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Overview 

• SMOS mission 

• Scientific objetives of ocean salinity 

• SMOS products supported by BEAM 

• Auxiliary data 

• SMOS box 

 

Exercises 
1. Open SMOS L2 ocean salinity product in BEAM: understanding contents  

2. Display Level 1c: SMOS box tools 

 



SMOS mission 

• Microwave Imaging 
Radiometer with 
Aperture Synthesis 
(MIRAS) instrument. 

• 69 small antennas 
distributed in three 
arms. 

• Measure radiation 
emitted from the 
Earth at L-band (1.4 
GHz). 

• Interferometry cross-
correlation of the 
signals. 



Scientific objectives of Ocean Salinity 

• Improve seasonal to inter-annual ENSO climate predictions 

• Improve the estimates of the ocean rainfall and thus the 
global hydrological budget 

• Monitor large-scale salinity events 

• Improve monitoring of SSS variability 

 

 
The sensitivity of the brightness temperature to ocean salinity is a maximum at low 
microwave frequencies, and the best conditions for salinity retrieval are found at L-
band (1.4 GHz). 
 
Accuracy of salinity measurements is improved using various incidence angles and 
times (averaging procedure). 



SMOS Products supported by BEAM 

 

 
 
 
 
 

• Level 1C product 
• Brightness temperature 
• Incident angles 

 
 
 
• Level 2 ocean salinity product 
• Level 2 soil moisture product 
 
• Auxiliary products 



Auxiliary data 

• Level 1 auxiliary data: this type of data comprises the Discrete 
Global Grid (DGG), the land-sea mask, flat target transformation 
measurements, known RFI (Radio Frequency Interference) sources, 
etc. http://www.smos.com.pt/project_data_adf.html 
 

• Level 2 ocean salinity auxiliary data: These datasets are used for 
generating ocean salinity products. Examples include ocean target 
transformation lookup tables, roughness information, long-term 
salinity climatologies, etc. 
http://www.argans.co.uk/smos/pages/faqs.php#Q2 
 

• Level 2 soil moisture auxiliary data: These static or dynamically 
updated auxiliary files contain information needed for generating 
soil moisture products, such as ECOCLIMAP surface cover 
information, ECMWF forecast geophysical fields, vegetation optical 
thickness, etc. http://smos.array.ca/web/smos/adfs 
 

http://www.smos.com.pt/project_data_adf.html
http://www.argans.co.uk/smos/pages/faqs.php#Q2
http://smos.array.ca/web/smos/adfs


BW versus SC full polarization L1C 

Browse Product Science Product 



SMOS Box Key Features 

• Reading the SMOS L1c and L2 products 

 

• Rastering the hexagonal structure of SMOS footprints 

 

• All BEAM (VISAT, API, …) features available: 

• PINs, band arithmetic, masks/ROIs 

• Seamless working with SMOS, MERIS, AATSR, MODIS, etc. 

 

• Specific SMOS Box features 

• L1c Table 

• L1c flag matrix 

• L1c snapshots 

• L1c charts 



How to obtain SMOS data 

• Data is available to registered users only. Registered users can obtain 
SMOS data in two different ways: 

– 1. By subscribing to the systematic distribution of products 

– 2. By searching the SMOS data product catalogue EOLI and submitting an 
order for selected archived products (limited to 20 products per order).  

 

•      https://earth.esa.int/web/guest/-/how-to-obtain-data-7329 

 

• ESA's mandate for the provision of data products ends at level 2. For level 
3 and 4 data products see the national French and Spanish processing 
entities: Centre Aval de Traitement des Données SMOS (CATDS) and SMOS 
CP34. 

http://www.catds.fr/
http://www.catds.fr/
http://www.catds.fr/
http://www.catds.fr/
http://www.catds.fr/
http://www.catds.fr/
http://www.catds.fr/
http://www.catds.fr/
http://www.catds.fr/
http://www.catds.fr/
http://cp34-bec.cmima.csic.es/
http://cp34-bec.cmima.csic.es/
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BEAM in a nutshell 

• BEAM is a tool for the exploitation of EO data 

– VISAT Visualisation and Analysis Tool 

– > 30 Data Processors 

– SMOSBox, Globtoolbox, ChrisBox 

– NEST built on BEAM API 

 

• BEAM is an open source Java platform for the  
development of remote sensing applications 

– Java API, Graph Processing Framework 

– User support: Plug-Ins, Issue tracker,  
Community Wiki 

– Supported by ESA, started 2002 

 

• Free available from envisat.esa.int/beam or www.brockmann-consult.de/beam  

http://envisat.esa.int/
http://www.brockmann-consult.de/beam
http://www.brockmann-consult.de/beam
http://www.brockmann-consult.de/beam


History of BEAM 

• Started 2002 
• Originally designed for displaying, analysing and processing MERIS and 

AATSR products 
– special focus on validation applications 

• No replacement of standard remote sensing software  
– e.g. ENVI or Erdas Imagine 

• User driven evolution 
– Experimental processors 

• Some processors operationally in use 
• Incl. land products processors 

– Growing set of functions for image analysis  
• clustering, spectral unmixing, time series analysis, change detection 

– Growing support of products and formats  
• e.g. high resolution sensors like ALOS-AVNIR, CHRIS PROBA, VIIRS, Landsat-5 
• geoTIFF 

– Re-design of image handling for supporting large images 
• Image tiling, pyramids 

• Current version: 4.11 (March 2013) 



Supported data products and formats 

+ generic image formats: GeoTIFF, netCDF, HDF-EOS 

+ all ESA DUE Globproducts (e.g. Globcolour, CoastColour) 

+ SMOS 



Toolbox 

• VISAT 
– Interactive data visualisation and analysis tool 

– Scripting console (Python, Java Script) 

• GPT 
– Batch-mode processing of all scientific data processors 

• C-API 
– C-library for easy access to N1 format 

• Java-API 
– Full access to all BEAM classes 

– Graph Processing Framework (GPF) 

–  use BEAM 

–  expand BEAM 



VISAT overview 

Products 

View 

Image View Navigation 

World map 



Installation & update 

http://www.brockmann-consult.de/csm/web/beam/releases 



Installation & update 

• Download of BEAM Installation file 
– http://www.brockmann-consult.de/cms/web/beam/software 

 

• Directories 
– Directories installed during installation 

• <Beamhome> 

• <Beamhome>\modules 

• <Userhome>\.beam  

– Preferences 
• <Userhome  

 

• Module Manager 
– BEAM is build in modules which can be added and updated individually 

– Installation of new processors 

– VISAT Help  Module Manager 

http://www.brockmann-consult.de/beam/download.html
http://www.brockmann-consult.de/beam/download.html
http://www.brockmann-consult.de/beam/download.html


Module Manager 

Update your BEAM version with new, additional and bug fixed modules 



BEAM community 



Take-home message 

 

• BEAM is an open source toolbox for visualisation, analysis and 
processing of EO data 

 

• The main tools of the toolbox are VISAT, data processors, 
batch-mode processing and the BEAM community  



End of Unit 
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BEAM-VISAT basic functions 

• Contents 
– Basic Imaging 

– Basic Analyses 

 

• VISAT basics 1 
– Exercise 1: Display functions and product flags 

– Exercise 2: Colour manipulation 

– Exercise 3: Pixel information view 

– Exercise 4: Spectrum view 

 

 



Exercise 1: Open and display bands 

• What to do: 

– Open products 

• Open MERIS Level 1 Product 

• Open MERIS Level 2 Product 

 

– Open single bands and band combinations 

• Display Greyscale image of bands 8 and 13 of the MERIS Level 1 product 

• Display Level 1 RGB image false colour 

• Display TSM band of MERIS Level 2 product 

 

– Linking the display windows and navigate in the different windows 

• Panning and zooming 

 

• Products: 

– L1_of_MER_FSG_1PNBCG20100328_024122_000003152088_00075_42213_0001.dim 

– L2_of_MER_FSG_1PNBCG20100328_024122_000003152088_00075_42213_0001.dim 



RGB image fundamentals 

• Combination of three bands 

 

• Right mouse click on product name  

  open RGB Image View 

 

• Choose band combination (several pre-defined combinations are available) 



L1 RGB image fundamentals 



Exercise 1: solution 

• Open a product  

– File  Open Product 

• Open single bands 

– Double click on the respective band 

• Open RGB image  

– Right mouse click on products‘ name  Open RGB Image; 
or View  Open RGB Image  

• Navigation 

– Open navigation window 

– Mouse scroll; slider;  

– Tile windows: Window  Tile Evenly 

– Link windows 



Exercise 2: Colour manipulation 

• What to do: 

– Adjust colours in greyscale images 

– Assign colours to conc_tsm (iop_b_tsm_443) greyscale band 

 



Adjust colours 

• Colour-coding to greyscale images 

• Optimization of colours (adjust contrast stretch) 

  Colour Manipulation Dialog 

 





Assign colours 





Exercise 2:  Solution 

Colour Manipulation 

• Open colour manipulation window 

• Contrast stretch 

– Change position of slider  apply 

– Or: Click on number and type directly your pixel value  
for the respective colour  apply 

• Assign colours 

– Click on triangle and choose colour 
Or choose editor: table;  
or Import pre-defined  
colour scheme 

– Discrete colour classes are possible  
(check discrete colours) 

– Add colour slider with  
right mouse click 



Exercise 3: Pixel information view  

• What to do: 

– Display information of spectra of different surface types: 

• Water 

• Clouds 

• Land 

– Export information in pins to a text file for all spectral bands 

 

 

• Products: 

– Data_Unit1/L1_of_MER_FSG_1PNBCG20100328_024122_000003152088_000
75_42213_0001.dim 

– Pre-defined Pin file (if desired): /Data_Unit1/export_pins_20100328.txt 

 

 



Use pin placing tool 



Manage pins: assign names 



Double click to name pins 

Add band information 



How to modify pins 

 

• To be able to differentiate between pins, and use this 
information in the spectrum view, use: layer manager 

 

• With the pin manager open, select each pixel and 
modify color using the layer manager-layer editor 
tool 

 

17 



18 



Export data pin in text file 



Export to Excel by copying 



Exercise 3:  Solution 

• Open MERIS Level 1 product 

• Open false colour RGB 
 

• Open Pin Manager 

• Use pin tool to place different pins to several surface/water types  
or load pre-defined pin file 

• Edit pins, change colours, specify labels 

• Choose the bands to be displayed in the Pin Manager 

• Export to .txt file 

• Or copy the values of all (selected) pins and import into Excel 
• Right Mouse button and Copy to Clipboard 

• Insert clipboard into Excel 



Exercise 4: Spectrum view 

• What to do: 
– Display reflectance spectra of different surface types using the 

spectrum view: 

• Water 

• Clouds 

• Land 

– Export plots 

 

• Products: 
– Data_Unit1/L1_of_MER_FSG_1PNBCG20100328_024122_0000031520

88_00075_42213_0001.dim 

– Pre-defined Pin file (if desired): 
/Data_Unit1/export_pins_20100328.txt 

 



Spectrum view  



Visualize spectra of pins 

Urban 

Fields 

Water 

Forest 

Dark water 



Exercise 4:  Solution 

• Activate button in Spectrum View for displaying all spectra of 
pins 

 

• Open Spectrum View 

 

• Move mouse over displayed image 
• Hold SHIFT pressed for adjusting y-axes 



Take-home message 

 

 

• VISAT is the interactive analysis tool of BEAM 

 

• Image visualisation, colour coding and pixel value 
inspection are key to understanding EO products 



End of Unit 
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Composition of sea water 

Temperature: the average ocean temperature is 3.5 degrees C (whole water column) 
Salinity:  the total concentration of dissolved inorganic solids in water. The average 
salinity of the ocean is about 34.7 %o 



Salinity-temperature-density diagram 

• Density increases with lower temperature and higher salinity  
• 75% of the ocean water (whole water body) has properties  

within the range 0-6 degrees C and 34.6-34.8 %0  



SMOS salinity global map 



Exercise 1 

• Open SMOS L2 ocean salinity product in BEAM: the products comprise 
two separate files sharing the file name, being differentiated only by their 
extension. Open the HDR file: 
• an ASCII XML header file (.HDR) 
• a binary data block file (.DBL) 

 
• Display Level 2 product 

• Visualise bands SS1, SS2, SST 
• Analyse the different SSS and their uncertainties (sigma_SSSi) 
• Make a scatter plot SSS1 versus SST 
• Mark regions in the scatter plot and inspect in image view. Estimate 

the density 
 

• Data: 

– SM_OPER_MIR_OSUDP2_20130101T033648_20130101T0
43001_550_001_1.HDR 

 



Opening a SMOS salinity L2 image 



Open L2 product 



Scatter plot SSS1 vs. SST 



Scatter plot SSS1 vs. SST 



Scatter plot SSS1 vs. SST 



Exercise 1: Solution 

• Open SMOS L2 ocean salinity product in BEAM: drag from directory 
the scene or open data product/SMOS data products:  
 

– SMOSdata/MIR_OSUDP2/SM_OPER_MIR_OSUDP2_20130101T033648_2013010
1T043001_550_001_1.HDR 

 
• Display Level 2 product: double click on band of interest 

 
• Make a scatter plot SSS1 versus SST  

– Adjust min/max values in the scatter plot 
 

• Mark the a temperature / salinity range in the scatter plot (e.g. 
warm, saline water). It is highlighted in the image. 
– Use grey scale for SSS1 image 
– Use the T-S diagram shown before to estimate the density 

 



Marked area shown in SSS1 



Exercise 2 

• Display Level 1c product and compare:  

– Visualize BTx and Bty and compare products 

• Explore SMOS Box, which contains tools and commands: 

– Grid point data table  

– Grid point flag matrix diagram  

– Grid point brightness temperature chart  

– Snapshot information tool  

– Grid point export command 

– NetCDF conversion command 

• Data: 
MIR_SCSF1C/SM_OPER_MIR_SCSF1C_20130101T210727_2013010
1T220047_505_001_1 

 

 
 

Tools.html#gridPointTable
Tools.html#gridPointFlagMatrix
Tools.html#gridPointChart
Tools.html#gridPointChart
Tools.html#snapshotInformationTool
GridPointExport.html
NetCDFExport.html
NetCDFExport.html
NetCDFExport.html
NetCDFExport.html


Opening a SMOS L1c image and table 



Opening a SMOS L1c image 



Explanation 

• When a SMOS product is opened in VISAT, the list of available band data is 
displayed in the Products View. Double-clicking onto a band name opens a window 
displaying the band data as an image. Due to the BEAM data model used internally 
to represent all EO data products, it is required to resample SMOS L1C and L2 
gridded data to rectangular raster data. The images created from SMOS products 
in BEAM thus use the Geographic WGS-84 coordinate reference system. 

 

• The geo-coding of all SMOS data products is provided by the same WGS-84 
geographic coordinate reference system. The mapping between image pixels and 
SMOS grid points is established by a lookup table being a raster dataset of 16384 
by 8192 image pixels, yielding about 30 image pixels for an equatorial grid cell of 
the ISEA4H-R9 grid. 

 

• For SMOS L1c Science products the image displayed by default when double-
clicking on a band is computed on-the-fly. Actually, the image is computed from 
the snapshot data in the same manner as a Browse product is computed from the 
corresponding Science product. 



Opening a SMOS L1c table  



Explanation 

• The grid point data table tool can be invoked by clicking on the       Icon in the 
SMOS-Box toolbar. The table shows all measurements made for the currently 
selected grid point, with a single measurement record per row. By default the 
selected grid point is defined by the position of the mouse pointer. By activating 
the Snap to selected pin option the selected grid point may also be defined by the 
position of a currently selected pin.  

 

• The measurements displayed in the table columns can be explicitly choosen by 
clicking on the Columns... button, which pops up a dialog for selecting or 
deselecting individual measurements. The whole table can be exported to 
character-separated text, either stored in a file or the clipboard.  



Flag matrix 



Explanantion 

• The grid point flag matrix tool can be invoked by clicking on the        icon in the 
SMOS-Box toolbar. The flag matrix shows all flags associated with measurement 
records acquired for the currently selected grid point, with a single measurement 
record per column and a single flag per row. A raised flag is indicated by a coloured 
entry in the flag matrix. By default the selected grid point is defined by the 
position of the mouse pointer. By activating the Snap to selected pin option the 
selected grid point may also be defined by the position of a currently selected pin.  

 



Flag snapshot  



Explanation 

• The snapshot information tool can be invoked by clicking on the icon in the SMOS-Box toolbar. The tool can be used for 
browsing the 'Swath Snapshot List' contained in the SMOS L1c Science products. The components of this tool are described 
below.  

• Spinner component  

– For selecting an individual snapshot the tool provides a spinner which allows to manually specify a certain snapshot ID and to navigate 
forward and backward in the list of snapshot IDs.  

• Slider component  

– The slider provides an explicit mechanism for fast navigation through the list of snapshot IDs.  

• Combobox component  

– The combobox provides a facility for selecting a certain polarisation mode (any, X, Y, XY). When a certain mode is selected, only IDs of 
snapshots acquired at the selected mode are navigable (i.e. IDs of snapshots acquired at a different mode do not appear in the list of 
snapshot IDs) by the spinner and slider components.  

• Radio buttons  

• There are two radio buttons for selection the data source for the active image view. Selecting the 'Snapshot' radio button 
implies that, firstly, the active image view displays the data of the selected snapshot instead of the browse, and, secondly, 
the selected snapshot becomes the data source for all bands in the selected product, unless the proper polarisation mode is 
not available for the selected snapshot. In the latter case, the nearest snapshot acquired in the proper polarisation mode 
becomes the data source.  

• Selecting the 'Browse' radio button implies that, firstly, the active image view shows the raster data of the browse instead of 
the selected snapshot, and, secondly, the data source for all bands in the selected product is reset to the browse.  

• Follow checkbox  

– When checked the viewport of the active image view automatically moves to and zooms into the region covered by the selected 
snapshot.  

• Locate button  

– When pressed the viewport of the active image view moves to and zooms into the region covered by the selected snapshot.  

 



Brightness temperature chart  



Explanation 

• The grid point brightness temperature chart tool can be invoked by clicking on the          
icon in the SMOS-Box toolbar. The brightness temperature chart shows a diagram 
of the brightness temperatures measured for the currently selected grid point. A 
single series of brightness temperatures versus incidence angle is shown for each 
polarisation mode. By default the selected grid point is defined by the position of 
the mouse pointer. By activating the Snap to selected pin option the selected grid 
point may also be defined by the position of a currently selected pin.  

 

• For the brightness temperature measurements made in the X and Y copolarisation 
modes the uncertainties are shown as error bars. The display of individual 
polarisation modes can be switched on and off by activating or deactivating the 
corresponding checkboxes.  



Take-home message 

• The SMOS-Box plug-in of BEAM allows opening and analysing 
SMOS L1 and L2 products 

 

• Salinity and temperature and the most important ocean state 
variables, determining the density and hence the currents. In 
BEAM SMOS L2 salinity products can be analysed together 
with sea surface temperature or chlorophyll. 

 

• L1c products are the electromagnetic measurements of 
SMOS. The SMOS Box provide specialists tool to analyse them. 



End of Unit 
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