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We will:
 Pre-process S1 GRD images:
« How to do it for a single S1 GRD image manually
« How to process a set of images automatically (graph and batch processing)
* Visualize and understand the SAR time series of different crops
« Complement it with NDVI time series, rainfall data and info on phenological stages
* Multi-temporal polarimetric analysis
» Classify the fields in the region (includes importing vectors)
« Discuss classification results in the context of dual polarisation
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« Sentinel-1 datasets from December 2015 to October 2016 over Czech Republic:
24 GRD acquisitions, VV + VH. You will pre-process 3 of them.
The other 21 have been pre-processed for you.

Ground truth measurements from the CzechAgri study, for:
 Winter rapeseed

 Winter cereals
 Spring cereals
 Sugarbeet
 Fodder crops

http://www.esa-sen2aqri.org/wp-
content/uploads/docs/CzechAgri%20Final2620Report%201.2.pdf

3

— 01 hm = N 4 ] =

i

—_— Il D e B Il = R E1 ER == im ¥ » THE EUROPEAN SPACE AGENCY


http://www.esa-sen2agri.org/wp-content/uploads/docs/CzechAgri%20Final%20Report%201.2.pdf

You have the following folders:

 Aux_data: AQI, pins, training/validation data, subset coordinates, and colour palette for the classification
result

 Inputs: contains the 3 S1 GRD images you will pre-process yourself

 Outputs: save your results here, organised per step. The 21 images that were pre-processed for you can be
found here.

e« OQOutputs_backup: use them if you have any
trouble during the course
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To refresh or deepen your knowledge, we invite you to look at those materials from a previous ESA course,
developed by Prof. Christiane Schmullius, from the University of Jena, Germany:

https://eo4society.esa.int/event/esa-conae-I-c-x-band-sar-training-course/

- SAR Basics
- SAR for Agriculture

5
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https://eo4society.esa.int/event/esa-conae-l-c-x-band-sar-training-course/

* Inputs folder: find the image from 22 November 2015 and drag it into SNAP.

|| S1A_IW_GRDH_15Dv_ENERRERT 164248 20151122T164313_008720_00C6A3_E33A
| S1A_IW_GRDH_15DV_20151216T164247_20151216T164312_009070_00D065_CB4E
| S1A_IW_GRDH_15DV_20160100T164247_20160109T164312_009420_00DAS5E_038B

Product Explorer X | Pixel Info
- [1]S1A_IW GRDH_1SDV_20151127T164248_20151127T164313 008720 _00C6A3_E33A
-3 Metadata
-3 vector Data
(33 Tie-Point Grids
IE Quicklooks
IE Bands
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Correct the image following the tools below, in the order indicated (example of Amplitude VH):

Original image 1- Apply Orbit File 2- Thermal Noise Removal 3- Subset

=3 Bands https://qc.sentinell.eo.esa.int/ =33 Bands
@ Ampitude_VH (AUX_POEORB) - Intensity
' """ ﬁ Intensity_VH - ﬁ Intensity WV
@ Amplitude_w
. ﬁ Intensity WV
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https://qc.sentinel1.eo.esa.int/

| 5- Radar Speckle 6- Range-Doppler Terrain |
4- Calibrate Filtering Correction /- Conversion to dB

-3 Bands

- [E Ssigma0_vH

...... ﬁ Sigmal_VV
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Check the help and the Metadata/Processing Graph for any doubts

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

af LwicseR ER » 0Q L

Product Explorer X | Pixel Info

@& [1] 51A_IW_GRDH_15DV_20151122T164248_20151127T164313_008720_00C6A3_E33A
=B [2] S1A_IW_GRDH_1SDV_20151127T164248_20151122T164313_008720_00C6A3_E33A_Orb

=-S5 Metadata

5B Abstracted_Metadata

_ ﬂ Criginal_Product_Metadata
Elﬂ Processing_Graph

ﬂ node.0

ﬂ node. 1

- [ Vector Data
23 Tie-Point Grids
E}--@ Bands

@Help
Py

Contents  Search
Find: | Apply orbit file

# 2 Help - Cross G
[ ¥1Help - Apoly O
# 4 Help - DEM Assisted Coregistration
# 5 Help - Sentingl-1

@ 37 Help - Range Doppler Terrain Correc
@ 34 Help - Orthorectification

@ 1 Help - 5taMPS Export

& 1 Help - Supported Products

@ 8 MERIS Level 1 Radiometric Processor
@ 37 Help - Calibration

@ 57 RapidEye Product Reader

@ 1 S1TBX Help

i@ 7 Help - SAR Simulation

@ 5 Help - Update Geo Reference Operat
@ 5 Help - Import Sentinel-1

@ 5 SNAP Dats Processors - C2RCC Proce
@' 8 AATSR Regridding Processor

@ 2 Help - Estimation and Subtraction of 1
i@ 1 Sentinel Toolhox Help - Import MODIS
@ & MERIS Level 1 Radiometric Processor
@ 1 Sentinel-3 SLSTR L18 Product Dissemi
i@ 1 Sentinel Toolbox Help - Colour Manipu
@ 1 Level 3 Binning Operator

@ 1 Help - WSS Mosaic

i@ 2 Help - Coregistration

@ 2 Help - DINSAR.

& 1 Help - CPM Estimation and Resampling
() 26 Standalone Tool Adapter

(1 24 SNAP gpt

() 18 SMAP Data Processars - Creating ne
(1 15 SNAP Data Processars - Idepix Land
(1 15 SNAP Data Processors - Idepix Land
() 12 SMAP Data Processars - Creating ne
() 12 Pixel Extraction

() 12 GDAL Scene Product Writer

(O 11 Envi Data Product Reader

() 11 Sentinel Toolbox Help - Session

(1 11 Sentinel Toolbox Help - GETASSE30
() 11 Write Operator

() 10 Binning Operator

() 10 StatisticsOp Operator

() 10 SPOT Scene Product Reader

lation Operator

Apply Orbit Correction

LYl iRl TINS5 Operator

The orbit state vectors provided in the metadata of a SAR product are generally
not accurate and can be refined with the precise [sli§ill= which are available
days-to-weeks after the generation of the product.

The li=[ifil= provides accurate satellite position and velocity information. Based on
this information, the orbit state vectors in the abstract metadata of the product
are updated.

Orbit Files Supported

The operator currently only supports ASAR and ERS products.

@& For Sentinel-1, Restituted orbit files and Preceise [sf8 == eV N s==10] (=l .
Precise orbits are produced a few weeks after acquisition. Orbit files are
automatically download from Array's servers. If an orbit file is not found, you
may try looking for it in https://gc.sentinell.eo.esa.int/ and placing the
downloaded file into the auxdata folder.

& For ASAR product, DORIS precise [sfysli il E¥a Tt =Ta Na R wy R el =017 =0 -]
raitement Doris Poseidon (CTDP) and Delft University can be appliediiid
provides the satellite positions and velocities in ECEF coordinates every 60
seconds.

@& For ERS product, DELFT precise [lyslidill=Nsl=lst=te=v=Yall s\ 7= o (F1u|ad |u=1) (o] 3
[Earth-Oriented Space Research (DEOS) can be appliedidslgviyls =R, 1=Y
satellite ephemeris information (latitude, longitude, height) every 60
seconds. The operator first converts the satellite position from (latitude,
longitude, height) to ECEF coordinates, then computes the velocity
information numerically.

@ Also for ERS product, PRARE precise [s]foidyil{=gs [Ty t=] =1 od=1s o]l oL i 0 g TFT =110
PEERERES . It provides the same information every 30 seconds.

Major Processing Steps
()9 SNAP Data Processors - (A)ATSR 55T w

< ES To refine the orbit state vectars, the following steps are performed: Y
9
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Tools / Graph Builder
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TOOlS / BatCh ProceSSIng H Batch Processing : Step2_preprocessing_graph_51.xml >
Load the 3 inputs images File Graphs
Load g I’ap h /O Parameters  Calibration Terrain-Correction  Apply-Orbit-File  ThermalMoiseRemoval Subset Speckle-Filter  LinearToFromds
Save to Outp uts/StepB folder File Marne Type Acquisition  Track Orbit =F
S1A_TW _GRDH_15DV_20180109T164247 20160109T164312_009420 00DASE_038B |GRD 09]an2016 (73 9420 l:ﬂ:
S1A_TW GRDH_15DV_20151127T164248 20151127T164313 008720 _00C6A3 E33A |GRD 22Mov2015 (73 8720 p—
S1A_TW GRDH_15DV_20151216T164247 20151216T164312_009070_00D065_C84E  |GRD 16Dec2015 (73 Q070 @
]
%
s
3 Products
Target Folder
Save as: | BEAM-DIMAPR “
Directory:

D:\Training)SNAP_Crop_practicz/\outputs\Step3

[ ] Skip existing target files Keep source product name

Load Graph [ Fun Close Help

11
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Open the 24 pre-processed subsets (from Outputs/Step3 folder)
Load pins: View/Tool Windows / Pin Manager and load “pin.placemark” file
View / Tool Windows / Time Series

Product Explorer X | Pixel Info

=8 [1] S1A_IW_GRDH_1SDV_20151127T164248_20151122T 164313_008720_00C5A3_E33A
it (33 Metadata

[Z3 vector Data

=23 Bands

[ sigmao_vH_db

[ sigmao_vv_db

[2] S1A_Iw_GRDH_1SDV_20151216T164247_20151216T164312_009070_00D065_C84E
[3] 51A_IW_GRDH_15DV_20160109T164247_20150109T164312_009420_00DASE_0338
[4] 51A_IW_GRDH_15DV_20161023T164255_20161023T164320_013620_015028_8B7D
[5] S1A_Iw_GRDH_15DV_20160121T164246_20160121T164311_009595_D0DFEE_3466
[5] 51A_IW_GRDH_15DV_20160202T164246_20150202T164311_009770_00E487_ASDB
[7] 51A_Iw_GRDH_15DV_20160226T164246_20160226T164311_010120_00EEBS_2133
[8] 51A_IW_GRDH_1SDV_20160309T164246_20160309T164311_010295_00F3AD_0239
[9] 51A_IW_GRDH_15DV_20160321T164246_20160321T164311_010470_00F8A3_96A2
[10] S1A_IW_GRDH_1SDV_20160402T 164247 _20160402T 164312_010645_00FDAT_6D4C
[11] S1A_IW_GRDH_1SDV_20160414T 164247 _20160414T164312_010820_0102EC_753F
[17] 51A_IW_GROH_15DV_20160426T 164247_20160426T164312_010995_01084E_C34F
[13] S1A_IW_GRDH_1SDV_20160520T 164249_20160520T164314_011345_01137E_521F
[14] S1A_IW_GRDH_15SDV_20160801T 164249 _20160601T164314_011520_011934_0817
[15] 51A_IW_GRDH_15DV_20160813T164250_20160613T164315_011695_011EAD_0COE
[16] S1A_IW_GROH_1SDV_20160707T164252_20160707T164317_012045_01290A_6BDS
[17] 51A_IW_GROH_15DV_20160719T 164252_20160719T164317_012220_012F85_4B6C
[18] S1A_IW_GRDH_1SDV_20160731T164253_20160731T164318_012395_013548_8922
[19] S1A_IW_GRDH_1SDV_20160817T164253_20160812T164318_012570_013819_6789
[20] 51A_IW_GRDH_15DV_20160824T 164254_20160824T 164319_012745_0140FA_0ATS
[21] S1A_IW_GRDH_1SDV_20160905T 164254_20160905T 164319_012920_0146C8_9289
[27] S1A_IW_GRDH_1SDV_20160917T164255_20160917T164320_013095_014C73_2CCD
[23] 51A_IW_GRDH_15DV_20160929T 164255_20160929T164320_013270_015225_F1FA
[24] S1A_IW_GRDH_1SDV_20161011T164255_20161011T164320_013445_0157AD_C664
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Display the time series for each pin: View / Tool Windows / Time Series

Navigation - [1... | Colour Manip.... | Uncertainty Vi... |World View | Time Series x| —
.}
o
2
Open a band and add products with settings.| \//9
|
E Time Series Analysis Settings >
Show Legend
Graph 1
File Mame Type Acquisition Track Orbit =
S1&_IW_GRDH_15DV_2015... |GRD 22Nov2015 73 3720 " =
S1A_IW_GRDH_150V_2015... |GRD 16Dec2015 73 9070 .
S1A_IW_GRDH_15DV_2016... |GRD 091an2016 73 3420 -
S1A_IW_GRDH_15DV_2016... |GRD 230ct2016 73 13620 ﬁ
S1A_IW_GRDH_150V_2016... |GRD 211an2016 73 9595
S1A_IW_GRDH_1SDV_2016... |GRD 02Feb2016 73 9770 4
S1A_IW_GRDH_15DV_2016... |GRD 26Feb2016 73 10120 3
S1A_IW_GRDH_150V_2016... |GRD 09Mar 2016 73 10295
S1A_IW _GRDH_1SDV_2016... |GRD 21Mar2016 73 10470 g
S1A_IW_GRDH_15DV_2016... |GRD 02Apr2016 73 10645 =
S1A_IW_GRDH_150V_2016... |GRD 14Apr20is 73 10820 2]
S1A_IW_GRDH_15DV_2016... |GRD 264pr2016 73 10995 %\‘}
S1A_IW_GRDH_15DV_2016... |GRD 20May2016 73 11345 pepmni
S1A_IW_GRDH_150V_2016... |GRD 011un2016 73 11520 —
S1A_IW_GRDH_15DV_2016... |GRD 131un2016 73 11695
S1A_IW_GRDH_15DV_2016... |GRD 071ul2016 73 12045 Rename
S1A_IW_GRDH_150V_2016... |GRD 193ul2016 73 12220 b
=
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Display the time series for each pin: View / Tool Windows / Time Series
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See the Annexes at the end of this presentation for more info on:
- How to create your own pins
- How to use the Time Series tool to display the average backscatter over a polygon
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Different backscattering mechanisms occur (direct backscattering from vegetation constituents, direct
backscattering from underlying ground, double-bounce between soil and canopy).

The importance of each depends on:

- System parameters: frequency (different penetration), polarisation (different attenuation, effect of
planting rows...), incident angle (different effect of soil roughness, ...)

- Target parameters: dielectric and geometrical characteristics of crops (crop type, phenological stage,

water content, biomass, LAI, height, stem diameter, row orientation and distance, orientation of plant constituents,
plant surface water, ...) and of soil (moisture, surface roughness, soil texture)

Complex interaction of the target parameters - experimental field work and modelling approaches are important!

https://eo4society.esa.int/event/esa-conae-I-c-x-band-sar-training-course/

16
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https://eo4society.esa.int/event/esa-conae-l-c-x-band-sar-training-course/

Spring cereals Sugar beet

Winter cereals
Fodder crops

Winter rapeseed
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If possible, try complementing your SAR time series with other data, such as:

- Rainfall measurements from surrounding stations (city of Pardubice, in our case)
- NDVI time series (derived from optical data, such as Sentinel-2)

- The phenological stages of your crop over time

Note that gathering data from such varied sources and sensors, in different formats, plus ensuring they coincide in
time and cover the same area can be difficult !

18

—_— Il D e B Il = R E1 ER == im ¥ » THE EUROPEAN SPACE AGENCY

i

— 01 hm = N 4 ] =



Rainfall measurements from surrounding stations (city of Pardubice, in our case)

L A e L A

25 = -
e o et Wl SR i

sl S _

ol

|

0

Feb Mar Apr  May  Jun Jul Aug Sep Oct Mov Dec
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https://www.woweather.com/weather/maps/city
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NDVI time series (derived from optical data, such as Sentinel-2):

Example from a site in
Argentina, using ground truth
data courtesy of CONAE)
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Example of Winter rapeseed ‘s phenological cycle:

Time series of the
Winter Rapeseed pin (VH),
duplicated to simulate two years

Sowing by end of October
Harvesting around June

Sage 1
Stage 0

|
N N BN B NN BN BN BN NN BN BN NN BN BN BN NN BN BN NN NN BN BN NN BN BN NN BN BN B N

oY

=

e | Seedling | Roselle

17 |

Vegetative Stages fapradurtive Stages

Sowing Harvesting
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Example of Sugar beet ‘s phenological cycle:

Time series of the
Sugar Beet pin (VV)

Planting in spring and
harvesting in autumn

Planting Harvesting

24
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Radar / Coregistration / Stack Tools / Create Stack with the 24 pre-processed images (outputs/Step3).
Window / Open RGB Image Window

You can vary the acquisition date, maintaining the channel:
- We do it first for VH
- Then for VV
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Forest (grey) and urban areas (white)
Red: areas with higher backscatter on 9Jan2016 (sugarbeet, for example)
Green: areas with higher backscatter on 20May2016 (most are winter rapeseed)

Blue: areas with higher backscatter on 17Sept2016

VH

26
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Forest (grey) and urban areas (white)
Red: areas with higher backscatter on 9Jan2016 (sugarbeet, for example)
Green: areas with higher backscatter on 20May2016 (most are winter rapeseed)

Blue: areas with higher backscatter on 17Sept2016

VvV
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You can vary the polarisation channel, maintaining the date:

Red : areas with higher backscatter in VV
Green : areas with higher backcscatter in VH
Blue: higher value for the division VV/VH

: both Red and Green
have high values (oriented targets,
with contributions from both vertical
and horizontal backscatter)
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Create two subsets of your stack, which contain only bands from VH or from VV
Radar / Coregistration / Stack tools / Stack averaging
Compare and overlay the crop polygons to help interpreting
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Raster / Classification / Supervised Classification / Random Forest Classifier
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Results with 20 Trees:

Dual pol (VV&VH) VV VH
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Results with 200 Trees:

Dual pol (VV&VH) VV VH
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Import the validation polygons and explore by manipulating their transparency:

33

— 01 hm = N 4 ] =

i

—_— 0] O —m = - il = == S = [l » THE EUROPEAN SPACE AGENCY



Let us know in the chat if you have any questions!

34

— 11 b

= g W

i
1
1
1

== 1 1] = == S - m 1¥] > THE EUROPEAN SPACE AGENCY




In our example, the input is a series of shapefiles, each of which contains a set of polygons from the same crop

type (Sugar beet, Winter cereals, etc).

Vector / Import / ESRI Shapefile

B Import Geometry >

The vector data set contains 8 polygonal shapes.
Shall they be imported separately?

If you select Yes, the polygons can be used as individual masks
and they will be displayed on individual layers,

E Yes i Ma | Help
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You have loaded the shapefiles of each class (each with a set of polygons) into SNAP:
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Decide the first crop type for which you want to set a pin (e.g. Sugar beet)
Layer / Layer Manager and only keep active the vectors of that crop type
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Activate the View / Toolbars / Tools, and click on the Pin Placing Tool

Place your pin within your crop type polygon, and adjust its
colour and name:

I I

38

— 01 b c= 0 4 I W = I I] D — i e Bl = Gz E1 SR == i I¥l » THE EUROPEAN SPACE AGENCY




Repeat for the other crop types.

: Layer Manager

= Vector data
[] # pins
[ ] # ground_control_points
 WTrain_Fodder Crops
.. [] # Train_Maize
[] # Train_Spring_Cereals
[ ] ® Train_Sugarbeet
. [] # Train_Winter_Cereals
L. [] # Train_Winter_Rapeseed

=i... A Maole
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Then select the pins you want to save and export (as XML or as flat text)

Pin Manager > |

X Y
1460, 500
2735.500
3134.500

Lon
15.8594493
15.974118

Lat

Color

45.937110
49.917167 NG

459.916089

Label

Sugar Beet
Fodder Crops

Winter Rapeseed

The file can be imported into SNAP later on: 4
Y
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Load all the pre-processed subsets, and display one of their bands
Vector / Import / ESRI Shapefile and import the polygons of one of the crop types
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The crop type shapefiles of this example are composed of various polygons.
You have two options, depending on your goal:

Option A: Visualizing the time series of individual polygons of that shapefile - click YES

Product Explorer X | Pixel Info

=8 Import Geometry by

The vector data set contains 8 polygonal shapes.
Shall they be imported separately?

If you select Yes, the polygons can be used as individual masks
and they will be displayed on individual layers.

fes Mo Help

* Train_Sugarbeet_1
‘ Train_Sugarbest_2
i- Train_Sugarbeet_3
i- Train_Sugarbeet_4
* Train_Sugarbeet_5
* Train_Sugarbeet_&
‘ Train_Sugarbeet_7

[ Sigma0_vH_db
[ Sigmad_vV_db

* Train_Sugarbeet 3

=3 Bands

-8 [1] S1A_IW_GRDH_1SDV_20160121T164246_20160121T164311_009595_00DFEE_3466
- (2] Metadata
=123 Vector Data

B ground_contral_paints
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TIP:

Product Explorer X | Pixel Info
o8& [1] S1A_IW_GRDH_1SDV_20160121T164246_20160121T164311_009595_00DFSE_3466

To work with only 1 of the polygons (or with a selection of _
them), the easiest is to import all of them as individual ig~—Rnnel
polygons, and then delete the ones you won’t be using. ||| @ = i pins

..... B

----- * ain_Sugarbeet_4

----- = W Train_Sugarbeet_5

----- = MTrain_Sugarbeet_&

----- * ain_Sugarbeet_7

" - . L - | N S-S S i __uga-" O
You can delete vectors easily by right-clicking on them. g Bt Open Placemark Window

----- B siogmao_wH Geometry as Shape file

..... ﬁ Sigmad_wV Cut Crl+X
- [2] 51A_IW_GROH 9070_00D0G5_CR4E
- [3] S1A_IW_GRDH Copy Ctrl+C lo7on noceas Easa
&6 [4] S1A_IW_GRDH Paste Ctrl+V' |a420_00DASE_038E
B [5] S1A_IW_GRDH Delete Delete |9770_00E437_ASDE
EEI"'Q [6] S1A_Iw_GRDH Properties 0295_00F3AD_D239
G- [7] S1A_TW_GROHL oo = —0470_00F8A3_26A2
G- [8] S1A_IW_GRDH_1SDV_20160226T 164246_20160226T164311_010120_00EEBS_2133
=" R DV 2016040 T164247 201604027 164 .

| Navigation - [1] Sigma0... | Colour Manipulation - [.. | Time Series
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Option B: Visualizing the averaged time series of all the individual polygons of that shapefile - click NO

Product Explorer = | Pixel Info

E Import Geometry

The vector data set contains 8 polygonal shapes.
Shall they be imported separately?

es

Mo

If you select Yes, the polygons can be used as individual masks
and they will be displayed on individual layers.

Help

G- Metadata
=23 Vector Data

P i| Train_Sugarbest |
=3 Bands

=& [1] 51A_IW_GRDH_15DV_20160121T164246_20160121T164311_003535_00DFEE_3466
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View / Tool Windows / Radar / Time Series
Import the images and choose the band (VV or VH) that you want to display

H Time Series Analysis Settings X
Show Grid Show Legend

Graph 1
File Mame Type Acquisition Track Orbit '=E'"
S14_IW_GRDH_1SDV_201601... [GRD 21122016 73 3595 -
S1A_IW _GRDH_15DV_201512... |GRD 16Dec2015 73 3070
S1A_IW_GRDH_15DV_201511... |GRD 22MNov2015 73 3720 =
S1A_IW_GRDH_15DV_201601... |GRD 09]an2016 73 9420 ﬁ

|| 51 IW_GRDH_15DV_201602... [GRD n2Feb2016 73 5770

1| |51A_1W_GRDH_15DV_201603.., [GRD 09Mar2016 73 10295 4
S1A_IW_GRDH_15DV_201603... |GRD 21Mar2016 73 10470 =

1| [51a_1w_cRDH_15DV_201802... |GRD 26Feb2016 73 10120

1| |51A_Tw_GRDH_15DV_201604... |GRD 02Apr2016 73 10645 g

1| [s1A_1W_GROH_15DV_201605... |GRD 20May2016 73 11345 p

1| [S1A_IW_GRDH_1SDV_201604... |GRD 14Apr201e 73 10820 =
S1A_IW_GRDH_15DV_201604... |GRD 26APr2016 73 10995 %

3| [S1A_IW_GRDH_1SDV_201806... |GRD 01Jun2016 73 11520 48 Products

§ S1A_IW_GRDH_15DV_201607... |GRD 071ul2016 73 12045 _

1| |51A_TW_GRDH_15DV_201607... |GRD 18302016 73 12220
S1A_IW _GRDH_15DV_201606... |GRD 130n2016 73 11695 Rename
S1A_IW_GRDH_15DV_201607... |GRD 31ul2016 73 12395 hd

Apply Close
T
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Click the Show Averaged AQOI button, and in the pop-up, select Mean:
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Depending on how you imported your polygons (see previous slide), you will get different outputs:

Option A: Visualizing the time series of individual polygons of that shapefile:

Product Explorer X | PixelInfo |

=& [1] 51A_IW_GRDH_1SDV_20160121T164246_20160121T 154311_009595_0ODF6E_3466
- (3 Metadata

=53 Vector Data

! grnund=r.:ontml _paints
* Train_Sugarbeet_1
*- Train_Sugarbeet_2
i Train_Sugarbeet_3
* Train_Sugarbeet_4
* Train_Sugarbeet_5
*- Train_Sugarbeet_&
*- Train_Sugarbeet_7
* Train _Sugarbeet B
=23 Bands

----- B sigma0_vH_db

----- B sigmao_vv_db
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Option B: Visualizing the averaged time series of all the individual polygons of that shapefile:

Product Explorer = | Pixel Info
EIQI [1] S1A_IwW _GRDH_15DV_20160121T164246_20160121T164311_009595_00DFSE_3466
-3 Metadata

123 Vector Data

CE pins

...... s ground_control_points

P b i-| Train_Sugarbeet |
=53 Bands

------ Bl Sigma0_vH_db

------ Bl Sigma0_vv_db
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- Sentinel-1 User Guide: https://sentinel.esa.int/web/sentinel/user-quides/sentinel-1-sar
- CzechAgri project: http://www.esa-sen2agri.org/wp-
content/uploads/docs/CzechAqri%20Final%20Report%201.2.pdf

- Rapeseed crop information:
https://www.canolacouncil.org/canola-encyclopedia/crop-development/growth-stages/
http.//canola.okstate.edu/cropproduction/commonguestions

- Sugar beet crop information:
https://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=2489&context=extensionhist
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https://sentinel.esa.int/web/sentinel/user-guides/sentinel-1-sar
http://www.esa-sen2agri.org/wp-content/uploads/docs/CzechAgri%20Final%20Report%201.2.pdf
https://www.canolacouncil.org/canola-encyclopedia/crop-development/growth-stages/
http://canola.okstate.edu/cropproduction/commonquestions
https://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=2489&context=extensionhist
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