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Learning Objective

1. Understand Sentinel Data
2. Perform image preprocessing
3. Analyze SAR imagery to classify land and water
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Sentinel-1 Background

Accessing, Opening, and Displaying the Data
Preprocessing

Analysis
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Sentinel-1 Background




Sensor Name

RADARSAT-2

‘ Characteristics of SAR Images from Different Satellites

RISAT-1

Agency

Instrument

Incidence Angle

Polarization

Sensor Height at
Equator

Orbit

Revisit time (Orbit
Repeat cycle)

Resolution
Swath Width
Mean local time
Launch

Planned Lifetime

National Aeronautics and Space Administration

Canadian Space Program (CSP)

C-band SAR
(5.4 GHz)

Side-looking, 15-45° off-nadir
HH, HV, VV and VH
798 km

Sun Synchronous
(dusk/dawn)

24 days

100 m

500 km (ScanSAR mode)
6:00 AM Descending
Dec 14th, 2007

7 years minimum

European Space Agency
(ESA)

C-band SAR
(5.4 GHz)

Side-looking, 15-45° off-nadir
(VV and VH) or (HH and HV)
693 km

Sun Synchronous
(dusk/dawn)

12days

5mX20m

250 km (IWS mode)
6:00 AM Descending
April 31, 2014

7 years

Indian Space Research
Organization (ISRO)

C-band SAR
(5.35 GHz)

36.85 deg.

HH an HV
542 km

Sun Synchronous
(dusk/dawn)

25 days

~25 meters
115 km (MRS)
6:00 AM

April 26, 2012

5 years
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Sentinel-1: Modes of Acquisition

1. Extra Wide Swath
— for monitoring oceans & coasts
— 400 km swath, 25 x 40 m spatial resolution

2. Strip Mode
— special order only
— 80 km swath, 5 x 5 m spatial resolution

3. Wave Mode
— routine collection for the ocean
— 20 km swath, 5 x 5 m spatial resolution

4. Interferometric Wide Swath
— routine collection for land
— 250 km swath, 5 x 20 m spatial resolution

National Aeronautics and Space Administration

Flight Direction

Sub-Satellite Track

Orbit Height
~700 km

"~ Extra Wide Swath
Mode
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How to Access Sentinel-1 Images

o Alaska SAR Facility
— http://Iwww.asf.alaska.edu/sentinel/

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

Product Type:

e There are three types of product e

"EH" Simghe HH

types: SLC, GND, and OCN s T T,
— SLC: Single Look Complex

— G N D . G roun d R an g e D etecte d MMM_BT_l rI'H_LFwDDTWMMDDIHHMMSS_DDOUDG_DDDDDU_CCL‘L‘.SAJ‘F_
(You should select this one) \ /

Mode/Beam: : . .
® F u I I ReSO I Utl O n (F R) , H Ig h R Pl LR T e _ _

“TEW W

Resolution (HR), Medium
Resolution (MR)

e Resolution is dependent on the
amount of multi-looking
performed

— OCN: Level-2 Ocean

National Aeronautics and Space Administration Applied Remote Sensing Training Program 8



Sentinel-1 Toolbox

* Free and open source software developed by ESA for processing and
analyzing radar images from Sentinel-1 and other satellites

e Can be accessed through: http://step.esa.int/main/download

* Includes the following tools:
— Calibration
— Speckle Noise
— Terrain Correction
— Mosaic Production
— Polarimetry
— Interferometry
— Classification
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Accessing Sentinel-1 Data

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

2. ldentify your area (-60.31,-4.52,-57.81,-4.52,-57.81,-2.92,-60.31,-2.92,-60.31,-
4.52) and dates (Apr 25-29, 2015) of interest

3. ldentify images of interest (Sentinel-1 A/B)
4. Click Search

5. Select Granule:
S1A IW_GRDH 1SDV 20150428T093856 20150428T093921 005682 007
4A 1 D968

6. Download the L1 Detected High-Res Dual-Pol (GRD-HD) Product
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‘ Accessing Sentinel-1 Data

Granule Information

Data courtesy of ESA

Dataset: Sentinel-1A

Granule: S1A_IW_GRDH_1SDV_20150428T093856

Granule Details

= Acquisition Date: 2015-04-28

» Beam mode: IW

= Path: 10

= Frame: 603

+ Ascending/Descending: Descending
« Polarization: VW+VH

« Absolute Orbit: 5682

= Frequency: C-Band

Products

L1 Detected High-Res Dual-Pol (GRD-HD)

L1 Single Look Complex (SLC) (4.51 GB)

LO Raw Data (RAW) (1.54 GB)

XML Metadata (RAW) (40.62 KB)

National Aeronautics and Space Administration

Download

<4 Queue
X Download

4 Queue
2 Download

4 Queue
X Download

4 Queue
3 Download

20150428T093921_005682_0074A1_D968

Full Resolution Browse Image
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Opening the Data with the Sentinel Toolbox

1. Initiate the Sentinel 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 folder containing your Sentinel-1 file, and double click on the .zip
file (do not unzip the file; the program will do it for you)
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Opening the Data with the Sentinel Toolbox

1. 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:

— Metadata: parameters related to orbit
and data

— Tie Point Grids: interpolation of

latitude/longitude, incidence angle, etc.

— Bands: Intensity and amplitude
(intensity Is the amplitude squared)

National Aeronautics and Space Administration

S1A_IW_GRDH_1SDV_20150428T093856_2015042

£l Amplitude_VH
m Intensity_VH

M Amplitude_VV

Ed Inte nsity_VV

Product Explorer '\Pixel Info [1]
= [1] SlA_IW_GRDMO150428T093856_2015042 .
23 Metadata w
£® Abstracted_Metadata H’
&® Original_Product_Metadata
(L3 Vector Data %;
(L3 Tie-Point Grids Y
(3 Quicklooks a
‘a Bands
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Opening the Data with the Sentinel Toolbox

4. Worldview image (lower left) shows the S on siEe <w »Faa

Product Explorer ] Pixel Info ] [1] Abstracted_Metadata

footprint Of the image Selected. = [l]SIA_EW_GRDH_ISDV_2O150428T093856_2015042:-\:.1:

&3 Metadata
) Abstracted_Metadata

— Note: it is inverted because it is oriented G Vom0

[ Tie-Point Grids
. . » [ Quicklooks
the same way It was acquired N en

m Intensity_VV

AR P ;
Navigati... lCanur ... | Uncertai... I Worl... Quicklo... Prigt - ¥
o ey e
s e 3
1

Off Globe
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Opening the Data with the Sentinel Toolbox: RGB Image

6. Go back to the Product
Explorer tab

7. Select the flename of the
Sentinel-1 dataset

8. Select Open RGB Image
Window to display a color
Image of VV, VH, and VV/VH
ratio

National Aeronautics and Space Administration

@ ® @ S1A_W_GRDH_1SDV_20150428T093856_20150428T093921_005682_0074A1_D968 - [{Users/epod documen f S1A_IW_GRDH_15DV_20150428T093856_201...
ag 2ok e <% :ehmo\a+x:7m*’-}@é§ \L_IEEI“_] | Q- search (¢ O

Product Explorer 3 | Pixelinfo. |

W (1] 514 W g 15042870
» [ Memday Band Maths..,

» 3 vectorn  Add Elevation Band

» [ Tie-poin  Add Land Cover Band
» (3 Quickloo
v 5 Bands v Group Nodes by Type /
B Ampl  ppen RGB Image Window

@ imen Open HSV Image Window
B Ampl
[ imen:  Close Product

M [2]SIAW L Close All Products

» O Metadati  Close Other Products

* (3 Vector D

» [ Tie-Poin  Save Product

» (3 sands Save Product As...

iy ﬁmimwwn I[l}mmmmusww VHRGE -[UDuaIPuIR tio intensity W vk AGE () © [t I T

aBeUT JASET li[q

1504287093921 0056

abruep ysew Ky

Navigation ... | C Cnny
) Red D |

tensity_VV
Unit: intensity
Min: 1.0
Max: 2096704.0
Rough statistics!

Properties

o't
TFe81081

# More Options

X =Y == Lat -= Lon - Zoom -- Level —-
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‘ Opening the Data with the Sentinel Toolbox: RGB Image

9. In the upper, left window, select Pixel Info to see the value and the latitude
and longitude of each pixel in the opened image

® ® & S1AIW.GRDH_1SDV_20150428T093856_20150428T093921_005682_0074A1_D868 - [/Users) iest/Desktop/desktop/d _folder/brazil/S1A_IW_GRDH_1SDV_20150428T093856_201...
] J : : GEP -7 e Coareh (40
s s Eile <2 rFlacsNyB9eR: . IEED o search 2+ ©
—r— .
Product Explorer I Pixel Info @ | O 11 Amplivede_wy © | [ [2] Intensiy vV NN R =
-| Position E
Image-X 10664 pixel =
Image-Y 9152 pixel %
Longitude 59°27'24" Wdegree 5
Latitude 3%29'27" Sdegree %
+1 Time o
- Bands
Amplitude_VV 228 amplitude =
Intensity_VV 48480, BO0ER intensity E
+ Tie-Point Grids =
+ Flags §
g

Snap to selected pin
Navigation ... | Colour ... 3 |Uncertainty... | World View | Quicklooks | =1

Editor: () Basic Sliders  Table ol
Colour ramp: ﬁ ufi"
unnamed ﬂ Logyy

Display range

Min: Max:
6.652343 422.0996
Range from File Range from Data
% More Options — @ |

X 10664 Y 9192 Lat 3°29'27"5 Lon 59°27'24"W Zoom 1:31.6 Level 4
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Preprocessing




Data Preparation: Defining a Subset

@ @ Specify Product Subset

1. From the top, main menu bar, select
Raster and then Subset according
to the parameters on the right

— From this point on, work only with e
the subset image T | sceneendx 15136

Szl sieses . Band Subset  Tie-Point Grid Subset  Metadata Subset

Pixel Coordinates Geo Coordinates

Scene start X: 1548

<> <>

Scene start Y: 2236

<> <>

. Sceneend Y: 14964
— The created subset is added as a

new product on your file window veene step =
Scene step Y: 1|(L
Subset scene width: 13589.0
Subset scene height: 12729.0
Source scene width: 25577
Source scene height: 16847

Fix full width

llea Neavsimias

Estimated, raw storage size: 329.9M

oK Cancel Help
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Preprocessing: Geometric and Radiometric Calibration

e The objective in performing calibration is to create an image where the value of
each pixel is directly related to the backscatter of the surface

e This process Is essential for analyzing the images in a quantitative way

e It is also important for comparing images from different sensors, modalities,
processors, or images acquired at different times
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Preprocessing. Radiometric Calibration

Tools

The subset output from the previous

Window Help b P o) = 47% @)

_Q Apply Orbit File | i8TQ93.$56_201 50428T093921_00568 2_0074A1_
Step appears In the PrOdUCt f SpeckIantermg PI Radlometrlc Terrain Flattening E 0
Explorer window. H|ghl|ght that le] Coregistration »  Remove Antenna Pattern
. . ) Interferometric > S-1 Thermal Noise Removal

output by clicking on the file name Polarimetric .

Geometric >

Sentinel-1 TOPS >

2. From the top menu, _select | T 4

Radar > Radiometric > Calibrate M. saracolications =~ » ESREEA

and use the default parameters

I/O Parameters |[aEl=cciy

neters Processing Parameters

Polarisations:

this will create a new product with
calibrated values of the
backscatter coefficient

4 Output sigma0 band
Output gammag band
Output betad band

National Aeronautics and Space Administration

ssssss

[2] subset_0_of S1A_IW GRDH_15DV_20150428...

Target Product
Name:

128T093856_20150428T7093921_005682_0074A1_D968_Cal

") Save as:  BEAM-DIMAP

Directory:
/Users fepodest/Desktop

o4 Open in SNAP

. Run Close Close
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Preprocessing. Radiometric Calibration

 The main radiometric distortions are due to:
— Signal loss as it propagates
— Non-uniform antenna pattern
— Difference in gain
— Saturation
— Speckle

National Aeronautics and Space Administration
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Preprocessing: Speckle Reduction

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

— There are many technigues to extract radar information from images that
have a lot of speckle
— You can use speckle filters, or multilook the image. We will use multilook

3. The output from the previous step appears in the Product explorer window
(flename ending in _Cal). Highlight that output by clicking on the file name

4. Select Radar > Multilook, then choose the Processing Parameters window.
Specify 6 for both number of range and azimuth looks
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Preprocessing. Speckle Red

Calibrated VV

National Aeronautics and Space Administration

uction

Calibrated-Multilooked VV
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Preprocessing. Geometric Calibration

ptical JiECEM Tools Window Help 0 o) = 91% M) TueJunB 12:44AM P

1. The output from the previous step S rrr————r
appears in the Product explorer window =y e’ + S 2555 s ou
(filename ending in _Cal_ML). Highlight et o
that output by clicking on the file name e i L

2. Select Radar > Geometric > Terrain
Correction > Range-Doppler Terrain
Correction

Complex to Detected GR ngm’;ﬂ T
Multilooking [l h Sy

3. In the Processing Parameters tab, use
the default options for the output files,
and select UTM/WGS 84 for the map
projection

— This will take ~30 min
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Preprocessing: Geometric Calibration Result

 The main geometric distortions are due to:
— Slant Range
— Layover
— Shadow
— Foreshortening

e The algorithm uses a DEM to make the
corrections

* The corrected image Is in its correct
orientation
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Preprocessing: Geometric Calibration Result

4. Convert Sigma® into dB by
highlighting Sigma0_VH and left
clicking

5. Amenu will pop up. Select Linear
to/from dB. Do the same for VV

6. Display the dB images

v = [5] subset_0_of S1A_IW_GRDH_1SDV_20150428T09385¢
» 1 Metadata
» (21 Vector Data
v 3 Bands
|
B sigma0_\ Add Elevation Band
. Band Maths...
Navigation - [5... D Convert Band
Filtered Band...
Linear to/from dB

Export Transect Pixels

,@,@,@H
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Analysis




Histogram Analysis

1. Analyze the image
histogram in the lower, left
window

2. ldentify the two peaks: the
lower one represents water
and the higher one
represents everything else

3. Select the value that
separates water from
everything else.

— Inthiscase itis -18.85 dB

National Aeronautics and Space Administration

_ : .
Product Explorer [ Layer Manager Pixel Info
¥ 2 Bands
Bl sigma0_vH

B sigma0_wv

¥ = [4] subser_0_of S1IA_W_GRDH_15DV_20150428T09385¢

» O Meradata
» (21 Vector Data
» (2 Tie-Point Grids
¥ 2 Bands
B sigma0d_vH
B sigmao_wv

v i [5] subset_0_of S1A_IW_GRDH_1SDV_20150428T09385¢

» 3 Metadata

» 23 vector Data

v 3 Bands
B sigma0o_vH
B sigma0_wv
[ sigmao_vH_db
B3 sigma0_VV_db

Navigation - [5]5i.. | LayerEditor | Colour Manipul..
Editor: Basic 0 Sliders Table
Name: Sigma0_VH_db
Unit: intensity_db
in:
a
O

& ERWCRE O
ST e
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Creating a Threshold to Separate Water and Land

4. SeIeCt RaSter > Band > Math T:I 'h.(:)' ' Band Maths Expression Editor
Data sources: Expresslion:0 e
5. Edit the expression so that it reads: v e

—  255%Sigma0_VHdB<-18.85) e x

6. The result will be an image where
water will have a value of 255. Call @ showbands

Show masks
to

this new image water. | Showtie-pointrids

N

@
@
@
@

/

) w7220 g —
. Functions... ol | @ ' L Ok, no errors
Show single flags A == i ﬁ' UE FI_J
oK Cancel Help
UK cancel Help

National Aeronautics and Space Administration
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Creating a Threshold to Separate Water and Land

® @ [3]new_band_2 - subset_0_of S1A_IW_GRDH_1SDV_20150428T093856_20150428T093921_005682_0074A1_D968_Cal_ML_TC - /Users/epodest/Desktop/subset_0_of S1A_IW_GRDH_1SDV_20150¢

VDB HDO 8535 % /5 @ Weea

o <=

s % B G e

B @A A G

Ny B9 @B

—
B (3] new_band_2 -

Product Explorer | Layer Manager | Pixel Info |

v 3 Bands
Sigma0_VH
Sigma0_Vv
& [2] subset_0_of S1A_IW_GRDH_15DV_20150428T09385¢
2 Metadata
(23 Vector Data
3 Tie-Point Grids
- {3 Bands
Sigma0_VH
Sigma0_WV
&= [3] subset_0_of S1A_IW_GRDH_1SDV_20150428T09385¢
> ([ Metadata
3 Vector Data
3 Bands
Bl Sigma0_VH
4 Sigma0_VVv
[ sigmao_vv_db
[ sigmao_VH_db

Navigation - [3] n... | Layer Editor

|Cnluur Manipul...

Editor: Basic Sliders Table @ E
Name: new_band_2 [IE.' %1.
Unit: 959 100%
Min: 0.0 saisra
Max: 255.0 ! G@é
arinel
Rough statistics! @Q @
Logyg 355
i
iy,

h..

=

o
% More Options @

National Aeronautics and Space Administration

[ 12) sigmao_wvv

[ (3] Sigma0_VH

[ 13) sigmao_wv

—
[ (3] Sigma0_VH_db

—
[ (3] Sigma0_W._db
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‘ Example: Processing — Classifying Water and Land

veow LlEmpty]

sw:%in}tm_ Aaifwir o AN yYB9 e . DEHD 893s% »wkoe
1. To change the colors, e i i I

3 glm:ls
Sigmal_VH
g O to th e CO I O r v [ZI:bif:;;glA_M_GRDH_ISDV,ZO150428T09385t
manipulation window ST
v Bands
E sigmao_vH

on the bottom left and ) e

> (3 Metadata

select Table el

@ Ssigma0_vH
B sigma0o_wv
0 sigma0_wW_db

2- ASSIgn a COIOr to 0 sigma0_vH_db

Navigation - [3] n... { Layer Editor ICuluur Manipul... €3 | .

each of the three e 1

] 254.004

i——— 254.502
classes —

2 More Options @
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Summary

It takes different stages in a particular order to generate a product:

« Data Preparation

— Acquire the images

— ldentify a subsection of the image or create a mosaic, if needed
* Preprocessing the Image

— Radiometric calibration

— Filter application to reduce speckle

— Geometric Calibration

* Processing the Image

— Generate a map through threshold, supervised, or non-supervised
approaches

National Aeronautics and Space Administration Applied Remote Sensing Training Program
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