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# with launch before 15 54 133 245 458

# with EOL before 51 112 173 326

Source: CEOS Database



Sensing Capabilites 

& Enabling Technologies

Source: Utilization of Operational Environmental Satellite Data, 
Committee on Environmental Satellite Data Utilization, National Research Council



History

Å Early days
ï Data volumes: order of MBytes (Landsat 160MB)

ï Hardware:  mainframe, UNIX workstation, image processing work station

ï Tools: own programmed code, FORTRAN, C

Å Commercial support tools (list non exhaustive)
ï PVWave, IDL, matlab

ï ERDAS Imagine, ER Mapper, ENVI

ï ARC Info

ï all still successful on the market!

Å Open source (list non exhaustive): 
ï Image magic / GraphicsMagick

ï GRASS GIS

Å Space Agencies provided tools for EO missions (list non exhaustive): 
ï BEAM/NEST/BEAT/BRAT, 

ï SeaDAS, Giovanni é

Å Education Tools



Copernicus

Data

Data Access
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ESAós SNAP



SNAP with Sentinel 2



SNAP with Sentinel 2

Working in native resolution



SNAP with Sentinel 2

Masks

(decoding binary flag information)



SNAP with Sentinel 2

Working in geophysical units

(decoding and applying scaling factors)



Sentinel 2 in SNAP

Meta Data



SNAP with Sentinel 2

Combining information

- From single image

- Across multiple images

- From external sources
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SNAP Architecture

SNAP Engine

Java SE 8 Platform

NetBeans RCP

SNAP Desktop

Sentinel-3 Toolbox 
(S3TBX)

Sentinel-2 Toolbox 
(S2TBX)

Sentinel-1 Toolbox 
(S1TBX)

Python

GeoTools JAI NetCDF é

Any combination of 

toolboxes add-ons is 

allowed, even none, 

as SNAP Desktop is a 

already a useful 

stand-alone 

application for  EO 

data exploitation.

Programming language

layer

3rd-party library layer

SNAP layer



Main Subsystems

ÅSNAP Desktop
ïModern, intuitive and rich user interface

ïFast display of giga-pixel images

ïLarge portfolio of analysis and visualisation functions

ïOperator interfaces and graph builder for processing

ÅSNAP Engine
ïSNAP core code base

ïEO data model, I/O & operator APIs

ïPython API allowing to use also numpy, scipy, pandas, etc with SNAP

ïCommon, generic I/O formats: NetCDF, HDF, GeoTIFF, Shapefiles, é

ïCommon, generic functions: reprojection, subset, geo-coding, 
collocation, band maths, image filters, masking tools, é

ïCommand-line interface, no GUI

ïVarious uses: library, service implementation



SNAP Desktop



Sentinel 2 Specific Tools

ÅS2 Radiometric Uncertainty Tool
ïradiometric uncertainty propagation for optical level-1 radiance 

data

Åsen2cor
ïperforms atmospheric correction on Sentinel 2 L1C products, 

thereby creating L2A products 

Åsen2three
ïSen2Three is a level 3 processor for the spatio temporal 

synthesis of bottom atmospheric corrected level 2A (or 
alternatively) uncorrected top of atmosphere level 1C images, 
retrieved by the Sentinel 2 Multi Spectral Instrument (MSI)

ÅRadiometric indices
ïradiometric Indices calculus. 



sen2cor

ÅProcessor for S2 L2A product generation and formatting

ÅComprises atmospheric-, terrain and cirrus correction

ÅCreates bottom of atmosphere corrected reflectance images

in all S2 bands

ïAdditional aerosol optical thickness, water vapour, scene

classification maps, and quality indicators for cloud and snow

probabilities

ÅProduct format equivalent to L1C, all bands in their native 

spatial resolution

ÅWritten in python



sen2cor



Example

http://step.esa.int/thirdparties/sen2cor/2.2.1/S2PAD-VEGA-SUM-0001-2.2.pdf



sen2three

ÅSpatio-Temporal Synthesis 

ÅInput is bottom of atmosphere S2-LA

ÅOutput is a synthetic image 

ÅAlgorithm
ïreplacing step by step all invalid pixels 

ïvalid pixels defined as primarily clear sky images

ïoptions for algorithm logic: most recent, temporal 
homogeneity, radiometric qualit average



Example



Radiometric Uncertainty

Javier Gorroño ; Ferran Gascon ; Nigel P. Fox; Radiometric 

uncertainty per pixel for the Sentinel-2 L1C products. Proc. SPIE 

9639, Sensors, Systems, and Next-Generation Satellites XIX, 

96391G (October 12, 2015)



Radiometric Uncertainty Example


