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Learning ODbjectives

By the end of this presentation, you will be able to understand:

 how SAR configurations affect response from soils and crops

* the information content in SAR images relevant to soil and crop conditions
* the optimal sensor parameters for agriculture applications

 how to ingest, pre-process, and process SAR data for use in crop classification and
soil moisture estimation
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How do Radars Differ?

Longer Wavelengths

o “All weather” sensors (unaffected by cloud
cover, haze, dust and all but the heaviest
rainfall). Huge advantage for cloud-prone
regions and time critical operations

 Deeper penetration into target relative to visible
& IR wavelengths. This can be an advantage or
disadvantage.

Active Systems

 Radars provide their own source of energy and
are not dependent upon ambient energy; they
can operate day or night. This can be important
In areas with low illumination such as polar
regions
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Radar Geometry

Slant Range —
g

» distance between antenna and target =

Ground Range .~

Altitud

o distance between the satellite ground track and
the target

Azimuth

« along-track direction or distance
Incidence Angle

« angle between line of sight of radar and vertical to the terrain
* backscatter decreases with increasing incident angle

e rate and function of decrease is target specific

Image Credit: radartutorial.eu
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http://www.radartutorial.eu/

Wavelength or Frequency

Wavelength and frequency are inversely
ele |sole |5 ol = |H = B related
gl |28|8 |zg8| & [ 8| -t =
|5 lE | 7 IB |g | 0 |11 |-|2 |-|3 |-|4 15 |-|5 |-|].r |1E- | C — Speed Of |Ight (3X1O m/S)
i0 10 10 10 10 1d 10 1¢ 10 10 A 10 10 10 H=z
——— A A = wavelength (m)
Low frequency High freguency
Lo aesimgn. Seeeeat oV = frequency (cycles per second, Hz)

Radars operate at longer frequencies / l\ 74 |
between ~ 0.5 cm to ~100 cm in contrast } \/
to optical (visible and infrared) e

Difference
. K~1lcm Another | /\
Wa've + + + t t t t t t t t
- X ~3cm TerraSAR-X and Cosmos SkyMed /
— C ~5cm RADARSAT and Sentinel-1 _

_ S~10cm NISAR .. . . .
N | - 2° 0 PALSAR. SAOCOM, NISAR Phase: the position of a point in time on a

s i R DR i e TG s IR waveform cycle
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Radar Geometry

Range Resolution

* pulse length: the duration of the
transmitted pulse

e range resolution depends on the
length of the pulse: shorter pulses
results in higher resolutions

e if pulses are shortened, transmitted
amplitude must be increased to
maintain same total power in the pulse

e use range pulse compression by
frequency modulation

Image Credit: Natural Resources Canada
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Azimuth Resolution (real aperture radar)

« determined by the antenna beam
width (A) and distance to the target

« Beam width directly dependent upon
wavelength and inversely dependent
upon on size of antenna (or aperture)

o difficult to achieve fine resolution as
requires large antennas, which are
difficult to deploy and operate in
space
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Radar Polarization

e Polarization: the orientation of the
electric field of the electromagnetic
wave

 TO create a wave we simultaneously
feed the radar antenna with
components in two orthogonal
polarizations

* the electric field will equal the vector
sum of the horizontally (H) and
vertically (V) polarized

e the phase difference between these
two components determines whether
the wave will be linearly, elliptically or
circularly polarized
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http://hyperphysics.phy-astr.gsu.edu/hbase/index.html

Linear Polarization

& 2007 Christian Wolff www.radartutorial.eu

V-Polarized

& 2007 Christian Wolff www.radartutorial.eu

» H-Polarized

Linearly polarized wave has:
* no phase offset between transmitted H and V components
e propagation in a plane (H for horizontally polarized and V for vertically polarized)
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Polarization — Transmit and Recelve

SARs transmit in one or more polarizations and then
receive and record the scattered wave in one or
more polarizations

Like-Polarizations

— HH (horizontal transmit-receive)

— VV (vertical transmit-receive)

Cross-Polarizations

— HV (horizontal transmit-vertical receive)

— VH (vertical transmit-horizontal receive)

— HV and VH are theoretically identical and
reciprocity is assumed

Compact-Polarization

— transmit right circular (R) and receive H and V
coherently (RH and RV)

Polarization affects interaction with the target
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Fully Polarimetric SAR — What is This?

e transmits and receives two orthogonal polarizations &>
(usually H and V) and retains the phase between \\ \ \f
these tWO p0|ar|zat|0n3 surface / double—boun/ce volume o:

e permits the complete characterization of the
scattering field

Why is this important?
 With these coherent systems one can:

— synthesize any polarization (linear, circular or
elliptical)

— determine degree of polarization

— decompose the signal to determine the dominant . ’
and secondary or tertiary types of scattering flly poarimetiic data and (b) m- decompostion appled

to simulated compact polarimetric data. Red (double
bounce) Green (multiple/volume) Blue (single bounce)

. §
- ) . 1
a R ; : b T A {. v*:.'

Image Source: Source: Dr. Francois Charbonneau
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The Target

SARs respond to (basically) two fundamental characteristics of an agriculture target:

structure and moisture

Roughness: the statistical variation of the e s o
random component of the surface fﬂv
height relative to a reference surface (in

cm) (root mean square rms height)

,( Random Surface Component

sl A o, N A, o

v
Mean (Reference) Surface

For solls this means
. A field with low random
« random roughness caused by tillage roughness but significant
(and other farm operations) modified periodic structure
by soil erosion and weathering effects
e periodic row structures caused by
tilage and planting

Image Credit: (right) DLR
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TerraSAR-X (VV) captured
tilage occurring on August

26, 2008
QD



How Does Roughness Affect Backscatter?

« Backscatter will increase as soil roughness

_ expected
InNncreases relative SAR
. . . . response
« Bottom line: rougher soils appear brighter in
SAR images
The impact of roughness on backscatter w

depends on the frequency and incident angle
of the SAR. Roughness is a relative concept.

Smooth

Incident Wave Incident Wave

 According to the Rayleigh Criterion, a soill is st et
smooth if A
h < e N T /A
E-C-'DEH Rough S

where h is surface height variation in cm, A is the
wavelength in cm and 0 is the incident angle in
degrees
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It’s All Relative

< 0
L <
Roughness less than “h” would be Josasncs Yanoonr Rogemeli s} Viaams, % 2 £
Viewed as SmOOth by the SAR BASED ON SINGLE TILLAGE OPERATIONS [12]. % <QE é
Tillage Operation s (cm) L i
Incident Angle of 30° Lerge offset disk L —
Moldboard plow 3.2
TerraSAR-X (3.1 cm) h<0.45cm Lister 2.5
RADARSAT-2 (5.6 cm) h<0.81cm g“k‘ 2l fz
PALSAR (23.6 cm) h<3.42 cm Field cultivator 1.5
Incident Angle of 50° I -
Rotary tillage 1.5
TerraSAR-X (3.1 cm) h<0.60 cm Harrow 1.5
Anhydrous applicator 1.3 e
RADARSAT-2 (5.6 cm) h<1.09cm o P
PALSAR (23.6 cm) h<4.59 cm Planter 1.0
No till 0.7
Smooth 0.6

Jackson, T.J., McNairn, H., Weltz, M.A., Brisco, B. and Brown, R.J. (1997). First order surface roughness correction of
active microwave observations for estimating soil moisture. |[EEE Transactions on Geoscience and Remote Sensing
35:1065-1069.

Viewed by SAR as rough at 50° Viewed by SAR as smooth at 50°
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One Complication

e “Look direction” of SAR relative to the row direction
Impacts the strength of radar return. Creates a so-
called “bow-tie” effect

* The strongest backscatter results are when the SAR
look direction is perpendicular to the direction of
the rows

e Row direction effects can result due to the
direction of planting, tillage, and harvesting

e This phenomenon is not present when fields are
Imaged in cross-polarizations (HV and VH) as these
polarizations are responding to volume scattering
rather than surface scattering

— among other reasons, this makes HV and VH
attractive for vegetation monitoring

NASA’s Applied Remote Sensing Training Program

Flight direction
Look direction




What About Water in the Target?

SAR is known to be sensitive to moisture, but why? &

 a microwave will continue to propagate until it encounters
a dielectric discontinuity, as happens when water is

present in soll
* the dielectric constant is a measure of the ease with which v
dipolar molecules (such as water) rotate in response to an applied field

« dielectric constant (¢) is a complex value characterizing both the permittivity (¢’)
(real) and conductivity (€”) (imaginary) of a material [e =€ - | €]

 when an electric field is applied, free water molecules easily rotate to align with
the field

 frictional resistance is low and little energy stored in the rotation is lost when the
wave passes and the molecule relaxes. Most of the stored energy is released.

 real dielectric ranges from ~3 (very dry soils) to 80 (water) image Credt: Anton Paar
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https://www.anton-paar.com/us-en/

What Does This Mean for SAR?

a strong positive relationship between real
dielectric constant and SAR backscatter

a strong positive relationship between real
dielectric constant and soil moisture

In a nutshell: more water in the target = higher
backscatter = brighter returns

 Applies to ANY target (soil, vegetation etc.)

penetration depth (6,) into soil and/or crops is
defined by the dielectric (¢), wavelength (A), and
incident angle

e penetration increases with wavelength and is
greater when the target (soil or crops) is drier

Image Credit: Canadian Space Agency
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Vegetation Effects

The scale is very different from optical
« Scattering of longer-wavelength
microwaves is driven by

a) larger scale structures (size, shape and
orientation of leaves, stems and fruit)

b) the volume of water in the vegetation
canopy (at the molecule level)

So why is SAR sensitive to crop type and crop
development?

« Crop structure changes significantly from
one crop to the next, and as crops move
through their growth stages

NASA’s Applied Remote Sensing Training Program

Crop structure varies significantly
among soybeans, wheat, and corn




Scattering from Crops - It’'s Complicated

 many different types and combinations of scattering
can occur in a crop canopy

e a microwave entering a canopy may scatter directly
off a leaf, or may scatter from the stem of one crop to
the leaf of another, or may make its way to the soill
where it scatters from the soil. The wave may also make
its way out of the canopy without further scattering, or
may hit parts of the canopy on its way out.

* these scattering events determine how much of the
energy will return back to the SAR sensor, and how the
phase between, for example, H and V components will

[ —

. Multiple volume scattering from

: within canopy
change (offsets in phase and how random the phase 2. Direct scattering from soi
becomes) 3. Direct scattering from canopy
. Co 4. Multiple scattering between soil and
* these scattering characteristics tell us what type of canopy

crop is present and what the condition is of that crop
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SAR Configurations Relative to Crop Characteristics

Frequency:
e canopies can attenuate or scatter microwaves
 the dominance of one or the other depends on the wavelength

relative to the size of the canopy components I’WWU\,
e scattering occurs when canopy component (such as a leaf) is |

close to or larger than wavelength W\/
 some components (such as heads of wheat) will attenuate (\/\/

microwaves, especially at shorter wavelengths

* frequency also affects penetration depth; longer wavelengths

penetrate deeper into the canopy and involve more interaction ’a _P”
with the soll v .w’ﬂ

A
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SAR Configurations Relative to Crop Characteristics

What is the best frequency? It depends

» soil moisture: longer wavelengths (like L-band) are better as they
penetrate deeper into the canopy and interact with soll

» crop classification and biophysical modeling: depends on
canopy

 need enough penetration into canopy (L- or C-band for corn, for \/\/\/
example) but not too deep so that we have soil interference (C- |
or X-band for lower biomass crops like soybeans) [\/\/
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SAR Configurations Relative to Crop Characteristics

Polarization

affects how microwaves interact with crop

V-polarized waves couple with vertical
structured vegetation and more of the energy
Is attenuated

H-polarized waves have greater penetration
through the canopy to the underlying soill

cross-polarizations (HV/VH) are sensitive to the
target volume and are not affected by row
effects

HV or VH is the single best polarization for either
crop identification or crop biophysical
estimation

next best polarization is usually VV

NASA’s Applied Remote Sensing Training Program

Corn Soybeans

Airborne CV-580 C-Band SAR, South of Ottawa,
1998 July 9
R=HH G=HV B=VV



SAR Configurations Relative to Crop Characteristics

Incident Angle

* not as critical for crop identification

— 7

» for temporal change detection, do not mix ARl

angles

« for biophysical estimation, it’s ok to mix angles
as long as the model accounts for the incident
angle

2 km Wheat

_ N -

Barley Corn o S{))Izjjednlc -

Airborne CV-580 C-Band SAR, South of Ottawa,
1998 July 9
R=HH G=HV B=VV

NASA’s Applied Remote Sensing Training Program 22 .



A Complication: The Environment

Always, always, always check the environmental conditions at
the time of image acquisition before using SAR data

Rule 1: Never use SAR if it was raining at the time of the
acquisition

 Why? Although SAR is considered “all weather” this does not
Include imaging during rain events as water in the atmosphere

will cause SAR scattering. In some regions of world, risks are
diurnally dependent.

Rule 2: Never use SAR if the ground is frozen

 Why? The dielectric constant drops close to zero when water
changes to a frozen state. Thus even if there is water in the soill,
the SAR will view the soil as dry. SAR can detect freeze/thaw
events. Freezing often occurs overnight.
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A Complication: The Environment

Rule 3: Consider if dew might be present during early morning
acquisitions

 Why? Presence of water on leaves will increase backscatter
(big problem for biophysical modelling). If water on canopy is
significant (just after rain), contrast between targets can be

reduced. Dew is most prominent in temperate regions in early
morning hours.

« Select orbits (ascending — evening; descending — morning)
carefully

« Always check in with meteorological stations
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Another Complication: Noise in SAR

when we think of SAR, each resolution cell is
composed of many scattering elements, which
contribute to the scatter

* these scattered waves have a phase determined by
the scattering events

the response from each resolution cell is the sum of the
amplitude and phase from these scattering elements

 all of these scattered waves can lead to complex
Interference, sometimes this is constructive (bright
pixels) and sometimes destructive (dark pixels)

* the result: speckle “salt and pepper” noise
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Destructive Interference

RESULT

Example of Homogenous Target
Censtructive interference Destructive interference

Varying degrees of interference




Speckle Suppression

Speckle can be reduced two ways

 multi-look processing - divides the radar
beam into several narrower sub-beams.
Each sub-beam provides an independent
“look.” These looks are summed to form a
final output image with reduced speckle

« spatial or temporal averaging - speckle
reduction filters applied to the detected image

 multi-looking and spatial filtering reduce speckle at the expense of resolution
Adaptive radar speckle filters
o adaptive radar filters will reduce speckle while preserving the edges

» these filters will modify the image based on statistics extracted from the local
enVIronment Of ea'Ch plxel Image Credit: Par Bleu Technologies
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http://www.parbleu.biz/filter.htm

Hands-on Demonstration



Pre-Processing RADARSAT-2 QP SLC data with SNAP (6.0)

Extract Backscatter for Four Linear Polarizations

__Read B Calibration B

Polarimetric- Terrain er te
Speckle-Filter Correction
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Pre-Processing RADARSAT-2 QP SLC data with SNAP (6.0)
Read RS2 SLC .zip Image

Using RADARSAT-2 quad pol FQ15W mode SLC data acquired on July 27, 2016, over
Carman, MB, Canada

Product Explorer % | Pixel Info | =
E-& [1] RS2-5LC-FQ15W-ASC-27-1ul-2016_00,20-PDS_D5173900

[ [ Intensty 1V = EEE

Aleagn npoud G

Jabeuey) 1ade7 [

1aBeUEy HEEl [y

Quicklooks =
[1] RS2-5LC-FQ15W-ASC-27-ul-2016_00.20-PDS_05173... | Quicklook +

NASA’s Applied Remote Sensing Training Program 29




Pre-Processing RADARSAT-2 QP SLC data with SNAP (6.0)

Calibration: Convert Pixel Values to Radar Backscatter

B [2] Rs2-SLC-FQLSW-ASC-27-Jul-2016_00.20-PD5_05173900_Cal - [F\SMAPVEXL6\SAR\ processed\RS2_FQ15_20160727_process\RS2-5LC-FQL5W-ASC-27-Jul-2016_00.20-PDS5_05173900_Cal.dim] - SNAP = |
Q. Search (Ctrl+D)

File Edit View Analysis Layer Vector Raster Optical Tools Window Help

= B GCP = + o GoP ~ x

PN T Y Y AR AT LY YN EEER P
Radiometric 3 Calibrate

Progm Explorcigs | Pixel Info | I SpeckleFiltering D Radiometric Terrain Flattening VB =E 2]

1] R52-5LC-FQ15W-ASC-27-Jul-2016_00,20-PD5_05 = s 2

- & éll MEtadataQ - - Carenisiialion 4 Remove Antenna Pattern 3

. ) g

- [E3 Vector Data Interf.erometnc ' 5-1 Thermal Moise Removal ?

(- (33 Tie-Paint Grids Polarimetric L g

- (E3 Quicklooks Geometric » H

£

& Calibration
File Help

f- 3 Bands Sentinel-1 TOPS b
S.&  [2] RS2-5LC-FQ15W-ASC-27-Jul-2016_00,20-PDS_05 EMVISAT ASAR s

=
—
5
& (3 Metadata SAR Applications 4 i
-3 Vector Data Biomass 5 Processing Parameters =z
-3 Tie-Point Grids _ ]
=03 - Soil Moisture 4 Source Bands: i_HH - b
SAR Utilities » q_HH
SAR Wizards 8 ntensity i £
i_HY =
Complex to Detected GR _ q_Hv F
8
Multilooking : Intersity_HY z
] i_VH 3
2
g_VH 2 2
ENVISAT Auxiliary File: Latest Audliary File

Quicklooks 2 = Save as complex output

[2] RS2-5LC-FQISW-ASC-27-1ul-20 16_00.20-PDS_05173900_..| Quicklook |

B

-

Save in dB

Create gamma0 virtual band

Create beta0 virtual band

e €
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Pre-Processing RADARSAT-2 QP SLC data with SNAP (6.0)
Speckle Filter -- 5 by 5 Gamma Map

B [1] R52-SLC-FQLSW-ASC-27-Jul-2016_00.20-PDS_05173900 - [F\SMAPVEXI6\SAR\Raw\R52_OK77296_PK684776_DK615217_FQL5W_20160727_001958_HH_VW_HV_VH_SLC.zip] - SNAP == =
|Qv Search (Ctrl+1) |

File Edit View Analysis Layer Vector Raster Optical Tools Window Help
L Y L N e rivvEden: \MEED * <4
Radiometric 3

nsity_H 28| [ [3] Intensity_HH 2 EREE

Lroguct Explorenes | PixelInfo | Speckle Filtering ' Single Product Speckle Filter
= [1] RS2-5LCFQ15W-ASC-27-Jul-2016_00.20-PDS_05 Coregistration N
S [2] R52-5LC-FQ15W-ASC-27-Jul-2016_00,20-PDS_05
=-E [3] RS2-5LC-FQ15W-ASC-27-1ul-2016_00.20-PD5_05

Multi-termporal Speckle Filter
Interferometric 3

Polarimetric J

Adeagr npoid

Geometric r
Sentinel-1 TOPS 3
ENVISAT ASAR 3
SAR Applications J
Biomass 3
Soil Maoisture J

& Single Product Speckle Filter
File Help

10 Parameters Processing Parameters

JaBeUEy Jaie] ﬂn

SAR Utilities 3 Intensity_HH
SAR Wizards ’ Intensity_HV

Intensity_YH
Complex to Detected GR Intensity_Wv

Source Bands:

Multilooking

IBBEUE y5ELy %

Gamma Map
5
Filter Size ¥ {odd number): 5

Filter:
Filter Size X {odd number):

Quicklooks = =
[1] RS2-5LC-FQ15W-ASC-27-Jul-2016_00.20-PD5_05173900 Quicklook
=
=

—

Estimate Equivalent Mumber of Looks E

Number of Looks: 1.0

e € & 8] &
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Pre-Processing RADARSAT-2 QP SLC data with SNAP (6.0)

Terrain-Correction

8 [1] RS2-SLC-FQI5W-ASC-27-Jul-2016_00.20-PDS_05173900 - [F:\SMAPVEX16\SAR\Raw\RS2_OK77296_PKG84776_DK615217_FQ15W_20160727_001958_HH_VV_HV_VH_SLC.zip] - SNAP = | [
File Edit View Analysis Layer Vector Raster Optical -Tools Window Help |Q‘ Search (Ctrl+) |
: : = GCP : g D GoP = 7. : : X~ 101
aP NG LS B sET]  wyonthic AN vE9eRs:  MEEHD ¢ &< &
Radiometric 3
Product Explarer % | Pixelinfo | Speckle Filtering lty_tv 52| [ [2] intensity_HH | B [2] Intensity Hv 5| [ [3] Intensity_HH 52| [ [4] Intensity_HH | [ [4] Intensity HV 5 LEE g
@ [1] RS2-5LC-FQ15W-ASC-27-1ul-2016_00.20-PDS_05 Coregistration z
S [7] R52-5LC-FQ15W-ASC-27-1ul-20 16_00,20-PD5_05 ) =
Interferometric a
& [3] RS2-5LCFQ15W-ASC-27-1ul-2016_00.20-PD5_05 o s s
: = &
-5 [4] RS2-5LC-FQISW-ASC-27-1ul-2016_00.20-PDS_05 Holnmetne P i
5 £ Metadata Geometric T, e = Range Doppler Terrain Correction =
: 3 vector Data Sentinel-1 TOPS Ellipsoid Correction SAR Simulation g File Help ;
= a ands X ELATNTAART SAR-Mosaic SAR-Simulation Terrain Correction _m I
B Intensity_HH SAR Applications ALOS Deskewing o = 1jO Parameters g 2
B Intensity_Hv 7 g 5 P ; =
B intensity_vH lomass Slant Range to Ground Range ource Bands: i_HH =
; Soil Moisture i q_HH &
[ ntensity_wv Update Geo Reference Intensity_HH z
SAR Utilities > 3 -
i_HY .
SAR Wizards X =% 3 q_HV =
Complex to Detected GR g 3 B [ntensity_HV S
; i - . i_VH 2
T ) a
Multilooking a_VH z
. . r 3
Digital Elevation Model: SRTM 3Sec (Auto Download) o
L [}
DEM Resampling Method: |BILINEAR_INTERPOLATION
Quicklooks % = Image Resampling Method: | BILINEAR_INTERPOLATION
uic| s -
Source GR Pixel Spadings (az x rg):  5.11{m) x 8.2(m)

[1] RS2-5LCFQ15W-ASC-27-1ul-2016_00. 20-PDS_05173900 Quicklook w | Fixel Spacing {m): 10

Pixel Spacing (deg): 8.9331528411952156-5

Map Projection: [ UTM Zone 14 / World Geodetic System 1984

Mask out areas without elevation 7] Output complex data
Output bands for:
Selected source band [~ DEM [ Latitude & Longitude

[ Incidence angle from ellipsoid [ Local indidence angle ] Projected local inddence angle

[T] Apply radiometric normalization
Save Sigma0 band Use projected local incidence angle from DEM
Save Gammal band Use projected local incidence angle from DEM

Save Betal band

Auxiliary File (ASAR only): Latest Ausiiary File

e ¢« ® 3 =
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Pre-Processing RADARSAT-2 QP SLC data with SNAP (6.0)

RapidEye natural color image
acquired on July 22, 2016

RGB false color composite of
s RADARSAT-2 images acquired

( R=HH, G=HV,B=VV)

i » ; §
NASA’s Applied Remote Sensing Training Program 33 .




Pre-Processing RADARSAT-2 QP SLC data with SNAP

Implement Polarimetric Decomposition

: : Polarimetric-

Polarimetric-
o> D w
ecomposition
\ 4
Terrain
Correction

>
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Pre-Processing RADARSAT-2 QP SLC data with SNAP (6.0)
Read RS2 SLC .zip Image

Using RADARSAT-2 quad pol FQ15W mode SLC data acquired on July 27, 2016, over
Carman, MB, Canada

Product Explorer ‘ Pixel Info = m [1] Intensity_HV = EE‘ @ '_‘-‘

-5 [1] RS2-5LCFQ15W-ASC-27-Jul-2016_00. 20-PDS_05173900 g ot : . : : : z

3 Metadats 4

Cl Vector Data E

5

2 Tie-Point Grids o

2 Quicklocks =
3 Bands

=

&

B

z

]

&

i

=]

=

a

2

=

]

2

8

Quicklooks 2 =]
[1] R52-5LC-FQ15W-ASC-27-Jul-20 16_00.20-PD5_05173... :Qui:klock -

AT E IR B
ez
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Pre-Processing RADARSAT-2 QP SLC data with SNAP (6.0)

Calibration: Convert Pixel Values to Radar Backscatter

B [2] Rs2-SLC-FQLSW-ASC-27-Jul-2016_00.20-PD5_05173900_Cal - [F\SMAPVEXL6\SAR\ processed\RS2_FQ15_20160727_process\RS2-5LC-FQL5W-ASC-27-Jul-2016_00.20-PDS5_05173900_Cal.dim] - SNAP = |
Q. Search (Ctrl+D)

File Edit View Analysis Layer Vector Raster Optical Tools Window Help

= B GCP = + o GoP ~ x

PN T Y Y AR AT LY YN EEER P
Radiometric 3 Calibrate

Progm Explorcigs | Pixel Info | I SpeckleFiltering D Radiometric Terrain Flattening VB =E 2]

1] R52-5LC-FQ15W-ASC-27-Jul-2016_00,20-PD5_05 = s 2

- & éll MEtadataQ - - Carenisiialion 4 Remove Antenna Pattern 3

. ) g

- [E3 Vector Data Interf.erometnc ' 5-1 Thermal Moise Removal ?

(- (33 Tie-Paint Grids Polarimetric L g

- (E3 Quicklooks Geometric » H

£

& Calibration
File Help

f- 3 Bands Sentinel-1 TOPS b
S.&  [2] RS2-5LC-FQ15W-ASC-27-Jul-2016_00,20-PDS_05 EMVISAT ASAR s

=
—
5
& (3 Metadata SAR Applications 4 i
-3 Vector Data Biomass 5 Processing Parameters =z
-3 Tie-Point Grids _ ]
=03 - Soil Moisture 4 Source Bands: i_HH - b
SAR Utilities » q_HH
SAR Wizards 8 ntensity i £
i_HY =
Complex to Detected GR _ q_Hv F
8
Multilooking : Intersity_HY z
] i_VH 3
2
g_VH 2 2
ENVISAT Auxiliary File: Latest Audliary File

Quicklooks 2 = Save as complex output

[2] RS2-5LC-FQISW-ASC-27-1ul-20 16_00.20-PDS_05173900_..| Quicklook |

B

-

Save in dB

Create gamma0 virtual band

Create beta0 virtual band

e €
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Pre-Processing RADARSAT-2 QP SLC data with SNAP (6.0)
Speckle Filter -- 5 by 5 Boxcar

ﬂ [1] R52-5LC-FQ15W-AS5C-27-Jul-2016_00.20-PD5_05173900 - [FASMAPVEX1G\SAR\Raw\R52_OK77296_PKb84776_DK615217_FQL5W_20160727_001958_HH_VV_HV_VH_SLC.zip] - SNAP (| e | X
File Edit View Analysis Layer Vector Raster Optical Tools Window Help |Qv Search (Ctrl+I) |

= hY GCP |~ it Fi O GCP ~ 7 X 101
R LML LS BISET | Aeyonifi 2N vERBEYeR: \MEHD ¢ <
Radiometric 3
Product Explorer % | Pixelinfo | T e , Single Product Speckle Filter fntensity_rv [ [31T1 u| . HEE g
1] RS2-5LC-FQ15W-ASC-27-Jul-2016_00.20-PDS_05 . - 12 i g g : 4 o
=-Q I 2 = - - Coregistration Multi-temporal Speckle Filter 3
= [2] RS2-5LCFQ1SW-ASC-27-Jul-2016_00,20-PDS_05 . 2
Interferometric a
28 [3] RS2-5LC-FQ15W-ASC-27-Jul-2016_00,20-PD5_05 X X s
Polarimetric g
Geometric =
Sentinel-1 TOPS
ENVISAT ASAR & Single Product Speckle Filter %
SAR Applications File Help %
Biomass =
i 3
Soil Meisture .é‘
SAR Utilities A ;
SAR Wizards q_HH =
Complex to Detected GR IInEnswty_HH z
Multilooking Source Bands: q__H\l' m;
Intensity_HV %
i_VH 3
q_VH
Filter: | Boxcar
- = \
Quicklooks | - EI. Filter Size X (odd number): |5
[1] R52-5LCFQ 15W-ASC-27-1ul-2016_00, 20-PDS_05173900 Quiddook
— — = — r; Filter Size ¥ (odd number): |5
[
=

e e R
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Pre-Processing RADARSAT-2 QP SLC data with SNAP (6.0)

Freeman Durden Decomposition

e
Q> Search (Cirl+D)

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

: GCP = it Fi 0 GCP = 7. : X 10T
D0 ARG BTt |Apyomifie 2N vE9eR: MEHD X< 8
Radiometric 3
Product Explorer % | Pixelinfo__ | Speckls Filtering v |l Intensity Hv 5 [ (2 Intensity_HH 5| (B [2) intensity Hv [ [31 711 56 [[E [4) Freeman.cbls 33| [ [4] Freeman_vol o = B g
& [1] R52-5LC-FQ15W-ASC-27-Jul-2016_00.20-PDS_05 Coregistration 3 : ; (45 e : : w i .
RS2-5LC-FQ15W-ASC-27-Jul-2016_00.20-PDS_05 - [ 2
Ea Q @ q & 7 = Interferometric 3 r':,_\,
BB [3] RS2-5LCFQI5W-ASC-27-Jul-2016_00, 20-PDS_05 2ol =
; i | g
E-E [4] RS2-5LCFQI5W-ASC-27-Jul-2016_00, 20-PD5_05 | Relssimeton i Launch Pol5ARPro s
Ii;—}- 3 Metadata Geometric 4 Compact Polarimetry -
@ (3 Vector Data Sentinel 170PS ' Polarimetric Matrix Generation =
- (E3 Tie-Point Grids EMNVISAT ASAR 4 : - -
oE £3 Band Polarimetric Speckle Filter [
ok AR SAR Applications 3 s . : r
B Freeman_dbl_r Polarimetric Orientation Angle Correction =
= Biomass 3
[ Freeman_vol g SR l Polarimetric Decomposition 1/0 Parameters | Processing Parameters §
oil Moisture o
B Freeman_surf b i Polarimetric Parameters — - c
SAR Utilities b . Decomposition: | Freeman-Durden Decomposition -
SAR Wizards i Polarimetric Unsupervised Classification Window Size: :
Complex to Detected GR Supervised Classification Training ?
y . Supervised Wishart Classification @
Multilocking =
cl
U
2
Quicklooks # =
[1] RS2-5LCFQ15W-ASC-27-1ul-2016_00,20-PD5_05173900 | Quicklook
=
=

e als
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Pre-Processing RADARSAT-2 QP SLC data with SNAP (6.0)

Terrain-Correction

A [5] RS2-5LC-FQI5W-ASC-27-Jul-2016_00.20-PDS_05173900_Cal_SpkBox_Decomp_TC - [F:\SMAPVEX16\SAR\processed\RS2_FQ15_20160727_process\RS2-SLC-FQ15W-ASC-27-Jul-2016_00.20-PDS_05173900_Cal_SpkBox_Decomp_TC.dim] - SNAP =

File Edit View Analysis Layer Vector Raster Optical |Radar| Tools Window Help Q- Search (Ctrl+)
@%%%%%%%1{% Apply Orbit File 1@&3\@1?@%3 \gﬂﬂEED;té::%S{

Radiometric 3
Product Explorer % | Pixel Info | Speckle Filtering v B [1 Intensity_Hv = | [ [2] Intensity_HH 5| [B] [2] Intensity_Hv & | [ [3]1 711 se| [ (4] Freeman_dbl_r = | [ [4] Freeman_vol_g | [H] [5] Freeman_vol g = EEE &
= [1] R52-5LC-FQ15W-ASC-27-Iul-2016_00. 20-PDS_05 Coregistration > 'y 3
o -27-1ul-: i - o
& [7] R52-5LC-FQ15W-ASC-27-JUl-2016_00, 20-PDS_05 - . . £
B [3] RS2-5LC-FQ15W-ASC-27-Iul-2016_00, 20-PDS_05 X X '*. =
Polarimetric 3 - - - =
[4] RS2-5LC-FQ15W-ASC-27-ul-2016_00, 20-PDS_05 P ) ]
[5] R52-6LC-FOISW-ASC-27-1ul-2016_00,20-PDS_05 Geometric J Terrain Correction T = Range Doppler Terrain Correction =]
3 Metadata Sentinel-1 TOPS 3 Ellipsoid Correction SAR Simulation : File Help
Vector Data 5 i
g e ELVEATIASAR ' SAR-Mosaic SAR-Simulation Terrain Correction 4 %
anas H . -
SAR Applications 14 ALOS Deskeing - 2 e /O Parameters
Biomass 4 Slant Range to Ground Range Source Bands: Freeman_dbl_r
i i Freeman_vol
Soil Moisture ' Update Geo Reference Freeman_surfjb
SAR Utilities 3 r I
SAR Wizards 3
Complex to Detected GR
Multilocking
Digital Elevation Model: |SRTM 35ec {Auto Download) -
DEM Resampiing Method: |BILINEAR_INTERPOLATION -
Image Resampling Method: f 1
Quicklooks o l \BILINEAR_INTERPOLATION -
r 1 Source GR. Pixel Spacings (az x rg): 10.0{m}) x 10.0{m
[5] RS2-5LC-FQ15W-ASC-27-1ul-2016_00. 20-PDS_05173900_Cal_SpkBox_Decomp... |Quicklook - . . Ipa o o () ()
X = Pixel Spacing (m): 10.0
= i i
- Pixel Spacing (deg): 8.983152841195215E-5
= Map Projection: [ UTM Zone 14 / World Geodetic System 1984

Mask out areas without elevation [~] Output complex data
Output bands far:
Selected source band [ DEM [ Latitude & Longitude

[ Inddence angle from elipsoid [ Local inddence angle [~ Projected local inddence angle

[ Apply radiometric normalization
Save Sigma0 band Use projected local incidence angle from DEM
Save Gammal band Use projected local incidence angle from DEM

Save Betal band

Auiliary File (ASAR only): Latest Auxiliary File

e €% 92
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Pre-Processing RADARSAT-2 QP SLC data with SNAP (6.0)

RapidEye natural color image
acquired on July 22, 2016

RGB false color composite of
Freeman-Durden
decomposition images
(extracted from RADARSAT-2
acquired on July 27, 2016).

Freeman-Durden decomposition R=Surface, G=Volume,
image extracted from RADARSAT-2

QP data acquired on July 27, 2016 B=Double
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Soil Moisture Processing with the Soil Moisture Toolbox in the SNAP
Software Using RADARSAT-2 Data

« Soil moisture map derived from one a.m. RADARSAT-2 acquisition and one p.m.
RADARSAT-2 acquisition using multi-angle approach

« RADARSAT-2 a.m. and p.m. data collected only one date apart. The inversion
method is performed on the overlapping geographic area.

= " Carrain CreateStack
Read i Caliaiion g8 ke B e

Correction
AddLandCover

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

Land-Cover-Mask
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Soil Moisture Processing with the Soil Moisture Toolbox in the SNAP
Software Using RADARSAT-2 Data

A SNaP [

Q= Search (Cirl+1)

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
b B o [=1=2=] Y GOP A X
SR RBELTe NERC  vAAN N VRO R: DEED ¢
Product Explorer % | Pixel Info | 2| [ (21 SndlairrGB % A=

- [1] RS2-5LCFQIW-ASC-13-May-2016_00.07-PDS_05057540_
. -3 Metadats

23 Index Codings

Cl Vector Data

23 Bands

(-6 [2] RS2-SLCFQIW-ASC-13May-2016_00.07-PDS_05057640
Ié!- 2 [3] RS2-5LC-FQ16W-DES-12-May-2016_12.45-PDS_D5057630
223 Metadata

B Abstractzd Metadata

- Original_Product_Metadata

Cl Vector Data

23 Tie-Point Grids

(33 Quicklocks

23 Bands

Jabeuey leAe “ﬂ

JBBEUEL HEEly m

‘ m

Navigati... # | Colour Ma. Uncertaint. World View |

L LSS

W= = lat —Llon — Zoom — Level — 2

RADARSAT-2 SAR image acquired RADARSAT-2 SAR image acquired on
on May 13, 2016 Ascending pass May 12, 2016 Descending pass
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oil Moisture Processing with the Soil Moisture Toolbox in the SNAP
oftware Using RADARSAT-2 Data

A SNap e[ el
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

aBonBLeeNEBrCr o@QAINVEROO0R: \DEHD *$ <8 ¥

Product Explorer % |Pixelinfo | o|[@ s =
-8 [1] RS2-5LCFQ2W-ASC-13-May-2016_00.07-PDS_05057540_Cal_Spk
i 31 Metadata

(£3 Index Codings

3 Vector Data

=23 Bands

B sm

quality index

RDC

land_cover_AAFC Canada 2012 Crop

land_cover_AAFC Canada Clay Pct

land_cover_AAFC Canada Sand Pct

sm_masked

LD E]

Areigi] pnpoag é."

1ebevey =i ()

quality index_masked

RDC_masked

land_cover_AAFC Canada 2012 Crop_masked
land_cover_AAFC Canada Clay Pct_masked
land_cover_AAFC Canada Sand Pct_masked

=
=
I
&
E
=
I
=1
o
=)
]

4| m |

Navigatio... % | Colour Mani... |Uncertainty ... Worid View |

TELLELL .

16149411 i v @

X —-Y - lat —-Llon — Zoom — Level —
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Pre-Processing Sentinel-1 SAR GRDH Data with SNAP (v 6.0)

» Orbit-File » LY[ilele]d » Calibration o> Ciltar

&

Terrain
Correction

&
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Access Sentinel -1 SAR data from Vertex
https://vertex.daac.asf.alaska.edu/

IE\fALASKA SATELLITE FACILITY

Wertex is the Alaska Satellite Facility's data portal for re

y of the Earth

Verlex  Interactive Tours ~  Help~  ASF Homer 4 Farthdata Login =~ Download Queve [l Contact

Find
World Map | South Polar
Geospatial Granule Missions - :
® satallite Showing 1 to 36 of 36 entries
+ Geographic Region a O Map Sentinel-1A EW 2016-08-01 4

S1A_EW_RAW_ 0.

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

Data source ESA

(@ Details | v Queue | / Baseline

Option 1: Click on map and move cursor

Option 2: Enter coordinates:

|-98.28.49.71.-95.73.49.06.-97.44.49.06,-97.52,49.7 -98.25,49
e.g., -102,37.59,-94,37,-94,39,-102,39,-102,37.59
Counterclockwise, decimal degrees, (long,lat)

Sentinel-1A IW 2016-07-31
S1A W RAW_ 0.

Path 63, Frame 159, W+VH

Flight Direction Ascending

Absolute Orbit 12385

Data sourc

El Details = % Queue |/ Baseline

+ Date

!

[J seasonal Search

Start Date (yyyy-mm-dd)

2016-06-01 =
Sentinel-1A IW 2016-07-31
End Date (yyyy-mm-dd) S1A W RAW 0. (¥
2016-08-01 = _—
Show| 100 w | entries Previous Mext
Imagery 82018 T i
_ Dataset o R
Number of Frames Add to Queue by Type
Select: All | None 125 21+
Copyright @ 2018 Alaska Sateflite Facility V r-t UA 1s.an AAJEC employer and educational mstitutron and prohibits illegal discrimmation against any individual:
Vertex: ASF's Data Portal V2 .58 00-45 e ex www slaske edu/nondiscrimination.

Phione: (B07) 474-5041. 75 Contsct
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https://vertex.daac.asf.alaska.edu/

Sentinel -1 SAR GRDH Data Pre-Processing with SNAP (v 6.0)
Read Sentinel-1 .zip Image

Using Sentinel-1A IW mode GRDH level -1 data acquired on July 31, 2016, over
Carman, MB’ Canada HR | 20x22 | 10x 10 | 5x1 | 14

E [1]Intensity_VH - [S1A_IW_GRDH_15DV_20160731T001533_20160731T001558_012385_0134FE_1CFC] - [F:ASMAPVEX16\Sentinel 1\RAW\GRDH\S1A_IW_GRDH_15DV_20160731T001533_20160731T001558_012385_0134FE_1CFC.zip] - SNAP =0 |

Qg Search (Cirl+T)

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
aB INBBTLATB X aR(ASNTROOR: IEHED ¢ §
EMEE

= | (B [ Intensity VH %

Product Explorer % | PixelInfo |

[ & [1]51A IW_GRDH_1SDV_20160731T001533_20160731T001558 012385 D134FE_ICFC
3 Metadata

(X3 Vector Data

(X3 Tie-Point Grids

@3 Quicklooks

Aleigi 3npod é.‘

&[0 Bands
=
1
o
b
=
5
5
A
a
a
=
=
@
2
=
a
E]
2
a
2
Quicklooks

[1] S1A_IW_GROH_15DV_20160731T001533_20150731T001558_012385_0134FE_1CFC
—

%
J“{\"I
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Sentinel -1 SAR GRDH Data Pre-Processing with SNAP (v 6.0)

Orbital Correction

T[] SLA_IW_GRDH_15DV_20160731 1001533 20160731 1001558 012385_0134FE_1CFC - [F\SMAPVEXLG\Sentinel 1\RAW\GRDH\SLA_IW_GRDH_15DV_20160731 1001533 20160731 1001558 012385 0134FE_1CFC.2ip] - SNAP [
File Edit View Ana[ysis Layer Vector Raster Opticar Too\s Window Help |Qv Search (C |

B GCP g it Fi _J GLP 2. T EE I01
% E—‘h PI Rk lﬁ‘ nﬁe C Apply Orbit File \+ D [:}r fﬁ. @ i | FE T -:: o
— Radiometric 3
T
Pmdu Explorer 2 | Pixel Info | Speckle Filtering . =1 | | [1] Intensity_vH &[_ == (=)
[ 1] S1A_IW ¢ ERDH 15DV _20160731T001533 : 201607 Coregistration v g
a
Q3 Metadata Interferometric 3 5
C} Vector Data " =
4 o
(2 Tie-Point Grids el s
£3 Quicklooks Geometric v | & Apply Orbit File N
22 Bands Sentinel-1 TOPS * | File Help =
EMVISAT ASAR 3 =
gt s o ] u
SAR Applications 3 1/0 Parameters | Processing Parameters| 3
Biomass 4 Source Product §
Soil Moisture 3 source: %
SAR Utilities 13 [1] 51A_Iw_GRDH_1SDV_20160731T001533_20160731T001558_0... PP )
SAR Wizards 3 e
Complex to Detected GR Target Product z
&
Multilooking Name: =
51A_IW_GRDH_15DV_20160731T001533_20160731T001558_012385_0134FE_ %
; a
[¥] 5ave as: | BEAM-DIMAP v 2
Directory:
Quicklooks # C:\SMAPVEX 12\R5 2\processed\Sentinel 20 16
[1] S1A_IW_GRDH_1SDV_20180731T001533_20160731T001558_012385_0134FE_1CFC lz Open in SNAP
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Sentinel -1 SAR GRDH Data Pre-Processing with SNAP (v 6.0)

Multilooking: average the power across a number of lines in both the azimuth and
range directions, 3 by 3

E [1] 51A_IW_GRDH_15DV_20160731T001533_20160731T001558_012385_0134FE_1CFC - [FASMAPVEX1E\Sentinel_1\RAWNGRDH\S1A_IW_GRDH_15DV_20160731T001533_20160731T001558_ 012385 0134FE 1CFC.zip] - SNAP =0 ]
File Edit View Analysis Layer Vector Raster Optical Tools Window Help Search (Cirl+1)
< oop o e b oop mh L - 101
% ABEABTR K] wowk RINTHMOOME | * =g
Radiometric L —
Product Explorer & | Pixelinfo | Speckle Filtering v |2 B [ Intensity W4 % EREE g
T8 [1]51A_IW_GRDH_ISDV_20150731T001533 201607 | Coregistration 5 =
2
3 Metadata Interferometric » 5
22 vector Data . =
=
(3 Tie-Point Grids Rt ' F
£ Quickiooks Geometric 4 & Multilooking N
(22 Bands Sentinel-1 TOPS 3 File Help - ]
[2] S1A_IW_GRDH_1SDV_20160731T001533_201607] ENVISAT ASAR »
Processing completed in 20 seconds (18 MB/s 4 MPixel/s) I
[3] 514_IW_GRDH_1SDV_20160731T001533_201607| | 5aR Applications M ¢ 2
Biomass 3 1/0 Parameters | Processing Parameters §
Soil Moisture 3 Source Product %
SAR Utilities 3 EilgE=
AR Wizards D : [2] $1A_IW_GRDH_15DV_20160731T001533_20150731T001558 0.0+ | [ |
=
Complex to Detected GR =
Multilooking Target Product %
MName: =
4_15DV_20160731T001533_20160731T001558_012335_0134FE_1CFC_Orb_ML %
Save as: | BEAM-DIMAP -
Directory:
Quicklooks % : =] F:\SMAPVEX 15\Sentine] 1 )
[1] S1A_IW_GRDH_1SDV_20150731T001533_20150731T001558_012385_0134FE_1CFC Default
.- = T = . = = r. Open in SNAP
T % ¥ &
D YREP S - —
R e # ¥ ‘.—: v —
L] & 3 N
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Sentinel -1 SAR GRDH Data Pre-Processing with SNAP (v 6.0)

Calibration: Convert Pixel Values to Radar Backscatter

R [1] S1A_IW_GRDH_15DV_20160731T001533_20160731T001558_012385_0134FE_1CFC - [F\SMAPVEXLE\Sentinel_1\RAW\GRDH\S1A_TW_GRDH_15DV_20160731T001533_20160731T001558_012385_0134FE_1CFC.zip] - SNAP
File Edit View Analysis Layer Vector Raster Optical Tools Window Help

[E=E =850

| Q.- Search (Cirl+41) |

3 GCP F it Fi D GCP 3 ) %~ 10I
G WGBS BIFET] | Awyoifi LENTRY@R | * <%
Radiometric 3 Galibrate
Product Explorer 3 | Pixel Info | Speckle Filtering , Radiometric Terrain Flattening EEE g
-6 [1] S1A_IW_GRDH_15DV_20160731T001533_201607 Caregistrati ]
gistration 3 =
£ [2] SLA_IW_GRDH_1SDV_20160731T001533_301607 e R RemoveRintennalbatien g
& [3] 51A_IW_GRDH_15DV_20160731T001533_201607] ) ) 5-1 Thermal Noise Removal &
Polarimetric 3 =
E-E4 [4] S1A_IW_GRDH_15DV_20160731T001533_201607 z
- 33 Metadata Geometric » s
& Vector Data SRR Create Calibration LUT TPG S TiEn
3 Tie-Point Grids ENVISAT ASAR - File Help z
p
5
& (3 Bands SAR Applications s
Biomass 4 10 Parameters | Processing Parameters &
- 3
Soil Moisture 4 Source Product q
SAR Utilities » s )
SAR Wizards » '[3] 51A_IW_GRDH_15DV_20160731T001533_20160731T001558_0... w | .. | =
Complex to Detected GR =
Multilocking Target Product =
MName: §
=]
DV_20160731T001533_20160731T001558_012385_0134FE_1CFC_Orb_ML_Cal 2
< - : Save as: | BEAM-DIMAP -
= Directory:
Quicklooks
i | F1\SMAPVEX 16\Sentinel_1 [l
[1] 51A_IW_GRDH_1SDV_20160731T001533_20160731T001558_012385_0134FE_ICFC | Defaut v |
— . = " . - =y /| Open in SMAP
3 L = g
S _

Ll e o mal £
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Sentinel -1 SAR GRDH Data Pre-Processing with SNAP (v 6.0)
Speckle Filter -- 3 by 3 Gamma Map

B [1]51A_IW_GRDH_15DV_20160731T001533_20160731 T001558_012385 0134FE_1CFC - [F:\SMAPVEX16\Sentinel_1\RAW\GRDH\S1A_IW_GRDH_15DV_20160731T001533_20160731T001558_012385_0134FE_1CFC.zip] - SNAP ===

File Edit View Analysis Layer Vector Raster Optical Tools Window Help

= % % E% ;]:% ,% G%: % ::C% Apply Orbit File

Radiometric

Product Explorer & | Pixelinfo | Speckle Filtering
= [1] S1A_IW_GRDH_ISDV_20160731T001533_201607,
[2] 514 _IW_GRDH_1SDV_20160731T001533_201607,
[3] 514_IW_GRDH_1SDV_20160731T001533_201607,
2 [4] S1A_IW_GRDH_1SDV_20160731T001533_201607

Coregistration
Interferometric
Polarimetric
Geometric
Sentinel-1 TOPS
ENVISAT ASAR
SAR Applications
Biomass

Soil Moisture
SAR Utilities

SAR Wizards
Complex to Detected GR
Multilooking

-+

D GCP

iNvR9e

ML
ML

4 | i

3

Quicklooks #

=

2

NASA’s Applied Remote Sensing Training Program

Single Product Speckle Filter
Multi-temporal Speckle Filter

Q.r Search (Ctrl+1)
7 X 101
RSN * v= 001

LEE

Aleagr] anpoud G0

= Single Product Speckle Filter
File Help

1/0 Parameters | Processing Parameters

Sigma0_vVH
Sigmal_vV

1Beuey) ede [ff)

Source Bands:

Filter: | Gamma Map
Filter Size X (odd number): 3

Jabeuely ysel [

Filter Size ¥ {odd number): 3
Estimate Equivalent Number of Looks

Mumber of Looks: 1.0
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Sentinel -1 SAR GRDH Data Pre-Processing with SNAP (v 6.0)

Terrain-Correction

B [1151A W GRDH 15DV _20160731T001533 20160731 T001558 012385 0134FE 1CFC - [FASMAPVEX16\Sentinel 1\RAW\GRDH\SLA IW_GRDH 15DV 20160731T001533 20160731 T001558 012385 O134FE 1CFC.zip] - SNAP =0 | X

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

Digital Elevation Model: [SRTM 3Sec (Auto Download)

N Gop g il D GCP S ) X 101
SR LBEAEB K] won PINLBQOR:  OSEN E=H
Radiometric »

Product Explorer % | Pixelinfo | SpecKle Filtering v = || [1] intersity_vi 5| B (5] Sigma0_vH =[] [4] Sigma0_vH = EEE] g
= [1] S1A_IW_GRDH_15DV_20150731T001533_201607 Coregistration , =
& [2] S1A_IW_GRDH_1SDV_20150731T001533_201607, Interferometric D E‘
= [3] S1A_IW_GRODH_15DV_20160731T001533_201607, X ML =

=3

S [4] S1A_IW_GRDH_1SDV_30160731T001533_201607] Eokrmeln: " M cal & Range Doppler Terrain Correction @
& [5] 51A_IW_GRDH_15DV_20160731T001533_201607] Geometric ' Terrain Correction Range-Doppler Terrain Correction ! File Help b
£2 Metadata Sentinel-1 TOPS > Ellipsoid Correction SAR Simulation =
g Vector Daiad EMVISAT ASAR 4 SAR-Mosaic SAR-Simulation Terrain Correction Processing Parameters o
Tie-Paint Grids SAR Applicati s ’ K

i pplications ALOS Deskewing ; Source Bands: Sigmal_VH i

Biomass L Slant Range to Ground Range : : 1 Sigma0_VV 3

= = S 2

Soil Maisture ’ Update Geo Reference “3.

SAR Utilities »

SAR Wizards 4 i

Complex to Detected GR =

]

Multilooking z

]

2

[]

DEM Resampling Method: | BILINEAR_INTERPOLATION
Image Resampling Method: | BILINEAR_INTERPOLATION

Source GR Pixel Spacings @z xrg):  30.0(m) x 30.0(m)
Pixel Spacing (m): 0.0

Quicklooks 3 |
[1] 51A_IW_GRDH_1SDV_20160731T001533_20160731T001558_012385_0134FE_1CFC Default

E L7 sammaae
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Save Betal band

Auxiliary File (ASAR only): Latest Auxiliary File
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Sentinel -1 SAR GRDH Data Pre-Processing with SNAP (v 6.0)

RapidEye natural color image
acquired on July 22, 2016

RGB false color composite of
Sentinel 1 SAR VH,VV image
acquired on July 31, 2016

(R=HH,G=HV,B=HH)

T : 4 o ; :
': (% ’ 1 s 1 ]
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Sentinel -1 SAR GRDH Data Pre-Processing with SNAP (v 6.0)

Co-Registration: spatial alignment of images acquired on June 13, July 7, and July 31, 2016
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Crop Classification Using Multi-Temporal Sentinel-1 SAR Images with SNAP

Data preparation for supervised classification

Orb_ML_Cal_Spk_TC - [F

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
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field campaign on June 13, 2016 July 7, 2016 2016
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Crop Classification Using Multi-Temporal Sentinel-1 SAR Images with SNAP

Random Forest Classification of Crop Type Maps

B snap
Q> Search (Cirl+) |

File Edit View Analysis Layer Vector Optical Radar Tools Window Help
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