pass : 'ASCENDING' or 'DESCENDING’
4. resolution_meters: 10,25 o0r 40

5. resolution:'M'(medium) or 'H' (high). See this reference for details.
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Sentinel-1 Preprocessing on Google Earth Engine

Google Earth Engine uses the following preprocessing steps (as implemented by the Sentinel-1
Toolbox) to derive the backscatter coefficient in each pixel:

Apply orbit file
— Updates orbit metadata with a restituted orbit file.

GRD border noise removal
— Removes low intensity noise and invalid data on scene edges. (As of January 12, 2018)

Thermal noise removal

— Removes additive noise in sub-swaths to help reduce discontinuities between sub-swaths for
scenes in multi-swath acquisition modes. (This operation cannot be applied to images produced
before July 2015)

Radiometric calibration
— Computes backscatter intensity using sensor calibration parameters in the GRD metadata.

Terrain correction (orthorectification)

— Converts data from ground range geometry, which does not take terrain into account, to o°
using the SRTM 30 meter DEM or the ASTER DEM for high latitudes (greater than 60° or less than -
60°).
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https://sentinel.esa.int/web/sentinel/toolboxes/sentinel-1
https://qc.sentinel1.eo.esa.int/aux_resorb/
https://code.earthengine.google.com/dataset/USGS/SRTMGL1_003
https://asterweb.jpl.nasa.gov/gdem.asp

‘Flood Mapping
oot O DCm 80

// Load Sentinel-1 images to map a flooding in Kerala in 2018.

// This script was originally written by Simon Ilyushchenko (GEE team)
// Default location

var geometry = /% color: #d63000 */ee.Geometry.Point([76.408, 9.53]);
var pt = geometry

// Load Sentinel-1 C-band SAR Ground Range collection (log scaling, VV co-polar)
var collection = ee.ImageCollection('COPERNICUS/S1_GRD').filterBounds(pt)
.filter(ee.Filter.listContains('transmitterReceiverPolarisation', 'VH'))

10 .filter(ee.Filter.eq('instrumentMode', 'IW'))

11 .filter(ee.Filter.eq('orbitProperties_pass', 'DESCENDING'})

12 .select('VH');

-~
LoOoNOOUL S WN =

14 // Filter by date
15 var before = collection.filterDate('2018-07-04', '2018-07-06').mosaic();
16 var after = collection.filterDate('2018-08-21', '2018-08-23').mosaic();

18 // Threshold smoothed radar intensities to identify '"flooded" areas.

19 wvar SMOOTHING_RADIUS = 100;

20 var DIFF_UPPER_THRESHOLD = -3;

21 var diff_smoothed = after.focal_median(SMOOTHING_RADIUS, 'circle', 'meters')
22 .subtract(before.focal_median(SMOOTHING_RADIUS, 'circle', 'meters'));

23 var diff_thresholded = diff_smoothed.1t(DIFF_UPPER_THRESHOLD);

25 // Display map

26 Map.centerObject(pt, 13);

27 Map.addLayer(before, {min:-30,max:0}, 'Before flood');

28 Map.addLayer(after, {min:-30,max:0}, 'After flood');

29 Map.addLayer(after.subtract(before), {min:-10,max:10}, 'After - before', 0);
30 Map.addLayer(diff_smoothed, {min:-10,max:10}, 'diff smoothed', @);

31 Map.addLayer(diff_thresholded.updateMask(diff_thresholded),

32 {palette:"0Q0@QFF"},'flooded areas - blue',1);
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‘Flood Mapping Results

S Docs  Assets

Filter scripts...
~ Owner (1)
~ users/erikap/sentinel_kerala
B Kerala_Sentinel
[ Sentinel1 Composite
B UntitledFile
B UntitledFile2
K new_flooding
~ Writer
No accessible repositories.

AR AR

+

[Soogle

e |

// Load Sentinel-1 images to map a flooding in Kerala in 2018.

// This script was originally written by Simon Ilyushchenko (GEE team)
// Default location

var geometry = /x color: #d63000 x/ee.Geometry.Point([76.40, 9.53]);
var pt = geometry

// Load Sentinel-1 C-band SAR Ground Range collection (log scaling, VV co-polar)
var collection = ee.ImageCollection('COPERNICUS/S1_GRD').filterBounds(pt)
.filter(ee.Filter.listContains('transmitterReceiverPolarisation', 'VH'))
.filter(ee.Filter.eq('instrumentMode', 'IW')
.filter(ee.Filter.eq('orbitProperties_pass', 'DESCENDING'))

.select('VH');

11 Filtar hv data

Alappuzha
@RLINS

Changanasser!
® = mmmmf

W L =N
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