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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

Overview
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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.

Overview

Ground truth measurements from the CzechAgri study, for:
• Winter rapeseed
• Winter cereals
• Spring cereals
• Sugarbeet
• Fodder crops

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

http://www.esa-sen2agri.org/wp-content/uploads/docs/CzechAgri%20Final%20Report%201.2.pdf
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You have the following folders:
• Aux_data: AOI, 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.
• Outputs_backup: use them if you have any 

trouble during the course

Overview: the data folder
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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-l-c-x-band-sar-training-course/

- SAR Basics
- SAR for Agriculture

Reminder on SAR Basics and on SAR for 
Agriculture

https://eo4society.esa.int/event/esa-conae-l-c-x-band-sar-training-course/
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• Inputs folder: find the image from 22 November 2015 and drag it into SNAP. 

Step 1: Open an image and process it manually
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Correct the image following the tools below, in the order indicated (example of Amplitude VH):

Step 1: Open an image and process it manually

1- Apply Orbit File 2- Thermal Noise Removal 3- SubsetOriginal image

https://qc.sentinel1.eo.esa.int/
(AUX_POEORB)

https://qc.sentinel1.eo.esa.int/
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Step 1: Open an image and process it manually

4- Calibrate
5- Radar Speckle 

Filtering
6- Range-Doppler Terrain 

Correction 7- Conversion to dB
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Tip: Good habits

Check the help and the Metadata/Processing Graph for any doubts
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Step 2: Process a batch of images with a graph

Tools / Graph Builder
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Step 3: Process a batch of images with a graph

Tools / Batch Processing 
Load the 3 inputs images 
Load graph
Save to Outputs/Step3 folder
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Step 4: Display time series of known crops

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
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Step 4: Display time series of known crops

Display the time series for each pin: View / Tool Windows / Time Series
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Step 4: Display time series of known crops

Display the time series for each pin: View / Tool Windows / Time Series
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Step 4: Display time series of known crops

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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Theory pill (Lecture from C.Schmullius)

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-l-c-x-band-sar-training-course/

https://eo4society.esa.int/event/esa-conae-l-c-x-band-sar-training-course/
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Step 4: Display time series of known crops

Spring cereals

Winter cereals

Winter rapeseed

Sugar beet

Fodder crops
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Step 4: Display time series of known crops

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 !
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Step 4: Display time series of known crops

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

https://www.woweather.com/weather/maps/city

= S1 acquisition (estimation)

https://www.woweather.com/weather/maps/city
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Step 4: Display time series of known crops

Time series of the 
Sugar Beet pin (VV)
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Step 4: Display time series of known crops

Time series of the 
Winter Rapeseed pin (VH)
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Step 4: Display time series of known crops

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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Step 4: Display time series of known crops

Example of Winter rapeseed ‘s phenological cycle:

Sowing by end of October
Harvesting around June

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

Sowing Harvesting
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Step 4: Display time series of known crops

Example of Sugar beet ‘s phenological cycle:

Planting in spring and 
harvesting in autumn

Time series of the 
Sugar Beet pin (VV)

Planting Harvesting
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Step 5: Multitemporal polarimetric analysis

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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Step 5: Multitemporal polarimetric analysis

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



27

Step 5: Multitemporal polarimetric analysis

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

VV
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Step 5: Multitemporal polarimetric analysis

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

Yellow: both Red and Green
have high values (oriented targets, 
with contributions from both vertical 
and horizontal backscatter)
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Step 5: Multitemporal polarimetric analysis

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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Step 6: Random Forest Classification

Raster / Classification / Supervised Classification / Random Forest Classifier
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Step 6: Random Forest Classification

Results with 20 Trees: 

Dual pol (VV&VH) VV VH
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Step 6: Random Forest Classification

Results with 200 Trees: 

Dual pol (VV&VH) VV VH
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Step 6: Random Forest Classification

Import the validation polygons and explore by manipulating their transparency:
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Thank you!

Let us know in the chat if you have any questions!
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Annex 1: How to create your own pins

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
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Annex 1: How to create your own pins

You have loaded the shapefiles of each class (each with a set of polygons) into SNAP:
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Annex 1: How to create your own pins

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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Annex 1: How to create your own pins

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:
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Annex 1: How to create your own pins

Repeat for the other crop types. 
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Annex 1: How to create your own pins

The file can be imported into SNAP later on:

Then select the pins you want to save and export (as XML or as flat text)
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Annex 2:Plot mean backscatter of polygon over time

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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Annex 2:Plot mean backscatter of polygon over time

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
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Annex 2:Plot mean backscatter of polygon over time

You can delete vectors easily by right-clicking on them.

TIP:

To work with only 1 of the polygons (or with a selection of 
them), the easiest is to import all of them as individual 
polygons, and then delete the ones you won’t be using.
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Annex 2:Plot mean backscatter of polygon over time

Option B: Visualizing the averaged time series of all the individual polygons of that shapefile - click NO
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Annex 2:Plot mean backscatter of polygon over time

View / Tool Windows / Radar / Time Series
Import the images and choose the band (VV or VH) that you want to display
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Annex 2:Plot mean backscatter of polygon over time

Click the Show Averaged AOI button, and in the pop-up, select Mean:
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Annex 2:Plot mean backscatter of polygon over time

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:
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Annex 2:Plot mean backscatter of polygon over time

Option B: Visualizing the averaged time series of all the individual polygons of that shapefile:
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Further information

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

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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