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Training Objectives

By the end of this training attendees will learn:

« Access and selection of Sentinel-1 SAR images

« Sentinel-1 Preprocessing steps

« Field training and adequate field data collection

« Use of SNAP for preprocessing of Sentinel-1 images and subsetting and stacking
data

NASA's Applied Remote Sensing Training Program



Homework and Certificate

« Homework Assignment:

— Answers must be submitted via Google Form.
— Due Date: November 2, 2021

« A certificate of completion will be awarded to those who:
— Attend all live webinars
— Complete the homework assignment by the deadline (access from website)

— You will receive a certificate approximately two months after the completion
of the course from: marines.marfins@ssainhg.com

NASA's Applied Remote Sensing Training Program 4 ‘
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Monitoring Canadian Agriculture

« Canada’s agricultural landscape is large and complex: 193,492 farms and
64 million hectares

* In 2009, AAFC began generating annual crop type digital maps for the
Prairie Provinces using satellite imagery and expanded the Annual Crop
Inventory (ACI) to the entire agricultural extent of Canada in 2011.

« ACIlis an annual crop inventory.

— Overall target accuracy of at least 85%

— Final spatial resolution of 30 m

— National in scale

— Operational program, with a mostly automated workflow

* Crop inventories published on Government of Canada Open Data Portal
(open.canada.ca/en/open-daia) and include an AAFC Geospatial viewer

NASA's Applied Remote Sensing Training Program


https://open.canada.ca/en/open-data

rop Type Mapping in Canada (2020)

Crop Type Mapping in Canada (2020)
Cartographie des types de cultures au Canada (2020)

Agroclimate, Geomatics and Earth Observation Division / Division de I'agroclimatique, de la géomatique et de |'observation de la terre
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AAFC Annual Crop Inventory (ACI)
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Roadmap for Producing an Annual Crop Inventory

 The AAFC method relies on the integration of data from Canadian
RADARSAT SAR satellites and optical satellites (Landsat-8 and Sentinel-2);
Sentinel-1 is currently being integrated.

 This ARSET training will use Sentinel-1 and Sentinel-2 data given global
access to these data.

« Parficipants will use open-source SNAP software.

« Adaptations to AAFC methods will be required depending on local
cropping systems.
— Growing Season
— Crop Mixes
— Crop Management Practices
— Field/Parcel Sizes
— Field Data Collection Strategies

NASA's Applied Remote Sensing Training Program




Crop Inventory Operational Methodology

1. Acquire and Process Satellite Imagery

. 3. Region Creation
Pre-processing

to prepare
data for
classification

Select and
access SAR & >
opftical imagery

4. Classification

2. Training/Validation Data Rasterized N Build S Apply
> Reference Data Classifiers Classifiers
Collect reference data for
training and validation* Multiple classification levels/constraints
v
Quality Checking 5. Final Product
: p Post- . > QC P> Publication**
Grow point data to include rocessing
sub-field area
» *Thematic filter *+*GoC Open Data Portal
Land Cover Mosaic AAFC Geospatial Viewer
* Potential Sources: ** AAFC does not generate
«  Field Surveys land cover classes during Courtesy: Agriculture and Agri-Food Canada
«  Crop Insurance this classification flow, but
«  Partnerships integrates land cover maps

updated every 5 years.
NASA's Applied Remote Sensing Training Program 10 ‘




1. Acquire and Pre-process Sentinel-1 & Sentinel-2 Data




Crop Inventory Operational Methodology

1. Acquire and Process Satellite Imagery

Pre-processing
to prepare
data for
classification

Select and
access SAR & >
opftical imagery
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SAR Image Selection

« AAFC uses ~1 SAR image per month, but research has demonstrated that dense stacks
of SAR imagery through the season will improve classification accuracies.

« (C-Band data are available from Sentinel-1 satellites: A (2014) and B (2016).

« Each Sentinel-1 satellite has a 12-day exact repeat. The two-satellites provide a 6 day
repeat at the equator in the Interferometric Wide (IW) swath mode.

« SLC -Single Look Complex: Slant range Single Look Complex product

« GRD-Ground Range Detected: Ground range multi-looked that can be in one of three
resolutions: Full, High, and Medium Resolution

« The best results are using VV+VH polarizations, which can be derived from SLC or GRD
products. To simplify processing, we will use IW GRD data.

« Research has demonstrated that polarimetric parameters and multiple frequencies
improve accuracies.

NASA's Applied Remote Sensing Training Program 13 ‘




Sentinel-1 Ground Range Detected (GRD) Data

| W m O d e G R D p ro d U C 'I' ° i [1] Dual Pol Ratio Intensity VW+VH RGE - S1A_IW_GRDH_15DV_20160707T001531_20160707T001556_012035_01298D_10F...  — O *
L]

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

i Nol I ||n0| ResolUTIOn. 20 I I l (Ronge) * 22 Product Explorer X|Pixellnlo | — || [1] Dual Pol Ratio Intensity VW+VHRGB X
* BQ [1] S1A_IwW_GRDH_15DV_20160707T0015
A : .I.h -0 Metadata
I I . I I I G- Vector Data
( Z I U ) g Tie-Point Grids
[ (31 Quicklooks
E}a Bands

* 250 km Swath
« Dual Polarization (HH/HV, or VV/VH]

« GRDH: Ground range detected, high
resolution, multi-looked: 5 (Range)*1
(Azimuth) and projected to ground
range

Jabeueyy 1aie [m Adeagr pnpoid P

« Phase information is lost

o= = lat  -—lon - Zoom - Level —

Sentinel-1 GRDH dual pol data acquired on July 7, 2016
over Carman, MB, Canada

NASA's Applied Remote Sensing Training Program 14 ‘




Optical Image Selection

* AAFC uses all optical images with minimal cloud cover.

« The number of images with minimal cloud cover varies by region of Canada
and by year.

* Infegration of radar with opftical ensures full spatial and temporal coverage
during the growing season.

« Data are available from Landsat 8 & Sentinel 2A (2015) and B (2017)
satellites.

« Senftinel-2 has a revisit fime of 10 days at the equator with one satellite, and
5 days with 2 satellites; 2- to 3-day repeat (Sentfinel 2A/B) at mid-latitudes.

« Landsat 8 has a 16-day exact repeat coverage.

« Some areas will have higher revisits where orbits overlap, providing
additional acquisitions.

NASA's Applied Remote Sensing Training Program
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58 [3] 524 MSIL2A_202009237 161011 9998 R140_T17TMe4_20210211M050857 A&

« Available as Level-1C and Level-2A

@ 570830
@ 55 e2m)

— If Level 2A (Bottom of Atmosphere
reflectance) is not available, Level
1C can be processed to Level 2A
using Sen2Cor (SNAP).

3333333

| X 44365 Y 3444 | Lat43%0229°N Lon80°2720'W Zoom 1:133.3 Level 3 @

The MGRS is derived from the UTM grid system and the UPS (Universal Polar Stereographic) grid
system, but uses a different labelling convention. The MGRS is used for the entire earth.

UTM ZONE NUMBERS

11 §7 991 0680900857 3N DX XA O & §80H 75T
ZH BN A2 NBIEIRNERNDRHENERDIAS DR

- Granules, also called tiles, are 100 x 100 i A e s
km? ortho-images in UTM/WGS84 S e e
projection. Si pE

https://sentinel.esa.int/documents/247904/685211/Sentinel-2-Products-Specification-Document ’S-E L-f HH ‘ : b* HH{

GRID ZONES
Figure 6: Example of tiling (100x100km?) within the UTM15 zone

Hence, the ortho-rectified products (Level-1C) are tiled according to this grid (approximately
100kmx100km). The UTM zone is selected according to each Tile of the product.
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https://sentinel.esa.int/documents/247904/685211/Sentinel-2-Products-Specification-Document

Sentinel 2 Level 2A Data

®* Download both at Copernicus Hub & USGS EarthExplorer

®* The Sen2Cor standalone application is a processor for generating the Level 2A products (bottom of atmosphere
reflectance) and is provided by the European Space Agency (ESA). The processing algorithm used can be found at:
hitps://step.esa.int/main/third-party-plugins-2/sen2cor/
hitps://sentinel.esa.int/web/sentinel/technical-guides/sentinel-2-msi/level-2a/algorithm

®* This tool can be used as a function in SNAP or separately using the command line.

Sentinel-2A Sentinel-2B
Sentinel-2 bands

Central wavelength (nm) Bandwidth (nm) Central wavelength (nm) | Bandwidth {nm) | Spatial resolution {m)

Band 1 — Coastal aerosol 4427 21 4422 21 60
Band 2 — Blue 492 4 66 492 1 66 10
Band 3 — Green 559.8 36 559.0 36 10
Band 4 — Red 664 6 31 6649 31 10
Band 5 — Vegetation red edge | 7041 19 f03.8 16 20
Band 6 — Vegetation red edge | 740.5 15 7391 15 20
Band 7 — Vegetation red edge | 732.8 20 T79.7 20 20
Band 8 — NIR 8328 106 8329 106 10
Band 8A — Narrow NIR 8647 21 854.0 22 20
Band 9 — Water vapour 9451 20 9432 21 60
Band 10 — SWIR — Cimus 1373.5 3 1376.9 30 60
Band 11 — SWIR 1613.7 o1 1610.4 94 20
Band 12 — SWIR 22024 175 21857 185 20

NASA's Applied Remote Sensing Training Program Bands included in the ACI



https://step.esa.int/main/third-party-plugins-2/sen2cor/
https://sentinel.esa.int/web/sentinel/technical-guides/sentinel-2-msi/level-2a/algorithm

Access via Copernicus

https://scihub.copernicus.eu/dhus/#/home
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Access via ASF

hitps://search.asf.alaska.edu/#/

I!é\f ALASKA SATELLITE FACILITY

tex is the Alaska Satellite Facility's data portal for remotely sensed imagery of the Earth

Vertex Interactive Tours ~ Help ~ ASF Home &7 A Earthdata Login Download Queue £ Contact

Find

World Map | South Polar

Geospatial Granule Missions Showing 1 to 36 of 36 entries

Sentinel-1A EW 20160801
S1A_EW_RAW_ 0.

Path 85, Frame 423, HH+HY

Flight Direction Descending

Absolute Orbit 12407

Data ES

@ Details | ¥ Queus | Baseline

I

* Geographic Region
Option 1: Click on map and move cursor

Option 2: Enter coordinates:

|—98.28 49.71,-98.73,49.06,-97 44 49.06,-97.52,49.7 -98 28 49 | .

e.g., -102,37.99,-94,37,-94 39.-102,39,-102,37.59
Counterclockwise, decimal degrees, (long, lat)

Sentinel-1A W 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

[l 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. v
2016-08-01 =
Show| 100 & | entries Previous Mesct
Imagery ©2018 TerralMetrics | Terms of Use
v Dataset L ype a
N R eETm—— Add o Gueve by Trpe
Select: All | None 1 2-5 2t
Copynight @ 2018 Alasks Satelflite Facility V rt LA is an AAED employer and educational institution and prohibits illegal discrimination against any individual:
Vertex: ASF's Dats Portal W2_58.00-45 e ex www.alaska edunondiserimination. y

Phone: (807) 474-5041 ¥4 Contact
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Sentinel-1 Naming Convention

Mission Beam mode
S1AorS1B  IW (Interferometric Wide)
\ EW (Extra Wide)
51 to S6 (Stripmap)
WV (Wave)

Resolution class

F (Full resolution)

M (Medium resolution)
H (High resalution)

Start date and time
YYYYMMDD - year, month, day
HHMMSS - hour, minutes, seconds

Absolute orbit number
Mission Data Take ID

/

I v

F.d o

/ /

MMM_BB_TTTR_LFPP_YYYYMMDDTHHMMSS_YYYYMMDDTHHMMSS_OO00000O_DDDDDD_CCCC

\ 4

s

T

Processing level

0.10r2 Product class

S (SAR standard)
A {Annotation)

Product type

RAW

SLC (Single Look Complex)
GRD (Ground Range Detected)
OCN (Ocean)

NASA’s Applied Remote Sensing Training Program

't.\
Stop date and time

YYYYMMDD - year, month, day
HHMMSS - hour, minutes, seconds

Polarization

SH (Single HH)
SV (Single VV)
DH (Dual HH/HY)
DV (Dual WVW/VH)
HH (Partial dual, HH only)
HV (Partial dual, HV only)
VH {Partial dual, VH only)
VV (Partial dual, VV only)

Product Unigque Identifier

S1A_IW_GRDH_1SDV_20160731T001533_20160731T001558 012385 _0134FE_1CFC.zip




Sentinel-2 Naming Convention

Product

Discriminator
Used to distinguish
between different end
user products from the

Mission Sensing Time Relative Orbit Eae”ggf;;‘éfgﬁfhe
S2A or $2B YYYYMMDDHHMMSS Number instance, the time in this

field can be earlier or
slightly later than the
data take sensing fime

\

S2B_MSIL2A_20180803T161829_N9999_R040 T17TLG_20200514T023930.SAFE

Product PDGS Processing GRID Tile Product Format
Level Baseline Number Number Field

MSIL1C or

MSIL2A

https://sentinels.copernicus.eu/web/sentinel/user-guides/sentinel-2-msi/naming-convention

NASA's Applied Remote Sensing Training Program



https://sentinels.copernicus.eu/web/sentinel/user-guides/sentinel-2-msi/naming-convention

Sentinel Pre-Processing Road Map

Sentinel-1
GRD

hd

Apply Orbit File
A 4

Speckle Filter Sentinel-2
L1C

Geometric Correction \ 4

Radiometric Correction and Apply Sen2Cor Atmosphere
Radiometric Calibration Correction (L2A output)

Co-registration Export fo .fif
(Sentinel-2 with for use in other

Sentinel-1) classifiers
(in Python, R, etc.)

NASA’s Applied Remote Sensing Training Program




Sentinel-1: Apply the Precise Orbit File

« Satellite positions are recorded by a Global Navigation Satellite System (GNSS).

« To assure a fast delivery of Sentfinel-1 products, orbit information generated by
an on-board navigation solution is 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 affer data acquisitions.

 The orbit information of Sentinel-1 can be downloaded from the ESA website.

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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Selecting Speckle Filter Size

* There is no simple answer.

« Choice depends on the targets (point target, Whatls the farget?
distributed target) and the target size (for example Rleeracay
field sizes) o X

Let the target dictate the filter size.

NASA’s Applied Remote Sensing Training Program 24 ‘




Selecting Speckle Filter Size

Frost For filtering SAR data, select
Lee an adaptive filter or multi-

= temporal or multi-resolution or
S——— non-local. Do not select non-

Neighborhood (IDAN ada pﬂve,
— Refined Lee

amma-map

— Lee Sigma New filters are continually
— Boxcar being developed.

Multi-Temporal Multi-Temporal
. . . - Available in SNAP

- Radar speckle filtering categories & examples
Non-Local SARBM3D

- Do not use for radar (including green striped)

Mean

MeEaR

®)
S
D
.E
0
V4
O
O
Q
V)

=1 Non-Adaptive Filtering |
Mode
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Speckle Filter Testing

Comparison of different SAR filters and window sizes based upon the
percent overall accuracy of AAFC's operational Decision Tree Classifier
and SAR Only data.

95.0

©
o
o

H Canada

80.0 - = Argentina

Percent overall accuracy
o)
(921
o
1

M lowa

Filter Type and Window Size

Overall classification accuracies and response can change with changing speckle filter size and type due to
different field sizes, shapes, & configurations.

It's important to run tests on which filter size, shape, & type works best for particular regions.

Laura Dingle Robertson, Andrew Davidson, Heather McNairn, Mehdi Hosseini, Scott Mitchell, Diego De Abelleyra, Santiago Verdn & Michael H. Cosh (2020) Synthetic Aperture Radar (SAR)
image processing for operational space-based agriculture mapping, International Journal of Remote Sensing, 41:18, 7112-7144, DOI: 10.1080/01431161.2020.1754494
26
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https://doi.org/10.1080/01431161.2020.1754494

Sentinel-1: Gamma MAP Filter

- Gamma MAP used by AAFC

- Based on the assumption that the (unspeckled) intensity of the underlying scene
iIs Gamma distributed

« Filter minimizes loss of texture information better than Frost or Lee filters within
gamma distributed scenes

HV Polarization Multi-Looked Unfiltered Image Gamma Map Filter (7 by 7 window size) ‘
27
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Radiometric Conversion & Calibration

S1 Level-1 products are not radiometrically corrected or calibrated, by default!.

Radar reflectivity is stored as Digital Numbers (DNs) in S1 products, and these
must be converted to physical units (radar backscatter).

To apply radiometric correction and calibration, a Calibration Annotation Data
Set (CADS) with 4 Look Up Tables (LUTs) is provided within the ST products (XML
files)?.

The S1 Instrument Processing Facility automatically applies corrections for the
elevation antenna pattern and range spreading loss.

These LUTs then apply a product scaling factor (Adn) and calibration
coefficient (K), and a conversion for local incidence angle (q).

"buildmedia.readthedocs.org/media/pdf/multiply-sar-pre-processing/get_to_version_0.4/multiply-sar-pre-processing.pdf

2sentinel.esa.int/documents/247904/685163/S1-Radiometric-Calibration-V1.0.pdf

NASA's Applied Remote Sensing Training Program



Applying Sentinel-1 LUT

The radar cross-section (Ao, AR or Ay) LUT can
be simplified and contains the area Data are calibrated using these formulas.
normalization factor and calibration constant.

2
_|A%, K ,_ DN
AG_ sin(a) 0" = A%
; . DN?
Aﬁ=/Adn-K pe = A2
2 .k DN?

e A Yo =
AV tan(a) A]Z/
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Radiomeltric Normalization

« If a more precise o9 is required, knowledge of |
local slope is needed through a digital
elevation model (DEM) (Raney 1998). This
process is known as a radiometric
normalization, and a SAR image can be
normalized to a local incidence angle, @
projected local incidence angle, or
incidence angle derived from an ellipsoid.

- Full Grown Canopy
~ . Dormant Vegetation
» Toreduce the effect of changes in

backscatter across swath due to incidence
angle, a cosine correction can be applied.

Dry Soail -~ Full Grown Canopy

Backscattering Coefficient ¢° (dB)

Dormant Vegetotion

 However, the weighting factor (n) in this
correction is target dependent, with the drop
in backscatter across the range being

Incidence Angle 8 (deq)

dependenf on roughness (]nd \/ege‘l'(]ﬁon Image Source: W. Wagner, G. Lemoine, M. Borgeaud, and H. Rott. A study of
1 vegetation cover effects on ERS scafterometer data. IEEE Transactions on
structure!. Geoscience and Remote Sensing, 37(2):938-948, Mar 1999. doi:10.1109/36.752212.

"buildmedia.readthedocs.org/media/pdf/multiply-sar-pre-processing/get_to_version_0.4/multiply-sar-pre-processing.pdf
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https://www.tandfonline.com/reader/content/179ce18e23d/10.1080/01431161.2020.1754494/format/epub/EPUB/xhtml/index.xhtml#cit0058

Terrain Correction

Terrain correction (ortho-rectification) refers to the correction of
the image to a known coordinate system and removes effects of
angle and terrain. This type of correction requires a DEM.

Range-Doppler

SAR Simulation Model . Available in SNAP

- Other types of terrain corrections

C
O
T

O

O

O
O
=

&

0
—
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Sentinel-1: Terrain Correction

- The Sentinel-1 GRDH image does not have
geographic coordinates. Images must be
converted info a map coordinate system.

- Terrain correction, with the use of Digital
Elevation Model (DEM) data, corrects

topographical distorfions like foreshortening, —
layover, or shadowing. — g
E:ii.i?i
- The Range-Doppler approach is one way fo 5
perform geometric correction. The method — L
needs information about the topography — e
(normally provided by a DEM) as well as orbit —|
satellite information to correct the topographic é
distortions and derive a precise geolocation for R W S ST T

each pixel of the image. GTOPO30 - DEM

Global digital elevation model (DEM) with a horizontal grid spacing of 30 arc seconds (approximately
1 kilometer) derived from several raster and vector sources of topographic information.

National Aeronautics and Space Administration (NASA), the United Nations Environment Programme/Global Resource
Information Database (UNEP/GRID), the U.S. Agency for International Development (USAID), the Instituto Nacional de
Estadistica Geografica e Informatica (INEGI) of Mexico, the Geographical Survey Institute (GSI) of Japan, Manaaki
Whenua Landcare Research of New Zealand, and the Scientific Committee on Antarctic Research (SCAR).

NASA's Applied Remote Sensing Training Program 32




Sentinel-2: Optical Data Pre-Processing

AAFC Operational Pre-Processing Methods:

 Manual review of imagery for cloud cover and
image quality.

* If part of the image has limited cloud cover
over regions of agriculture, then an image can
be included in the classification regardless of
whether the entire image has a high
percentage of cloud cover.

If desired, ESA has methodologies to remove
cloud cover, including some available in SNAP.
However, this will increase overall processing
effort.

NASA’s Applied Remote Sensing Training Program



2. Collecting Training and Validation Data




Crop Inventory Operational Methodology

2. Training/Validation Data

Collect reference data for
training and validation*

v
Quality Checking

N\

Grow point data to include
sub-field area

Land Cover**

* Potential Sources: ** AAFC does not generate

- Field Surveys land cover classes during
« Crop Insurance this classification flow, but
«  Partnerships infegrates land cover maps

updated every 5 years.
NASA's Applied Remote Sensing Training Program 35 ‘




Synthetic Aperture Radar (SAR)

AAFC collects field data for training and

testing using 2 approaches:

1. Partnerships with crop insurance agencies for some
provinces

2. Sending crews to collect in situ observations

Guiding principles for in situ observations:

« Coverage — Well dispersed to cover areas of interest

« Large quantities of samples especially for rare and
unusual crop types

« Classification success highly dependent on quality
of ground data inputs

Poor ground data =

nogle

3 Teams (Red, Gre Blue) - Coloure lines get paler eoch poor CIGSSiﬁCGﬁO“I

day to help distinguish daily routes.
Courtesy: Agriculture and Agri-Food Canada
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Fieldwork Training

To gather high quality field data, AAFC devised a thorough training system to
help new staff or students become familiar with data collection methods.

Data collector systems:
 ESRI-Survey 123
« NGA MAGE - USDA

()

Courtesy: Agriculture and Agri-Food Canada
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ining Flowchart
NMICEINEY Image Software
Slideshow Recognition Familiarization

Greenhouse
Visits

Crop
Slideshow

Crop ID Streetview
AAFC Fieldwork Trai
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Point
Target Training S aumell  Placement

Crop Growing Historical Point
Regions Review

NTe[le]gle] Mobile
NASA's Applied Remote Sensing Training Program Courtesy: Agriculture and Agri-Food Canada

Landcover Target
—— Training (May)

ligellgligle! Simulations

¢ Crop Target
Training (June)




AAFC Training for Field Crews

* Visit Greenhouses: Staff visit greenhouses to watch crops in various stages of growth

* Crop Manual: Staff review a training manual, which documents photos of all crops
grown in Canada

* Regional Training: Staff familiarize themselves with the types of crops grown in their
assigned fieldwork region

* Historical Point Review: Staff look at past data collection years to see which minor
crops have been spotted in previous years

« Streetview Slideshow: Using Google Maps, staff “drive” virtual paths and are asked
to identify crops in fields

* Crop Slideshow: AAFC created a “rapid” slideshow of crop photos and staff are
required to quickly identify crops as they are displayed

NASA's Applied Remote Sensing Training Program



Street View Crop Type and Land Cover Training

“Drive"” In Streetview from Point A to Point B

Mark the various land cover types on the satellite image as they are
passed on Streetview

NASA’s Applied Remote Sensing Training Program



Training on Collection Device

Image Recognition: Review satellite background imagery to become
accustomed to how these images appear

Device Familiarization:

— Spend time learning the different functions of the software (how to
delete points, load layers, etfc.)

— Read through the Help files that were created

Point Placement:
— Work on being able tfo correctly position data on fop of background
imagery

— Run through a stafic identification of targets in the office (within @

background image find: 10 water features, 6 barns, 7 forest classes, 2 golf
courses, etc.)

NASA's Applied Remote Sensing Training Program



Mobile Simulations

Land Cover & Crop Target Training
(prior to field season)

- Take the trainee on a known route
where they will be asked to collect
land cover & crop target data

- Trainee judged on correct

identifications, positional accuracies,

and volume of points

NASA's Applied Remote Sensing Training Program
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How many samples are needed to train and validate?

0 125 25 50 Kilometers
A T T N Y |

Courtesy: Agriculture and Agri-Food Canada
NASA's Applied Remote Sensing Training Program

In this southwestern region of
Canada'’s Province of Ontario,
crews collected 16,700 field
observations.

Can this number be reduced
to reduce resources and time
for fieldwork?



Reducing In Situ Sampling

AAFC ran an experiment to test the impact on accuracies of reducing the number
of field data points used to train the classifier.

- Sample field data at: 5%, 10%, 20%, 30%, ..., 100%

- Classify with new sampled datasets

- Assess accuracy

90

80

i =
20 _ﬂ

60

50

=¢=—_Cverall acc
40

30

Overall Accuracy

20

10

0 20 40 i 60 80 100

% Sample
NASA's Applied Remote Sensing Training Program Courtesy: Agriculture and Agri-Food Canada




Reducing In Situ Sampling - Subset Testing

100% (6,700 samples): 85.4%
50% (3,350 samples): 84.3%
5% (335 samples): 81.1%

Spatially dispersed and representative
of all crop types

After 10 years of experience, AAFC has
determined optimum sampling numbers
for mapping crops across Canada.

New operational groups should acquire
maximum amount of samples possible in
the first years, but can use these data to

T run a similar experiment to determine
EERNTTTN requirements for their regions.

A
Vot

Eastern Ontario

Courtesy: Agriculture and Agri-Food Canada
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Quality Checking of In Situ Data

Scan attribute file for any
flagged items and read all
comments.

Users may not know all
crop categories and
place crops in the wrong
class (i.e., other fruit with a
written comment of
blueberry).

If there are questions, use
photos to reconcile.

Minor/rare crops:
highlight on map and
check that they are in
expected locations.

For example, if berries

cannot grow in a region,

this is an erroneous
observation.

Scroll along driving routes to make
sure point placements are within
fields.

For example, points should not be
on roads, in forests, on buildings, or
in riparian zones.

Adjust point locations, if possible,
otherwise delete point. TIP: Use
Google Earth.

If multiple points have been
placed in a field, make sure crop
types match.

While scrolling, if crop type is easily
identifiable (orchard, vineyard,
ginseng, efc.), verify crop class is
correct.

When in doubt - throw it out!

NASA's Applied Remote Sensing Training Program

Cross check points where
surveyors' data collections
overlap.

AAFC overlaps field routes to
assist with quality control.

If observations differ, select the
majority observation (i.e., if 2
out of 3 surveyors agreed).

Review dates to determine if
one surveyor's observation was
taken at a better time for crop
determination.

Consider historical inaccuracies
of the surveyor.

@



Ground Data Pre-Processing

Within each buffer areaq, opftical
data are segmented

"-*'.
¥
"

A 500m buffer is created around each
sampling point. This limits the area that
will be segmented around the sample.

AAFC uses
eCognition software
to segment imagery;
but there are other
open-source options
available (e.g.,
QGIS, Python, etc.)

Segment around sampling &

point is then extracted &as

and will be considered as [Saas
the field boundary. &

Courtesy: Agriculture and Agri-Food Canada
NASA’s Applied Remote Sensing Training Program




Creating Training & Validation Sets from Field Data

« Split field data using Stratified
Random Sampling method
(30% validation, 70% training)

« Rasterize vector samples
(training & validation)

« Add to the satellite co-
registered data stacks

AAFC uses all in-house tools to do
this, but these processes are
available in R and Python.

- Training
[ ] validation
Carman, Manitoba
o s 10 Jokiometers I June 27 - Sentinel 1 VH
[ uly 9 - Sentinel 1 VH
I ~ugust 26 - Sentinel 1 VH

Courtesy: Agriculture and Agri-Food Canada
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Region Building

« Region building
separates the data info
manageable areas of
iInterest.

« Can be based on:
— Grid
— Imagery Overlaps
— State/Province
— Whole Country

NASA's Applied Remote Sensing Training Program

« Region building occurs
just before the
classification.

« AAFC’s new system

Nnow Iterates regions to
ensure each pixel is
given the best
coverage of images.




AAFC Staffing Resources

Keeping in mind that Canada has 64 million hectares of farm land to map

Technical staff required for data processing (excluding field work): 4 permanent (75% of their time)

Resources needed to collect in situ data (for é provinces, 8.5 milion hectares): Budget: ~$45 000
CDN/year (excluding salary)

28,327 337,913 232,694 370,287 4,997,058 2,589,988 8,556,267
(hectares)

1(5) 1(5) 1(5) 5(37) 1(5) 6(57)
Team)

1(4) 1(5) 1(5) 1(5) 4(20) 1(5) 9(44)
1(4) 2(10)  2(10) 2(10)  18(104) 4(30) 26(168)

First Number: Number of individuals; Second Number (in bracket): Summation of field work days for all individuals

NASA's Applied Remote Sensing Training Program Courtesy: Agriculture and Agri-Food Canada

To collect ground data for the entire country: 26 people for a total of 168 days (or an average of 6.5 days per person)



Hands-On Exercise

- g——

o i

Open ond Pre Process Imogery WITh SNAP

= e ,-—.. "‘“‘ =3

NASA's Applied Remote Sensing Training Program Image Source: https://www.esa.int/spaceinimages/Images/2014/02/Sentinel-1 51 ‘


https://www.esa.int/spaceinimages/Images/2014/02/Sentinel-1

SNAP: Sentinel’s Application Platform

=» SNAP | Sentinels Application Platform

- Dane loading modules:

« ESA’s SNAP is the free and open-source toolbox for processing 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/

NASA's Applied Remote Sensing Training Program 52 ‘



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

Steps for SAR Pre-processing

Sentinel-1 "G Apply Orbit- BN Speckle N Geometric I\l Pre-Processed
(IW, GRDH) File Filter Correction SAR Data

Geometric Correction with
Range Doppler Model

At this point, radiometric
normalization and conversion to
Sigma0 occurs.

NASA’s Applied Remote Sensing Training Program



Steps for Optical Pre-processing

Sentinel-2 L1C _ =) Pre-Processed
(if Level 2A data are not available) - SSACON Opfical Data

Refer to the NASA ARSET training by ESA for detailed instructions on how to apply
optical image pre-processing:
https://appliedsciences.nasa.gov/join-mission/iraining/english/arset-agricultural-
crop-classification-synthetic-aperture-radar-and

NASA’s Applied Remote Sensing Training Program
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Subsetting, Co-registration & Exporting Files

.

B Co-registration g Export Files

h NASA’s Applied Remote Sensing Training Program




Bulk Image Pre-processing

] Groph Buicer x
° Fie Graphs
 ESA has provided ! A
Ei :aa — 2| @ impuouput > ols Window Help Q Search (Ctrl+

onectGaph | @ Ol > |

& Rader 5 H ® oCp ==} ) D Gop = .- e \ i

s . . e SuBASeEEmroq ANy RE9OR: \ P ;

raining in this = i "

4 o o i P | (1] Sigma0_vH_use_local_inci %

| 4 & image Analysis > | 8] ol sioe Meric — et S e @

. 4 & s | e 3

. &= © st © Reampl g
series
* 1% o \F:g;n 5

O Tenponecartic 3

. ) {3 Graph Builder ]

File

Graphs File Graphs

— Introduction to

1514 TW_GRDH_ISDV_201506 15T0D1530 201505 13TOD1555 011585 011E6% S054_0rb_Spk TC. v

SNAP

— How fo create

(=4

Add

Connect Graph

>

< >

f Rexd wite subset Read write Subset

Source Product Source Product
Name: Name:
[1] 1A_1W_GRDH_ISOV_20160613T001530_201606 13T001555_011685_011E64 904 Orb_Spk TC. [1] S1A_1W_GRDH_1SDV_20160613T001530_20160613T001555_011685_011E64_9064_Orb_Spk TC V=

Data Format:

Aoy Fomat v DataFomat:  [AnyFomat

processing of
stacks of data

Bt | e [ Doer [ Fre | @reb | Drn Bow | Moo | B | e | @ | Dim

< >

Read] write Subset

Source roduct

Name:

[1] 514 _IW_GRDH_ISDV_20160613T001530_201606 13T001555 011685011664 S0E4_Orb_Spk TC |

| DataFomat: |AnyFomat

X =Y - lat -—lon - Zoom -- Level -- 2 |

Bus | Bsee | Yoo [Fre | @rb | Drn
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Questions?

- Please enter your questions in
the Q&A box. We will answer
them in the order they were
received.

- We will post the Q&A to the
training website following the
conclusion of the webinar.

NASA’s Applied Remote Sensing Training Program

https://earthobservatory.nasa.gov/images/6034/pothole-lakes-in-siberia



https://earthobservatory.nasa.gov/images/6034/pothole-lakes-in-siberia

Contacts

e Trainer:

— Dr. Laura Dingle Robertson, Agriculture and Agri-food Canada:
Laura.Dingle-Robertson@AGR.GC.CA

Further Reference Material: A.M. Davidson, T. Fisette, H. McNairn and B. Daneshfar. 2017. Detailed crop mapping using
remote sensing data (Crop Data Layers). In: J. Delince (ed.), Handbook on Remote Sensing for Agricultural Statistics
(Chapter 4). Handbook of the Global Strategy to improve Agricultural and Rural Statistics (GSARS): Rome. [Full Texi]

« Training Webpage:

— https://appliedsciences.nasa.gov/join-mission/training/english/arset-
agricultural-crop-classification-synthetic-aperture-radar-and

« ARSET Website:
— hittps://appliedsciences.nasa.gov/what-we-do/capacity-building/arset

Twitter: @NASAARSET

NASA’s Applied Remote Sensing Training Program


mailto:Laura.Dingle-Robertson@AGR.GC.CA
http://www.fao.org/3/ca6394en/ca6394en.pdf
https://appliedsciences.nasa.gov/join-mission/training/english/arset-agricultural-crop-classification-synthetic-aperture-radar-and
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
https://twitter.com/NASAARSET

Thank You!
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Appendix




Open and Display Sentinel-1 Image

Initiate the SNAP tool
In the SNAP interface, go to File menu >> Open Product
Select the folder that contains the Sentinel-1 data

rwbd =

Click on the .zip file
(STA_IW_GRDH_1SDV_20180929T093145_20180929T093210_023911_029C3F F315Z||o)

Product Explorer X | Pixelinfo | Projects |

Open The Imoge =- %éﬂiﬂmtald\ft:RDH 150V _20160731T001533_20160731T001558_012385_0134FE_1CFC
Double click the file name to view [ pre—re
the directories within the file, -
including: T
_____ B e
«  Metadata: parameters related to B o
the orbit and data e
« Tie Point Grids: interpolation of eamfc::
latitude/longitude, incidence | b
angle, efc. @ sy

Navigation - [1] In... |CoLour i Uncertainty Visu_... | World View = | -
e Y

« Bands: two bands for each
polarization (intensity and
amplitude)

7. The Worldview window (in the
lower, left-hand side) shows the
coverage of the image opened

8. Double click Intensity_VH

500 Km




Open and Display Sentinel-1 Image

B [1] Intensity_VH - [$14_IW_GRDH_15DV_20160731T001533_20160731T001558_012385_0134FE_1CFC] - [E\documents\SAR_training_CarletorData_forTraining\Lecture7A\S1A_IW_GRDH_15DV_20160731T0015...

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

SR niice XEHeCroaAANNYEOOR

Product Explorer X | Pixel Info | Projects

5-E3 Metadata
i @B Abstracted_Metadata
B original_Product_Metadata
=3 vector Data
* pins
S ground_control_points
£33 Tie-Point Grids
-] latitude
- longitude
E incident_angle
E elevation_angle
[ slant_range_time
=33 Quicklooks
e @ Quicklook
E}ﬁ Bands
[ Amplitude_VH
-] Intensity_vH
- Amplitude_vv
-] ntensity_vv

=}

=~ [1] S1A_IW_GRDH_15DV_20160731T001533_20150731T001558_012385_0134FE_1CFC

WorldView X | =—

Off Globe

Navigation - [1] In... | Colour Manipulat... | Uncertainty Visu...
g N

o

B (1 ntensity VH X |

i
com

— O X

| Q- Search (Ctrl+1)

Lat

- Lon

Zoom — Level —

Jabeuely JaAeT [m Ateagr 3anpoud

I2BEUEL] SEL %



Apply Orbit File
1. Go to Radar Menu >> Apply Orbit File:

d) I/O Parameters tab: source — Raw image +
Target Product

) Processing Parameters tab: Orbit State Vectors—
Sentinel Precise Auto Download; Polynomial
Degrees — 3

C) Click Run and Close window when completed

E [1] Intensity_VH - S1A_IW_GRDH_1SDV_20160613T001530_20160613T001555_011685_011E64_90E4 - D:\Classification\S1A_IW_GRDH_1SDV_20160613T001530_20160613T001555_011685_011..  — o X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- ch (Ctri+
e i bcP =29 S 2 \ i
a7 [Aer Ul © I8 b |4 AeniyOhiFie e FEw r0@Q ANV ERYORE: P
= | Product Explorer X | Speckle Filtering > —| G
£ |28 [151A_1W_GRDH_1SDV_20160613T001530_201 Coregistration &l
T -0 Metadata Interferometric g
u? & O Vector Data Polarimetric =
d| @ (3 TePointGrids H
Geometric =
- @3 Quicklooks <
i Sentinel-1 TOPS
= &3 Bands
- Amplitude_VH ENVISAT ASAR =
=] mmgw;H SAR Applications &
il Amplitude_W SAR Utilities i
@] Intensity W SAR Wizards L]
Complex to Detected GR 2
Multilooking
< >
X = lat —lon — Zoom — Level — Q2

File Help

IO Parameters  Processing Parameters

Source Product
source:
[1] S1A_IW_GRDH_15DV_20160613T001530_20160613T001555_0... ~

Target Product
Name:
SRDH_15DV_20160613T001530_20160613T001555_011685_011E64_S0E4_Orb
Save as:  BEAM-DIMAP v
Directory:
D:'\ClassificationOrbit

Open in SNAP

& Apply Orbit File x
File Help

1/O Parameters

Orbit State Vectors: gentinel Precise (Auto Download) -

Folynomial Degree: |3
[[] Do not fail if new orbit file is not found




Apply Orbit File

E‘ [1] Intensity_VH - STA_IW_GRDH_15DV_20160613T001530_20160613T001555_011685_011E64_90E4 - D:\Classification\S1A_IW_GRDH_15DV_20160613T001530_20160613T001555_011685_011..  — O X

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

_ﬁ & [~ or 4] @ 1@ 1w L Apply Orbit File

i Pixel Info

REXE= roas g TmoeR=

Radiometric
Product Explorer X | Speckle Filtering b4
=-& [1] S1A_IW_GRDH_1SDV_20160613T001530_201 Coregistration >
E:f" Q3 Metadata Interferometric >
- Q Vector_ Data. Polarimetric >
& g ;e-demntkfrlds Enomitic .
£ uickiool
&G Bands Sentinel-1 TOPS ’
o B Amplitude_vH ENVISAT ASAR > ¥
] intensity _\-.rH SAR Applications b
@ Ampitude_vv SAR Utilities >
[} Intensity_w SAR Wizards >
Complex to Detected GR
Multilooking
& Apply Orbit File
File Help
1JO Parameters | Processing Parameters’
Orbit State Vectors: | sentinel Precise (Auto Download) “
Polynomial Degree: 3
[[] Do not fail if new orbit file is not found
<
iose

Aleagry pnpold B

1abeuely 124 im

File Help

1O Parameters  Processing Parameters
Source Product
source:

[1] 51A_IW_GRDH_15DV_20160613T001530_20160613T001555_0... -

Target Product
Mame:
SROH_15DV_20160613T001530_20160613T001555 011685 011E64 S0E4 Orb

Save as:  BEAM-DIMAP W
Directory:
D:\Classification\Orbit

Open in SMAP

Bl 2




Apply Speckle Filter (Gamma MAP 7 x 7

1. Go to Radar Menu >> Speckle Filtering >> Single Product Speckle Filter:
CJ) /O Parameters tab: source — Apply Orbit Image + Target product

) Processing Parameters tab: Source Bands — Ensure all selected; Filter —
Gamma Map — Window Size — 7 x7

. .
C) Click Run and Close window when completed -
File Help
Processing Parameters
I3 [1] Intensity_VH - S1A_IW_GRDH_15DV_20160613T001530_20160613T001555_011685_011E64_90E4_Orb - D:\Classification\Orbit\S1A_IW_GRDH_15DV_20160613T001530_20160613T001555_0..  — ] X = 9
Source Product
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help [ 1 source:
L b= ) il BCcP GCP ?- 1l v 1] S1A_IW_GRDH_1SDV_20160613T001530_20160613T001555_0... ~
S% U UO®RKL womn CegXBEeroqAgNVREIOR: \PoQ s s : :
= | Product Explorer X v Speckle Filtering > Single Product Speckle Filter —| & Target Product
o = T | 5
£ | 8- [11S1AJW_GRDH_1SDV_20160613T001530_203 Coregistration v Multi-temporal Speckle Filter z Name:
3| @0 mewdss itatarsmtine > g 1_1SDV_20160613T001530_20160613T001555_011685_011E64_30E4_Orb_Spk
| [ vectw Dot Polarimetric d g [ save as: |BEAM-DIMAP v
@ - Tie-Point Grids G - 5 &
& @8 Bands ieometric < Directory:
L[ Ampltude_vH Sentinel-1TOPS i D:\Classification\Test\test2
[0 intensity W ENVISAT ASAR > = 2 open
] wm‘j;w SAR Applications 5 —
[ Intensity_w SAR Utilities 3
SAR Wizards H
Complex to Detected GR . ; > 3% . 2
Multilooking . P
A T, Coxe
¢ Single Product Speckle Filter X
File Help
1/0 Parameters Processing Parameters
Source Bands:
Filter: Gamma Map v
Filter Size X {odd number): 7
Filter Size Y (odd number): 7
Estimate Equivalent Mumber of Looks
Mumber of Looks: 0
< >
e = lat —lon - Zoom — Level - @3 Closz




E‘ [1] Intensity_VH - S1A_IW_GRDH_15DV_20160613T001530_20160613T001555_011685_011E64_90E4_Orb - DAClassification\Orbit\51A_IW_GRDH_15DV_20160613T001530_20160613T001555_0... = O X
Ap p |y File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q_‘ Search (Clri+]) _
= e bop GCP +T 1 v
SH AP UWOBME o G XEmroAAINTVRIORE \ P
| adiometric I
Speckle == s i
.E m E [1] S1A_IW_GRDH_1SDV_20160613T001530_201 Coreg]stration > Multi~temporal Speckle Filter g
° e "3 - Metadata Interferometric > 5
F I | 'l-e r g :f Q3 vector Data Polarimetric > =
d m-g Tie-Point Grids Hacendiiit ; E
= Bands i
@ Ampitude_VH Sentinel-1 TOPS .
.-[0) Intensity ;H ENVISAT ASAR > =
n Amplitude_VV SAR Applications > 8 %
[ Intensity_wv SAR Utilities > ;z‘
SAR Wizards ’ B z
Complex to Detected GR 8
Multilooking
bl
& Single Product Speckle Filter & Single Product Speckle Filter
File Help File Help
Processing Parameters /0 Parameters  Processing Parameters
Source Product
source:
[1] S1A_IW_GRDH_1SDV_20160613T001530_20160613T001555 0o ~ | .0
Source Bands:
Target Product
Name:
I_1SDV_20160613T001530_20160613T001555_011685_011E64_90E4_Orb_Spk
Hlsa y Filter: Gamma Map
ve as: BEAM-DIMAP
L Filter Size X (odd number): 7
Directory: ’ '
Filter Size ¥ (odd number): 7
D:\Classification\Test\test2
Estimate Equivalent Number of Looks
£ openin Mumber of Looks: 1.0
( -
<)
-m Close -.H! i. Close




Speckle Filter the Sentinel-1 Image

= O pS

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help |Qv Search (Ctrl+1)

aB IunELsee 8B o AGN YRR 2 \ MEHD

Product Explorer X | Pixellnfo | Projects | -
=5 [2] 51A_IW_GRDH_15DV_20160731_Orb_Cal

. -2 Metadata

[-[E3 vector Data

[-[23 Tie-Point Grids

=23 Bands

B sigmao_vH

B sigmao_wv

- [3]51A_IW_GRDH_15DV_20160731_Orb_Cal_Spk
[ (21 Metadata

F-[Z3 vector Data

[-[Z3 Tie-Point Grids

E-23 Bands

B sigma0_vH

B sigmao_wv

JzBELE] J2AET [m | Aleqr 1anpold -Ks_'__‘-

JaBELIE}) HSEl @ |

io... |Cok:ur M... |I.Inoertain... |Worbd___ x
F ? I B ¥ -

v i -

Off Globe

Zoom — Level —




Terrain Correction

1. Go to Radar Menu >> Geometric >> Terrain Correction >> Range Doppler
Terrain Correction:

a) 1/O Parameters tab: source — Speckle image + Target product

) Processing Parameters tab: Source Bands — Ensure all selected:; Digital
elevation model — SRTM 1Sec HGT (AutoDownload); Select Apply
Radiometric Normalization — Save Sigma0 band — Use local incidence
angle from DEM

C) Click Run and Close window when completed -

File Help
1/O Parameters  Processing Parameters.
8 (3] Intensity_VH - S1A_IW_GRDH_15DV_20160613T001530_20160613T001555_011635_011E64 90E4_Orb_Spk - DAClassification\ Orbit\S14_IW_GRDH_1SDY_20160613T001530_20160613T001555 011685 01 1E64_00EA_Orb_Spk.dim - SNAP = Source Product
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Source:
acp p o —g— [1] S1A_IW_GRDH_ISDV_20160613T001530_20160613T001555_011685_011E64...
% ARTLTR K] moun  ENLBQOBm |0
Radiometric >
Product Explorer X | Pixelinfo | Speckle Filtering > = |[R (3] intensity vH X Target Product
58 [3] S1A_IW_GRD_1sDV_20160613T001530 203605 Coyegatration 3 (o
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Convert Virtual Bands

] ) Right click on ‘Virtual’ band and select Convert
2) Can then apply the Subset tool (without saving)
C]) Saving the converted bands at this point (entire image) takes a long time

b) However, if you do not save the file, the converted band will not be saved but the
virtual band (lookup table) will still be available
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Subset Raster to AOI (Per Image)

Go to Raster Menu >> Subset:

d) Spatial Subset tab — enter the upper left and lower right coordinate
under Geo Coordinates

) Band Subset — select the bands that you wish to subset
“Sigma0_VH/VV_use_local_inci_angle_from_dem”

.
etadata Subset: leave as defau P -
.
Spatial Subset  Band Subset Metadata Subset
d Click Ok nd Cl ind mpleted
IC ay a ose Wi ow when co plete
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e Y M | | d .I. (1} " .I.h | b .I. M West longitude bound: 98.159 %
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Scene step X: 1
Scene step Y: 15
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(7] Sigma0_WH_use_local_inci_sngle_from_dem Sigma0 image created using local incidence angiel
Sigma0_VV_use_local_inci_sngle_from_dem Sigma0 image created using local incidence angie|
< >
[]selectall []Selectnone
Estimated, raw storage size: 1182.6M
S Z = =
Hi
X -Y - Lt —lon - Zoom - Level - @ Canct P
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Co-Registration

Spatial alignment of images acquired on June 13th, July 7t and July 31st, 2016

1.

Go to Radar Menu >> Coregistration >> Coregistration:

a)
b)

c)
d)

ProductSet-Reader: Click Plus sign with line over top adds all open imagery —

Click Revolving Arrows to refresh metadata

Create Stack: Resampling Type — Bilinear_Interpolation — Click Find Optimal

Master

Other tabs: leave as default; ensure Write folder is not over-writing previous files

Click Run and Close window when completed
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Co-Registration
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Exporting Data Stacks Out of SNAP

* Limited functionality in SNAP; opportunity to customize classifiers

* Two ways to ‘export’

— SNAP — File — Export (1)
— Windows File Explorer — use the .img files in the associated BEAM DIMAP folder (2)
* Canuse .fifsin R, Python etc. (RandomForest, R
hitps://cran.r-project.org/web/packages/randomForest/randomForest.pdf)
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Date modified: 1/25/2019 1219 PM

| Sigma0_VH_use_local_inci_
| Sigmal_VH_use_local_inci_angle_from_dem_sh3_31Jul2016
| Sigma0_VV_use_local_inci_angle_from_dem_mst_13Jun2016.hdr
© Sigmal_VV_use_local_inci_angle_from_dem_mst_13Jun2016
_ Sigmal_VV_use_local_inci_angle_from_dem_sh2_07Jul2016.hdr
| Sigma0_VV_use_local_inci_angle_from_dem_sh2_07Jul2016
_ Sigma0_VV_use_local_inci_angle_from_dem_sh4_31Jul2016.hdr
| Sigma0_VV_use_local_inci_angle_from_dem_sh4_31Jul2016

X =Y - lat =—-Llon - Zoom — Level — Q2

Date modified

25/2019 12:40 PM

91219 PM

3
I

1
1
1
1

19 PM

019

Type

File folder
HDR File
Disc Image File
HDR File
Disc Image File
HDR File
Disc Image File
HDR File
Disc Image File
HDR File
Disc Image File
HDR File

Disc Image File

v QO

Search Subset_S1A_IW_GRDH... 0@

Size



https://cran.r-project.org/web/packages/randomForest/randomForest.pdf
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