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Learning Objectives

.

* By the end of this presentation, you will be able to understand:
— how to estimate soil moisture from RADARSAT-2 data
— how to process multi-frequency data for use in crop classification
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SNAP: Sentinel’s Application Platform

=» SNAP | Sentinels Application Platform

Done loading modules:

« ESA SNAP is the free and open-source toolbox for processiné and analyzing ESA
and 3rd part EO satellite image data

 You can download the latest installers for SNAP from:
: — http://step.esa.int/main/download/snap-download/
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Estimating Soil Moisture from RADARSAT-2 Data



RADARSAT-2
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RADARSAT-2 SAR Beam Modes — Revisit time: 24 days

Image Credits: MDA RADARSAT-2 Product Description
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Pre-Processing RADARSAT-2 Data with SNAP

Extract Backscatter

Speckle Terrain

Calibratfion Filter Correction
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Pre-Processing RADARSAT-2 Data with SNAP

Read Image

« RADARSAT-2 Wide Fine Quad-Pol single i
look complex(SLC) product:

— Nominal Resolution: 5.2m (Range) *
/.6 m (Azimuth)

— Nominal Scene Size: 50 Km (Range) *
25 Km (Azimuth)

— Quad (HH, HV,VH and VV)
polarizations + phase

— Slant range single look complex,
contains both amplitude and phase
information
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RADARSAT-2 Wide Fine Quad-Pol FQ16W descending

SLC data acquired on May 12, 2016, over Carman,
Manitoba, Canada
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Pre-Processing RADARSAT-2 Data with SNAP

Calibration: Convert Pixel Values to Radar Backscatter

L’ (2] Pauli RGB - RS2-SLC-FQ16W-DES-12-May-2016_12.45-PDS_05057630_Cal - C:\Users\jiaox\NASA _training\RS2-SLC-FQ16W-DES-12-May-2016_12.45-PDS_05057630_Cal.dim - SNAP ) a X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help [Qr search (cui-1
. EEDS Gep it Fil GeP & T B [Ar
aB LRSS B ot AeyoditFi AENDESe 2 (DEBED
Rad > Calibrate =
et | =
Pm(.mc;i‘p'orer X | Peeibfo; | Speckle Filtering 2 Radiometric Terrain Flattening 9
[ & [1)RS2-SLCFQ16W-DES-12-May-2016_12.45-PD5_0! Coregistration > =
& @ [IRSISCTQIGWDES-12Mey-016_1245P05 00 | L S B g
4 (33 Metadata el erOmeRnc S-1 Thermal Noise Removal ag
3G Vector Data Polanmetric > g
(32 Tie-Pont Grids Geometric > &
=-&3 Bands Sentinel-1 TOPS > ;
@ somo0_HH ENVISAT ASAR > S
@ some0_Hv SAR Applications > 2
= Sgg ao-::' Biomass > z g
Jm:
- Soil Moisture > %

SAR Utilities >
SAR Wizards >
Complex to Detected GR
Multilocking

Rbeue)) fsely Q
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Speckle Filtering

» Speckle filtering is not an - Lee
exact science — image
and target dependent

- Frost

: : . - M
« An ideal speckle filter will: Gamme-Map

— reduce speckle B Adaptive - Multi-Temporal
Filtering

— preserve edge sharpness B Intensity Drive Adaptive
— preserve line and point Neighborhood (IDAN)

target conftrast K Refined Lee
Speckle
Filtering _ Lee Sigma

— retain mean values in
a Mean

homogeneous regions
— retain texture information

Non-
o Adaptive
Filtering

d Median

2 Mode

=
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Pre-Processing RADARSAT-2 Data with SNAP
Speckle Filter - 5 by 5 Gamma Map

2 snap = o X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- Search (Ciri+
&= < GCP b ece = & 2- M B85 BT
a% ANELCE T o Y sNvEYeRz \ IEED
— — Radiometric > = = = e
Product Explorer X | Pixel Info Speckle Filtering > Single Product Speckle Filter PauiRGB X | 7 g g v Qe
} @ [1) RS2-SLCFQ16W-DES-12-May-2016_12.45-PDS_0! £ or | 3 | »
g A Lt = Coregistration Multi-temporal Speckle Filter b e
3-8 [2) RS2-5.CFQI6W-DES-12-May-2016_12.45PDS_0! : s §
- Interferometric X ’ " .Y
2@ [3] RS2-SLCFQI6W-DES-12-May-2016_12.45-PDS_0! : 63 =
(& (3 Metadata Polanmetric g‘
- (3 vector Data Geometric ~
(& @ Te-Point Grids Sentinel-1 TOPS
5 & Bands ENVISAT ASAR =
& sioma0_r# SAR Applications 2
8l sigma0 v Biomass 4 z
@ siomao_w X ]
B siomao_w Soil Moisture s
SAR Utiltties
SAR Wizards
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Complex to Detected GR

Multilooking

1Geuely ysel Ry

File Heip

onds (97 MB/s 25 MPixel/s)

Processing completed in
1/O Parameters Processing Parameters

Sigma0_HH
Sigma0_Hv
Sigma0_vH
Sigma0_wV

L AP PO

Filter:

Filter Size X (odd number): 5
FAlter Size Y {odd number): 5
Estmate Equivaient Number of Looks %)

Number of Looks: 1.0
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Pre-Processing RADARSAT-2 Data with SNAP

Terrain Correction

i3 14] Pauli RGE - RS2-SLC-FQ16W-DES-12-May-2016_12.45-PDS_05057630_Cal_Spk_Gamma5_TC - C:\Users\jiaox\NASA training\RS2-SLC-FQI6W-DES-12-May-2016_12.45-PDS_05057630_Cal_Spk_Gammas_.. — O X ] !
@ Range Doppler Terrain Correction X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q', earch (Ci+)
% SA 1iF = < b acp B A & N T 21 i
; 2B A% B KT semyoner heNvEYew= « IEED File  Help
Radiometric > -
Product Explorer X Pixel Info Speckle Filtering » PaukiRGB X[ [4] PauiRGE X | vOg .
78 [RS25LCFQIGN-DES-12May-2016_1245P05 0! Coregistration ] IO Parameters  Processing Parameters
4 E [2] RS2-SLCFQ16W-DES-12-May-2016_12.45-PDS_0! 1 -
T x - 5 nterferometric -3 . "
7@ [IRS25LCFQIEWDES 12Mey 016 12.45P05 01 c Source Bands: Sigmai_HH
i @ [4)RS25LCFQIEW-DES-12:May-2016_12.45-PDS 0! olarimesac @ Sigmad_HY
Geometric Terrain Correction Range-Doppler Terrain Correction i i K
z Sigmal_YH
Sentinel-1 TOPS Ellipsoid Correction SAR Simulation = Sigmai v
. s igma
ENVISATASAR SAR-Mosaic SAR-Simulation Terrain Correction 5 mas_
SAR Applications ALOS Deskewing a
Biomess Slant Range to Ground Range g
Soil Moisture Update Geo Reference §
SAR Utilities %5 ) Tae
A oo ; ; = o e 2 Digital Elevation Model: SRTM 1Sec HGT (Auto Download) v
Complex to Detected GR 4 e R 4 o v i
Multilooking = DEM Resampling Method: BILINEAR _INTERPOLATION v
&
& Image Resampling Method: BILINEAR_INTERPOLATION w
Source GR. Pixel Spacings (@z xrg):  5.49{m) x 8.0(m)
Pixel Spacing (m): 10
Pixel Spacing (deg): 8.933152841195215E-5
Navigation - [4] ... | Colour Manipul... Uncertainty Vis... WorldView X — o
Map Projection: [ LTM Zane 14/ World Geodetic System 1934
Mask out areas without elevation Output complex data
Qutput bands for;
Selected source band []oEM [ Latitude & Longitude

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

] Apply radiometric normalization
Save Sigmal band Use projected local inddence angle from DEM
Save Gammal band Use projected local inddence angle from DEM
Save Betal band

500 Km Auxiliary File (ASAR only): Latest Auxliary File

X =Y - Lt ~—lon - Zoom - Level Run Close
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Pre-Processing RADARSAT-2 Data with SNAP

NASA's Applied Remote Sensing Training Program

RapidEye natural color image
acquired on July 4, 2016

RGB color composite of
RADARSAT-2 image acquired
May 12, 2016

(R=HH, G=HV, B=VV)|
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Pre-Processing RADARSAT-2 Data with SNAP

« Graph builder: used for batch processing and customized processing chains

File Edit View Ana g

E syer Vector Roster Optical Radar Tools Window Help
a% BB LASeFTEECrOAAYNYVE9CR: \ MEED
|

| Product Explorer X _Pixel Info — | /@ [ Peuires x| [ [2PaiRGE X
& (1) RS2:SLCFQ2W-ASC-13-May-2016_00.07-PDS_05057640 I
403 metadata
4 (3 Vector Data
| ([0 Te-Point Grids
4 (@) Quickiooks
#- (3 Bands
& [2) RS2:SLCFQW-ASC-13-May-2016_00.07-PDS_DS057640_Cal_Spk_TC

(3 Metadata

i} (33 Vector Data

=43 Bands
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& sioma_w
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Physical Modeling Approach for Soil Moisture Estimation

Data Processing - Output and Validation
SNAP Soil Moisture Tool Box ;[ New 13,2012 G,
i B vaae v T s Soi Moisture
: B a
55% 2%
- =

Radar Data %E - ;
(HH and VV Backscatter) y= /f’“’
(Radar Angle) o i s
Soils Data « Uses Integral Equation Model

(IDEM)
.+ No a priori information is
[ § needed :
- ¢« Soil moisture is retrieved using
:  only SAR data (backscatter
and incidence angle)

(Clay and Sand Fractions)

™ -
Cd SOl
v e
D .
e
3 a
s .
-
. O

Image Source: Merzouki
and McNairn, 2015
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Backscatter Model Inversion Schemes

Two Images
Acquired at different incidence angles
(61 & 62) with HH and VV polarizations

One Image
Acquired at incidence angle 61 with
HH and VV polarizations (HHg;. VV )

IEM

Hybrid inversion
HHg, — VVg, — HHg,
HHg, — VVg; — VVg,
HHg, — VVg, — HHg,
HHg, — VVg,— VVy,

HHg, — VVg; — HHg, — VVg,

Calibrated IEM

Two Images
Acquired at different incidence angles
(61 & B2) with HH or VV polarizations

Multi-polarization inversion
HHg, & VVg,

Calibrated IEM

NASA's Applied Remote Sensing Training Program

Multi-angles inversion
HHg, — HHg,
VVg, — VVg,
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP -
Hybrid Scheme

« Soil moisture map derived from one a.m. RADARSAT-2 acquisition and one p.m.
RADARSAT-2 acquisition, 12 hours apart

2016-05-12 RADARSAT-2 Acquisition Pair (FQ16-FQ2)

£ I

b |
|

Image acquired on May 12, 2016, Image acquired on May 13, 2016,
FQ16W Descending pass FQ2W Ascending pass

NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

Soil Moisture Processing with the Soil Moisture Toolbox in SNAP -
Hybrid Scheme

* UsSing a hybrid inversion approach, the inversion method is performed on the
overlapping geographic area

Calibration Speckle Filter —

CreateStack

AddLandCover

Sm-Dielectric-Modeling
Read (2) g Calibration (2) g Speckle Filter (2) g Terrain Correction (2)

Land-Cover-Mask

Write

i

NASA's Applied Remote Sensing Training Program
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP -
Hybrid Scheme

. . . . . @ Graph Builder : Hybrid_FullGraphaxml *
« Spatial alignment of images acquired in the
morning and evening

. C req '|'e S 'I'O C k: | Read |._,.|.t:a|ibration |-_,|.5peck|e-Fi|ter HTerrain-Correcﬁon |.I mmﬂ
. N . | Read(2) |>—)|Calibrationt2) HSpeckle—FiItertZJ |>—)|-Terrain-Corre:tiontZ)
1. Resampling Type: Bilinear Interpolation
. . R |Land-Cmrer-Mask HSM-Dielemic-Modeling AddLandCover IEM-Hybrid-Inversion |
2. Click Find Optimal Master - -

1 Read(2) Calibration(2) Speckle-Fiter Speckle-Filter(2) Terrain-Correc tion Terrain-Correc tion(2) CreateStack 4|,
Master:

RS2-5LC-FQ2W-ASC-13-May-2016_00.07-PDS_05057640_Cal_Spk_TC
BILINEAR. _INTERPOLATION
Initial Offset Method: Orbit

Output Extents:

Resampling Type:

HEY

L

Master w

Find Optimal Master
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP -
Hybrid Scheme

o . @ Graph Builder : Hybrid_FullGraphaxml
IEM Hybrid Inversion

.

1. Select calibrated IEM LUT
. | Read |._,.|.t:a|ibration |._,|.spe.;u|e.ri|ter HTerrain-Correcﬁon
2. Use the default setting for the other parameters | e . mmmm S -wemwm——
|Land-Cmrer-Mask HSM-Dielemic-Modeling |-(—|ﬁddLanderer HIEM-Mrid-Imrsion |
rrrrrr tion(2) CreateStack AddLandCover SM-Dielectric-Modeling Land-Cover-Mask Write IEM-Hybrid-Inversion | 4| , |

[] utput correlation length
# dosest sigma match from LUT search (N): |5

Diameter of neighbourhood to average (M): |5

RDC threshold: 1.0

Load & Save %\} Clear [ﬁ Mote @l Help [:‘_.: Fun
NASA's Applied Remote Sensing Training Program
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP -
Hybrid Scheme

& Graph Builder: Hybrid_FullGraph.xml »
Add Land Cover

1. Select the land cover file
. | Read |._>|.t:a|ibr:tion HSpe:kle-Fi“gr '.—>|-Terrain-correction
2 . S e | e CT S O n d G n d C | O y er C TI O n S m O p S | Read(2) |.—>|::a|ibmion¢z; HSpeckle—FiItertZJ |>—)|-Terrain-€orre:tioni,'21 mMﬂ
|Land-Emr-M:sk HSM-Dielectric-Modeling HnddL:nder H IEM-Hyhril:‘l-lnversion

“orrection{Z) CreateStack AddLandCover sM-Dielectric-Modeling  Land-Cover-Mask Write IEM-Hybrid-Inversion 4

Land Cover Model:  AAFC Canada 2000 Crop ~
MAFC Canada 2009 Prairies Crop
MAFC Canada 2010 Prairies Crop
MAFC Canada 2011 Crop
MAFC Canada 2013 Crop
nada Clay Pct

GLC2000
GlobCover

MODIS 2007 Tree Cover Percentage

MODIS 2010 Tree Cowver Percentage

MFI KNM Biomass Stem Wood

NFI KN Biomass Total Live AGE

MFI KNM Merchantable Volume

MFI KNN Stand Height

NFI KN Total Volume

NFI KNN Vegetation N

Load &‘ Save %} Clear @7 Mote @l Help D Fun
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP -
Hybrid Scheme

o o o @ Graph Builder : Hybrid_FullGraphaxml o
SM Dielectric Modeling:

File Graphs

1. Select Hallikainen mixture model A
| Read |._,.|.t:a|ibration |._,|.spe.;u|e.ri|ter Hrerrain.t:orrection
2. Use the default values for the other parameters ol

| Read(2) |.—)-| Calibration(2) H Speckle-Filter(2) |»—)|- Terrain-Correction(2)

|Land-Cmrer-Mask HSM-Dielec‘hic-Modeling HnddLander HIEM-Mrid-Imrsion |

The Haillkainen model was used to estimate the .
volumetric soil moisture, which is based on retrieved | - i

>

. . . R . Zorrection(?) CreateStack AddLandCover SM-Dielectric-Modeling  Land-Cover-Mask Write IEM-Hybrid-Inversion 4| » |
dielectric values. This model requires the soll texture

Dielectric model: Hallikzinen

HE

information (clay and sand fractions)

Max SM: 0.55 | m*3fm"3

Qutput RDC
Qutput Land Cover

Effective soil temperature: 12.0 | Celsius

E‘ Load & Save (’EJ Clear [ﬁ Mote @l Help r:.: Fun

NASA's Applied Remote Sensing Training Program

21


https://arset.gsfc.nasa.gov/

Soil Moisture Processing with the Soil Moisture Toolbox in SNAP -

Hybrid Scheme

Land Cover Mask

1. Select land cover valid agriculture classes
2. Check Exclude dall other bands

NASA's Applied Remote Sensing Training Program

9 Graph Builder : Hybrid_FullGraph.xml X
File Graphs

| Read |>—>|-Cnlibr:tion }-—’|-5pe:kle-FiIter '.—>|-Terriin-(:orrection
CreateStack
| Read(2) |.—>| Calibration(2) H Speckle-Filter(2) |.—)|. Terrain-Correction(2)
L
|LInd-Emﬂ:r-M:sk HSM-Dielectric-Modeling HﬁddL:nder HIEM-Mrid-Imrsion |

e

W
€

>

“orrection{Z) CreateStack AddLandCover SM-Dielectric-Modeling Land-Cover-Mask  write  IEM-Hybrid-Inversion 4

UATy TaEx A
RDC

outlier

debug

land_cover_AAFC Canada 2012 Crop
land_cover_AAFC Canada Clay Pct
land_cowver_AAFC Canada Sand Pct

Land Cover Band: land_cover_AAFC Canada 2012 Crop

Valid land cover dasses: 110 Grassland

120 Agriculture {undifferentiated)
121 -

122 Hay [ Pasture

124 -

125 -
130 Too Wet to be Seeded
131 Fallow

Incude all other bands

Load &‘ Save %\} Clear @7 Mote @ Help D Fun
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Soil Moisture Processing with the Soil Moisture Toolbox in SNAP -

Hybrid Scheme :

. @ Graph Builder : Hybrid_FullGraphaxml ®
Write Output

File Graphs

1. Browse and name the output file

| Read |._,.|.t:a|ibration |._,|.spe.;u|e.ri|ter HTerrain-Correcﬁon |.I
2 ' S e | e CT T h e O p p ro p rl G Te fo rm O T fo r Th e reTrI ev e d | GECETE |’_"|Calibraﬁont21 HSPecnle-FiItertZJ I’_’|'Terrain-t:orrectiontzl chMﬂ
soll moisture product

|Land-Cmrer-Mask HSM-Dielemic-Modeling |-(—|ﬁddLanderer HIEM-Mrid-Imrsion |
3. Run the module

Zorrec tion(2) CreateStack AddLandCover SM-Dielectric-Modeling Land-Cover-Mask Write  IEM-Hybrid-Inversion 4
Target Product

Mame:
RS2-5LCFQ2W-ASC-13-May-2016_00,07-PDS_05057640_Cal_Spk_TC_Stack_SM_ 1|

Save as: | BEAM-DIMAP v
Directory:

Load & Save %\} Clear [ﬁ Mote @l Help r:.: Fun
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oil Moisture Processing with the Soil Moisture Toolbox in SNAP -
Hybrid Scheme

8 13] sm - RS2-5LC-FQ2W-ASC-13-May-2016_00.07-PDS_05057640_Cal_Spk_TC_Stack_SM - C:\Users\jiaox\NASA_training\RS2-5LC-FQRW-ASC-13-May-2016_00.07-PDS_05057640_Cal_Spk_TC_Stack_SM.dim - SNAP - O X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
N aep aga GeP Sh L2 )
aB auiEseee mBxL s 0QAAINVESOR 2
Product Explorer X | Pixelinfo | - =Y
R52-5LCTQ2W-ASC-13-May-2016_00.07-PD05_05057640_Cal_57 p =
£3 Metadata g
3 Index Codings E
33 vector Data g
23 Bands =
B
quality indesx =
RDC )
autlier 2
=z
debug &
H
land_cover_AAFC Canada 2012 Crop 4
Jand_cover_AAFC Canada Clay Pct
land _cover_AAFC Canada Sand Pct
=
sm_masked =
quality index_masked %;
ROC_masked =
outlier_masked 2
debug_masked &
B land_cover_AAFC Canada 2012 Crop_masked
[ land_cover_AAFC Canada Clay Pct_masked
land_cover_AAFC Canada Sand Pct_masked v
< >
Navigation - [...| Colour M... % |Uncertainty ... | World View | —
Editor: () Basic @) Slders () Table 2 lﬁ‘
=
orme: o &
Unit: m* Jwater/m~3soil 95% 100%
Win: 0,029 It
Max: 0.55 1 @t
Rough statistics!
-
w 3 & & o
3@ o= oo oN
7 @ no5o®
Ton
I
# More Options @
X 5482 ¥ 53 Lat 43°4021° N Lon 87°4328" W Zoom 1308.9:1 Level 2

Soil moisture map obtained by inverting the IEM and using a pair of RADARSAT-2 images
acquired May 12/13, 2016, in Southern Manitoba

NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

Mauritania 5
Mali Niger

Burkina
Faso

Guinea ‘eeria
Ghana jg E

L%

Namibia Zimb#s

Indian
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Ocean

Processing Multi-Frequency Data for Use In
Crop Classification



TerraSAR-X

550 km ScanSAR Mode

Overview of the TerraSAR-X Scanning Modes - Revisit time: 11 days

Image Credits: DLR
NASA's Applied Remote Sensing Training Program
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TerraSAR-X StripMap Dual Pol Data

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- Search (Ctrl+]) ‘

TerraSAR-X StripMap dual polarization Multi- SR eNELTe SHWCOAAI VRS

Product Explorer X | Pixel Info [ = [1] Dual Pol Ratio Intensity W+VHRGB X v O
Look Ground Range Detected (MGD) product — feisiasssa: g < e —

@ (@3 Vector Data
- (3 Tie-Point Grids

« Nominal Resolution: 1.2 m (range) * 6.6 m i

=-&3 Bands

[ Amplitude_VH

(azimuth) NP
« Nominal Scene Size: 15 km (range) * 50 km o
(azimuth)

« Dual Polarization: HH&VV, HH&HV, or VV and T
HH e ;)

Ateaqr pnpoid 51

1abeueyy 1ade [[f) |

Jabeuely djsep Ly

X =Y - lat -—-Llon - Zoom -- Level --

TerraSAR-X StripMap dual pol MGD data
acquired on July 27, 2016, over Carman,
Manitoba, Canada
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Pre-Processing RADARSAT-2 Data with SNAP

Extract Backscatter

Speckle Terrain

Calibration Filter Correction

NASA's Applied Remote Sensing Training Program
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Pre-Processing TerraSAR-X Data with SNAP

Graph Builder
* Import the data

« Calibrate pixel value to radar backscatter

« Gamma map filtering,
/ by 7 window size
» Terrain Correction:
— bilinear interpolation
resampling
— 5 m pixel spacing
— UTM zone 14 projection

a [2] Dual Pol Ratio Sigma0 VV+VH RGB - TSX1_SAR_MGD_RE__SM_D_SRA_20160726T125458_20160726T125506_Cal_Spk_... = — O X

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help [Qr Search (Ctrl+T)

SR LRELATEXERC I OAAI N VRO R

Product Explorer X {Pixel Info N — || [2] Dual Pol Ratio Sigmad WW+VHRGB X > A=

File Graphs

‘ Read |._>|c-|iumiun H Speckle-Filter )»—)lTerrsin-Eunzzl.inn H Write ‘

<

Read Write Calibration Speckle-Filter Terrain-Correction
Target Product

Name:
TSK1_SAR_MGD_RE__SM_D_SRA_20160726T125458_20160726T 125506_Cal_Spk_TC

Save as: BEAM-DIMAP ~
Directory:
C:\Users\jiaox \NASA_training

Open in SNAP

Processing completed in 60 seconds (11 MB/s 2 MPixelfs)

Load @ Save %\\/ Clear @’ Note @ Help [> Run

=& [1] TSX1_SAR_MGD_RE_ SM_D_SRA_201¢
-3 Metadata
(- (@3 Vector Data
@@ Tie-Point Grids
(@3 Quicklooks
=-&3 Bands
i@ Amplitude_VH
[ Intensity_VH
[@ Amplitude_vv
[ Intensity_w
©-& [2) TSX1_SAR_MGD_RE_ SM_D_SRA_201¢
- Metadata
- (@3 Vector Data
=-&3 Bands
[ Sigmad_vH
@ sigma0_wv

< >

Navig... ‘Colou... ‘ Uncer... X >
. 45 be 1 ~

Off Globe

Zoom -- Level -

X Lat

<<

Aleiqry pnpoud 40

Jabeuely 124e @

J1abeuely ysel @
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Sentinel-1

« Coverage

— Sentinel-1consists of two satellites: A
(2014) and B (2016)

— Each Sentinel-1 satellite has a 12 day
repeat cycle

— The two satellites offer a 6-day exact
repeat cycle at the equator in the
inferferometric wide swath mode of
acquisition

Satellite Image Credit: ESA/ATG medialab

NASA's Applied Remote Sensing Training Program

Extra Wide Swath " (EW)

Acquired with TOPSAR using 5 sub-
swaths instead of 3, resulting in

lower resolution (20m-x-40m).

ntended for maritime, ice, and pola

zone services requiring wide

coverage and short revisit times.

swath o (IW)

Acquired

resolution.

Interferometric Wide

with TOPSAR. Default mode
over land; 250km swath
width; 5m-x-20m ground

Istripmap (SM)
lUsed in rare circumstances
fo support emergency-

5m resolution over an 80km
swath width.

Product Type for IW Mode:

management services, 5m-x-

Wave & (WV)

Default mode over
oceans; VV polarization.
Data acquired in 20km-x-
20km vignettes, S5m-x-
20m resolution, every
100km along the orbit.

Resolution -
Acg. Resolution o 5 MNo. Looks
Mode Product Type Class [Rng[n:l:lihl] [Rng x Azi]
SLC
W GRD HR
MR
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https://www.esa.int/spaceinimages/Images/2014/02/Sentinel-1

Access Sentinel-1 SAR Data from Vertex

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

w ALASKA SATELLITE FACILITY

ihe Alaska Satellite Facility's data porial for remotely

Vertex Interactive Tours ~ Help ~ ASF Home @ 4 Earthdata Login Download Queue n Contact

Find
World Map | South Polar
Geospatial Granule Missions ; .
® satellite Showing 1 to 36 of 36 entries
v Geographic Region (i ] O Map Sentinel-1A EW 2016-08-01 A

S1A_EW_RAW_ 0...

Path 85, Frame 423, HH+HV
Flight Direction Descending
Absolute Orbit 12407

Data source ESA

® Details ¥ Queue  / Baseline

Option 1: Click on map and move cursor

Option 2: Enter coordinates:

|-98.28,49.71 .-98‘73.4906.—97,44,49.06,-97.52,49.7,-98.28.49|
e.g., -102,37.59.-94,37,-94,39,-102,39,-102,37.59
Counterclockwise, decimal degrees, (long,/at)

Sentinel-1A IW 2016-07-31
S1A_IW_RAW_ 0...
Path 63, Frame 159, W+VH
Flight Direction Ascending
Absolute Orbit 12385
Data source ESA
® Details * Queue  / Baseline

v Date

I

[J seasonal Search

Start Date (yyyy-mm-dd)

2016-06-01 =
Sentinel-1A IW 2016-07-31
End Date (yyyy-mm-dd) S1A IW RAW. 0. 1\,
2016-08-01 =
Show 100 ‘v | entries Previous Next
_ Dataset (i . -
Number of Frames Add to Queue by Type
Select: All | None | 1 S 21+
Copyright ® 2018 Alasks Satellite Facility UA is an AA/EO employer and educational instit and prohibits illegal discrimination sgainst any individusl:
Vertex: ASF’s Data Portal V2.58.00-45 e ex www.alsska.edu/nondiscrimination. §

Phone: (807) 474-5041 W& Contact
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Sentinel-1 Ground Range Detected Data

. £ [1] Dual Pol Ratio Intensity V+VH RGB - S1A_IW_GRDH_15DV_20160707T001531_20160707T001556_012035_01298D_10F...  — m} X
S en Tin e |_ 1 IW mMm O d e g roun d ran g e d e'l'e C '|'e d Flle Edit View Analyss Layer Vector Raster Optical Radar Tools Window Help T
% ARELATR XERC L OAASNVEDO R

product: e T [

=& [1] S1A_IW_GRDH_1SDV_20160707T0015!
- Metadata

ﬂ [1] Dual Pol Ratio Intensity VWW+VHRGB X v O

(-3 Vector Data

« Nominal Resolution: 20 m (range) * 22 m £8

-3 Quicklooks
=& Bands

(azimuth) ey
250 km swatch R
Dual Polarization: HH /HV, or VV/VH

GRDH:

— ground range detected

— high resolution

— Multi-Looked: 5 (range)*1 (azimuth)

— Number of looks and project to ground range

[
Jabeueyy 1a4e [m Aleagr pnpold A0 75

X =Y = Lat L Zoom - Level

Phase information is lost Sentinel-1 GRDH dual pol data

acquired on July 7, 2016, over
Carman, MB, Canada
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Pre-Processing Sentinel-1 SAR GRDH Data with SNAP

Extract Backscatter

Calibration
Apply-Orbit- (DN to

Terrain

Speckle-Filter Correction

File Backscatter
Conversion)

NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

Apply the Precise Orbit File

* For Sentinel-1;

— During the acquisition the satellite position is recorded by a Global Navigation Satellite

System (GNSS)
— To assure fast delivery of Sentinel-1 products orbit information generated by an on-board
navigation solution are stored within the Sentinel-1 Level-1 products

— The orbit positions are later refined by the Copernicus Precise Orbit Determination (POD)

Service
— Precise orbit files have less than 5 cm accuracy and are delivered within 20 days after

data acquisitions
— The accuracy of restituted orbit files is less than 10 cm. The files are available 3 hours after

data acquisitions
— The orbit information of Sentinel 1 can be downloaded from the ESA welbsite
(https://gc.sentinell.eo.esq.int/)

SNAP downloads orbit files and stores these into the folder .../auxdata/Orbits/Sentinel-1/

https://www.asf.alaska.edu/sentinel/data/
NASA's Applied Remote Sensing Training Program
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Pre-Processing Sentinel-1 SAR GRDH Data with SNAP

Graph Builder
* Import the data
« Apply orbit file

« Calibrate pixel value to
radar backscatter

« Gamma Map filtering, 3
by 3 window size
» Terrain Correction:

— Bilinear interpolation
resampling

— 30 m pixel spacing

R Graph Builder : Sentinal_single.xml

File Graphs

‘ Read Hﬁppl}r—ﬂrbﬂ:ﬁle l—b}CIlibrIﬁOH Hspe:kle-ﬁlter HTenlin-Cone:ﬁon |

<

REEd Apply-Orbit-File Calibration Speckle-Filter Terrain-Correction Write

Source Product

MName:
[1] 51A_IW_GRDH_15DV_20160707T001531_20160707T001556_012035_0128D_10FB o[-
Data Format: Any Format
Y
Load E Save %\‘} Clear @7 Note @ Help [> Run

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q. Search (Ctri+
AR INRBALATE LT Y OAAECNVEIOR =

Product Explorer X | Pixel Info — | [H 121 0ual Poi Ratio Sigmal VV+VH RGB X‘ v 0
2 & [1) S1A_IW_GRDH_15DV_20160707T0015
o (33 Metadata
@ (@ Vector Data
(23 Tie-Point Grids
732 Quicklooks
=@ Bands
B Ampitude_vH
m Intensity_vH
B Ampitude_Wv
[ intensity_wv
S @ [2] S1A_IW_GRDH_1SDV_20160613T0015|
i (30 Metadata
¢ (3 Vector Data
= &3 Bands
@l sioma0_wH
@ siomso_w
<

Navig... Colou... | Uncer... x -

Az popold 4

rbeuey 1ake7 [ff)

sbeuey) e

— UTM Zone 14 Projection

X =Y = Lat -—lon - Zoom - Level —

NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

.

« RADARSAT-2 Wide Fine Quad-Pol images acquired on July 3rd 2016, July 27th and
August 20th 2016

» TerraSAR-X StripMap dual pol MGD images acquired on July 26th and August 17th,
2016

« Sentinel-1 IW mode GRDH images acquired on July 13th, July 7th and July 31th,
2016

Images Feed Into the Classifier

h NASA's Applied Remote Sensing Training Program 36
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File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

Q¥ Seerch (Ci41

aj enBLAce NExCroa ANV EOGR: \ IEBED

—|[@re x

Product Explorer X Pixel Info ‘
& [1] TSX1_SAR_MGO_RE__SM_D_SRA_201607257125458_20 1607267 125506_Cal_Spk7_TC
=3 metadsta
+ (3 Vector Data
&3 Bands
-~ VH_TSX_20160725
B vv_rsx_20160726
3@ [2)Rs2 backscatter 20160727
=T Metadsta
# B2 vector Data
=-(3 Bands
S @ (3 S1A_IW_GRDH_15DV_20160707T001531_20160707T001556_012035_01256D_10F8_Orb_Cx
4 (3 Metadata
=-(3) Vector Data
&3 Bands
@ somso_vH
@ sgme0_w

-[3]... x| Colour G Uneerumlquunl...‘WWwa

T 2emp

TerraSAR-X StripMap
dual pol MGD images
acquired on Jul 26
and Aug 7, 2016

NASA's Applied Remote Sensing Training Program

RADARSAT-2 Wide Fine
Quad-Polimages
acquired on Jul 3, Jul
27, and Aug 20, 2016

¥ O [ 13] 0ual Pol Ratio Sigmad VW4VHRGE X |

s £

w

Sentinel-1 IW mode
GRDH images
acquired on Jul 13, Jul
7, and Jul 31, 2016

Zoom — Level —
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Subset Raster to AOI

File E Layer Vector Raster| Optical Radar Tools Window Help

% BB AT ot PASNYEYeR: MEHD

Data Conversion

a) Spatial Subset tab —

Export i S
{Spatial SUbset| Band Subset Metadata Subset

enter the upper left and I —

North latitude bound:

R n ——— = — —  Filtered Band.. E
d GO -I-O OSTer Me U >> Product Explorer X | Pixel info c | —|[@sires x ~ 1 [ (5] Dual Pol Ratio Sigmad VW+VHRGB X 5
5@ [ITSXLSARMDRE_SMDS oo i - ey 2 o~ 3

p gate Unc. | p 2 P
o Q BSIISUCIEIN | Geo-Cading Displacement Bands.. [0 ! . g ™ £
* Subset... I ; » I E
° Geometric Operations > 22
DEM Tools >

Masks > 4
k3
&
=
i

mbeuey mev 1)

West longitude bound:

lower right coordinate e

Scene stepX:

under geo coordinates B

Source scene width:
Source scene height:

[ Fix ful width

b) Band Subset — select . BN —

Navigation - [6]... X Colour Manipulat... | Uncertainty Vi

bands you wish to
subset

c) Metadata Subset: TRt B R
leave as default oo ot My 8 Ml

werpprp,
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Co-Regisiration of Subset Images

w Help Q- Search i+,
@Rkl INBLLSB TR QAT \NVEYORE \d<BVIEEZR O it
» | —|[@Eres x| =

« Spatial alignment of images

« Go to Radar Menu >> Coregistration
>> Coregistration:

a) ProductSet-Reader: Click Plus
sign with line over top adds all
open imagery — Click Revolving
Arrows refreshes metadata

b) Create Stack: Resampling Type
— Bilinear_Interpolation — Click
Find Optimal Master

c) Other tabs: leave as default; - B S e e e e
ensure Write folder is not over-
writing previous files

d) Click Run and Close window
when completed

............

RS2 Backscatter_30m_20160820_subset
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Exporting Data Stacks Out of SNAP

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

« Spatial alignment of D pA RIS UEMUWOBLEL CRELSERERLOAASNVAIORS  AEAY 2EET

« |

| % Product Library i ~|[@Ere x .
Al E]
M Close Product um | §
imaages e g
Close Other Products g
Save Product St_2622016

> > Save Product As.. 5t_263ul2016 =
O 1O KAadr Mmenu i 5
: J2_262d2016 3
Projects ? v3_01an2000 z
: Import > \4 013an2000 2
- 013n200¢ ]
le >> export >> — > _

Exit SAR Formats )

; H\—;;;;;;—; SMOS EE Files to NetCDF...

select file format .tif e

@ HH_Rs2_20160820 s JPEG-2000
[ Hv_Rs2_20160820 s csv
. . B w_Rs2_20160820_sl .
« Canuse ifinR, Python &= e
. ’ B s onssrned  BEAM-DIMAP

7navmxnon.[a 2 N Colouru&n ENVI ;w
GeoTIFF

etfc. | o

NetCDF4-BEAM

@
@
NetCDF4-CF Q
@&
*
By

1abeURy SRl (~‘

EH SNAP - Export Product

Save in: MASA_training hd I‘j‘ "

Subset...

processing_1
Raw

-___j

Recent Items

NetCDF-BEAM

NetCDF-CF

RS2-5LC-FO2W-ASC-13-May-2016_00.07-PDS_05057640_Cal_Spk_T
RS2-5LC-FO2W-ASC-13-May-2016_00.07-PDS_05057640_Cal_Spk_Ti
[l RS2-5LC-FO16W-DES-12-May-2016_12.45-PDS_05057630_Cal.data
Desktop RS2-5LC-FO16W-DES-12-May-2016_12.45-PDS_05057630_Cal_Spk_G
RS2-5LC-FO16W-DES-12-May-2016_12.45-PDS_05057630_Cal_Spk_G
RS2-5LC-FO16W-DES-12-May-2016_12.45-PDS_05057630_Cal_Spk_G

g S1A_IW_GRDH_15DV_20160613T001530_20160613T001555_011685_01
Documents TSX1_SAR_MGD_RE_SM_D_SRA_20160726T125458_20160726T12550¢
) = R52-5LC-FO2W-ASC-13-May-2016_00.07-PDS_05057640_Cal_Spk_Tt
1:77.13 | v E© | Q =i R52-5LC-FO16W-DES-12-May-2016_12.43-PD5_03057630_Cal_Spk_G
- - Zoom -~ Level -
This PC
L4 >
WV Ferme sz 7 senel_tam i
Netwark )
sawer Files of type: | GeoTIFF / BigTIFF data product (=.tif, % tiff)  + Cancel
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