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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

• Early days
– Data volumes: order of MBytes (Landsat 160MB)

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

– Tools: own programmed code, FORTRAN, C

• Commercial support tools (list non exhaustive)
– PVWave, IDL, matlab

– ERDAS Imagine, ER Mapper, ENVI

– ARC Info

– all still successful on the market!

• Open source (list non exhaustive): 
– Image magic / GraphicsMagick

– GRASS GIS

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

– SeaDAS, Giovanni …

• Education Tools



Copernicus

Data

Data Access

In-situ Data

Data Visuatlisation,

Analysis, Processing



ESA‘s 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 …

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

• SNAP Desktop
– Modern, intuitive and rich user interface

– Fast display of giga-pixel images

– Large portfolio of analysis and visualisation functions

– Operator interfaces and graph builder for processing

• SNAP Engine
– SNAP core code base

– EO data model, I/O & operator APIs

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

– Common, generic I/O formats: NetCDF, HDF, GeoTIFF, Shapefiles, …

– Common, generic functions: reprojection, subset, geo-coding, 
collocation, band maths, image filters, masking tools, …

– Command-line interface, no GUI

– Various uses: library, service implementation



SNAP Desktop



Sentinel 2 Specific Tools

• S2 Radiometric Uncertainty Tool
– radiometric uncertainty propagation for optical level-1 radiance 

data

• sen2cor
– performs atmospheric correction on Sentinel 2 L1C products, 

thereby creating L2A products 

• sen2three
– Sen2Three 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)

• Radiometric indices
– radiometric Indices calculus. 



sen2cor

• Processor for S2 L2A product generation and formatting

• Comprises atmospheric-, terrain and cirrus correction

• Creates bottom of atmosphere corrected reflectance images

in all S2 bands

– Additional aerosol optical thickness, water vapour, scene

classification maps, and quality indicators for cloud and snow

probabilities

• Product format equivalent to L1C, all bands in their native 

spatial resolution

• Written in python



sen2cor



Example

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



sen2three

• Spatio-Temporal Synthesis 

• Input is bottom of atmosphere S2-LA

• Output is a synthetic image 

• Algorithm
– replacing step by step all invalid pixels 

– valid pixels defined as primarily clear sky images

– options 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



User Support

http://step.esa.int/main/doc/tutorials/sentinel-2-toolbox-tutorials/

http://forum.step.esa.int/



SNAP Engine API & CLI

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 …

Application Programming Interface

Command Line Interface



Graph Processing Framework

• Majority of SNAP „functions“ are implemented as operators

• Each operator can be invoked
from SNAP Desktop and from
the command line

• Processing chains („graphs“)
are configured in XML files

• Graphical Graph Builder

• Graph Processing Tool (gpt) for
executing of graphs (chains)
>gpt -help



Adding own Operators

• Majority of SNAP „functions“ are implemented as operators

• Implementing own operatots using the python or Java API



Production Example

• ESA Land Cover CCI 

Project

• New operators for

Preprocessing & AC

• Sentinel2, 1 year

Africa time series

– Pixel identification

(clouds, land, water, 

snow, …)

– Atmospheric

correction

– BRDF correction

– Compositing

• Deployed on Calvalus 

(Hadoop) for massive 

parallel processing

Morokko 350-days composite



Full Africa coverage Production

using SNAP Calvalus Cluster @ BC

S2 MSI

L1C

Idepix

+ AC  
SDR

temp. cloud f.

+ 10-day

mosaicing.

10-day

“SR”
seasonal

composites

Seasonal

Compositing

Step # Inputs Processing 
time

Core hours Concurrency Production
time

Output size

per data month per input per data month (90 nodes) per data month per data month

SDR processing 18000 1.3 23400 225 104 10 TB

Temp. cloud filter 90000 0.033 2970 225 13

SR mosaicing 18000 0.33 5940 225 27 4.5 TB

Seasonal 
compositing 1800 450

1.5 TB per 
composite

144 (6 days)





SNAP and the Cloud

• SNAP Engine (and Desktop) is truly platform 

independent and can be used in various 

environments

• Distributed Computing using Virtual Machines

• Implementation of Web Processing Services

• Integrates perfectly with 

Apache Yarn/Hadoop, e.g. the 

Calvalus processing system



SNAP Application Modes

rapid development operational processing



• step.esa.int 

• Science Toolbox 
Exploitation Platform

• EO Science collaborative 
platform

• Technical forum and 
community animation

• Gathering user feedback 
and usage

• SNAP tutorials and 
documentation

• SNAP software download

User Support - STEP



Training



Summary

• SNAP is ESA‘s toolbox supporting scientific and operational work with

Sentinel 1-2-3 data

– Open source

– Collaborative community approach

• SNAP comprises

– Generic tools for data selection & access, visualisation, analysis and

processing

– Instrument specific tools, such as uncertainties and atmospheric correction

for S2

– Programming tools

• SNAP Desktop supports interactive workflows

• SNAP Engine enables operational activities and cloud processing

• SNAP will be long term sustained by ESA

step.esa.int


