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Sensing Capabill
& Enabling Tec

S ulceell Exponentially
of Enabling | .
o neredsing
Technologies Sensi
ensing
Capability:

¢

* Moore's Law (2x/1.5 yrs)
* RAM, bandwidth

+* CCDs microbolometers
= All technologies . . . /‘

Time

Source: Utilization of Operational Environmental Satellite Data,
Committee on Environmental Satellite Data Utilization, National Research Council
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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 ces®
GRASS GIS xa PO e\
- b poro
Space Agencies provided tools for EO missions (list non exhaustive):
— BEAM/NEST/BEAT/BRAT, o ot
— SeaDAS, Giovanni ... c\W LV
e e nS A

SY°" on® SG“SO( = ! et~
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Copernicus =
Data I/ (opc.arnic.:us_

Access for
Copernicus Services

= SNAP | Sentinels Application Platform

sentinel : _ 3 ' |
@ St M Data Visuatlisation, =
Ac‘cessforInternational AnalyS|S’ ProceSS|ng
Other Access Ag_reeents :
| esa :
EOW

sl

MERMAID
: e = European Space Agency

Welcome to MERMAID, the MEris MAtchup In-situ Database

In-situ Data
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ESA's SNA

Lesa
eo —  Scripting

sclentifNic axploitation _ . .
of aperatioral nissiens Graphical model builder

— Libraries [/ APls

BrockManN
ConsuLT
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SNAP with Se
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Working in geophysical units
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Toolbox
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Toolbox
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Toolbox
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Toolbox
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SNAP Archite

3 About SNAP X

SNAP SITBX S2TBX S3TBX SMOS-Box |

Developed under contract to CSA by
Array Systems Computing Inc
with the CFS, CCMEO, GSC, AAFC

Radarsat-2 Toolbox (RSTB) version 7.2.4 Release Notes
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Main Subsyst

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
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Sentinel 2 Specifi

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



L2A Process

DEM GIPP

Level 1C User Product
JPEG 2000 + Metadata
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http://step.esa.int/thirdparties/sen2cor/2.2.1/S2PAD-VEGA-SUM-0001-2.2.pdf B
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Time interval

———

L1C product at date t n L1C product at date t o

—
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Abstract: In the framework of the European Copernicus programme, the European Space Agency
(ESA) has launched the Sentinel-2 (52) Earth Observation (EO) mission which provides optical high
spatial -resolution imagery over land and coastal areas. As part of this mission, a tool (named 52-
RUT, from Sentinel-? Radiometric Uncertainty Tool) estimates the radiometric uncertainties I

Javier Gorrofio ; 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)

8 sentinel-2 Radiometric Uncertai.. X

File Help

IfO Parameters | Processing Parameters;

Coverage factor: 1.0
Bl ~
B2
B3
8 S2RutOp Parameters X
<parameters>

<coverage_factor = 1.0« fcoverage_factor >
<Instrument_noise >true </Instrument_noise>
<00F_straylight-systematic =true </0C0F _straylight-systematic=
<Q0F _straylight-random »true < /O0F _straylight-random =
<Crosstalk =true < /Crosstalk =
<ADC_quantisation>true < /ADC_guantisation =
<DS_stahility >true </DS_stahility>
<Gamma_knowledge > true < /Gamma_knowledge =
<Diffuser-absolute _knowledge >true </Diffuser-absolute_knowledae =
<Diffuser-temporal_knowledge >true </Diffuser-temporal_knowledge >
<Diffuser-cosine_effect»true </Diffuser-cosine_effects
<Diffuser-straylight_residual =true < [Diffuser-straylight_residual =
<L 1C_image_quantisation>true</L1C_image_guantisation=

< [parameters=

+*'| L1C image quantisation

o [l
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Radiometric Uncertal
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http://step.esa.int/main/doc/tutorials/sentinel-2-toolbox-tutorials/

Sentinel-2 Toolbox Tutorials

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

Overall presentation of the Sentinel-2 Toolbox project and applicati

Video Tutorials

Exploring a Sentinel-2 Product with SNAP

This tutorial will guide you through the firs
application, by opening a Sentinel-2 produ
qthe product (product tree, metadata, vec

apply an RGB profile to the product, use ¢
RGB view.

Sen2Cor installation on Windows 10

This tutorial follows the installation steps f
version 2.0.6 on WINDOWS platform. The
gt also shows how to integrate SEN2COR
SEN2COR process on a Sentinel-2 produc

it ey baatian Mazliem 1

Sen2Cor installation on Cent0S 7

This tutorial follows the installation steps f
version 2.0.6 on LINUX platform. The stej
B[t also shows how to integrate SEN2COR
SEN2COR process on a Sentinel-2 produc

all categories » Latest Top

Category Topics

s1tbx 650
The S1 Toolbox category regroups all threads about the
Sentinel-1 Toolbox, as SAR readers or processors.

M Problem Reports M Interferometry M Polarimetry

s2thx 248
The S2 Toolbox category regroups all threads about the
Sentinel-2 Toolbox as Sentinel-2 product readers and

product manipulation, Sentinel-2 processors as L2A
processor for atmospheric correction, L3 processor for temporal
synthesis, etc.

M sen2cor M senlthree

s3thx 30

The 53 Toolbox category regroups all threads about the
Sentinel-3 Toolbox as readers and processors for
Sentinel-3 OLCI & SLSTRL1 & L2.

This category contains all topic about the Sentinel
Toolbox Application (SNAP) not related to a specific
Sentinel Toolbox.

E e -

Latest

IL Welcome to the Sentinel Toc
Forum
M snap

I Read this before posting
H sitbx

Export spectra from spectrum
W s2tbx

N

o ® ®

" “high coherence " " and " " lo
H sltbx

=

SNAPHU Unwrapping
B interferometry

N

X

Topography and displacement
M slibx

»

Mistakes in Sentinel 1 Toolbox
B s1tbx

How to uninstall sen2cor2.2.1 1
W s2tbx

® O
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SNAP Engine APl

Sentinel-1 Toolbox Sentinel-2 Toolbox
(S1TBX) (S2TBX)

SNAP Desktop

NetBeans RCP GeoTools

Sentinel-3 Toolbox
(S3TBX)

SNAP Engine

Application Programming Interface
Command Line Interface

JAI NetCDF

Java SE 8 Platform

Python

BrockManN
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Graph Processing F

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

453712463378906, 12.50041675567627 42.91493225097656)) | Update | ~

, 12.5004167! 7 42.914
Save H ' Clear H @ hhhhh H @>Help H {?}Process ‘
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import numpy as np
from snappv import

from snappvy import

Product
ProductData

Majority of SNAP ,functions® are implemented as operators
Implementing own operatots using the python or Java API

from
from
from
from

def main{args=sys.argv[l:]):

FroductIQ
ProductUtils
FlagCoding
ipy

snappy import
snappy import
snappy import
snappy import

print ("Reading...")
inProduct = ProductlIl.readProducy
Width = inProduct.getSceneRaster®
height = inProduct.getSceneRasten
inProduct.getlame ()
dezscription = inProduct.getDescri
band names = inProduct.getBandNan

name =

print ("Input Product:2=s, 23" % (0
print ("Raster size: &d x 3d pixe

print("Start time: " 4+ atr({inPn
print ("End time: " 4+ gtr{inPn
print ("Bands: 3" % (list|

arwProduct = Product ('ARW', 'RARW'

Writer =

Overview (SMAP Engine API)

X+

i step.esa.int/docs/v4.0/apidoc/engine/

E} Meistbesucht ¢ Commerzbank - BC Wiki ¥l Google Kalender - BCS m NDR Info

All Classes

Packages

com.bc.ceres.binding
com.bc.ceres.binding.accessors
com.be.ceres.binding.converters
com.be.ceres.binding.dom

com b ceres binding validators
com be.ceres binio

com be.ceres binio. bink
Com.bc.ceres.binio.exor

All Classes

AbstractBand
AbstraciElevationModelDescriptor
AbstractExpression
AbstractFigureDomConverter
AbstractGeoCoding
AbstractLayerListener
AbstractMultiLevelSource
AbstractPlacemarkDescriptor
AbstractProductBuilder
AbstractProductReader
AbstractProductiriter
AbstractPropertyMap
AbstraciTermTransformer
AbstractTransform2D
AdjustabieView
AdjustableViewScrollPane
AffineTransform2D
AffineTransformConverter
AgagregationType

Agagregator
AggregatorFactory

AndFilter

AngularDirection
AnnotationOperatorDescriptor

>

v

ProductIf.getProductWrel t.é‘.l.'rmr-l—
arwProduct. setProductWriter (writer)

¢ Q Suchen wBe 9 % & ©- 20~

Webmail L Google Drive U WebEx | Uncertainties | | Weather | | Nitzliches | ) EOQ Data |" Remote Sensing | Free ...

INDEX HELP

PREV NEXT

SNAP Engine API

Package

org.esa.snap.core.dataio
org.esa.snap.core.datamodel

org.esa.snap.core.gpf

org.esa.snap.core.gpf.

FRAMES NOFRAMES

Description
Contains the SNAP product I/O framework.
Contains SNAP's central classes and interfaces used for an in-memory presentation of remote sensing data products.

SNAP's Graph Processing Framework GPF used for developing and executing raster data operators and graphs of such
operators.

org.esa.snap.core.gpf.pointop

Package

org.esa.snap.core.image
org.esa.snap.core.jexp
org.esa.snap.core.layer

org.esa.snap.core.util

Provides annotations for GPF Operator implementations.

Provides special support for raster data operations that transforms each source pixel into a eorresponding target pixel at
the same position.

Description

Provides frequently used JAI opImage impl tions and the Imag utility class.

The JEXP API (JEXP = Java Expression Parser).
Provides frequently used LayerType implementations.

Provides several utility classes used throughout SNAP.

BROCKMANN
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Production Exe

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

ConsuLT



Full Africa coverage P

using SNAP Calvalu

, temp. cloud f.

Idepix + 10-day Seasonal

+AC mosaicing. Compositing
Step # Inputs Processing | Core hours | Concurrency | Production

time time
per data month per input per data month (90 nodes) per data month
SDR processing 18000 1.3 23400 225 104
Temp. cloud filter 90000 0.033 2970 225 13
SR mosaicing 18000 0.33 5940 225 27
Seasonal
compositing 1800 450
144 (6 days)

seasonal
ompositeg

Output size

per data month

10 TB

4.5TB

1.5 TB per
composite

B
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SNAP and the

SNAP Engine (and Desktop) is truly platform
Independent and can be used in various
environments

Distributed Computing using Virtual Machines
mplementation of Web Processing Services

ntegrates perfectly with (0
Apache Yarn/Hadoop, e.g. the f'l‘i‘%t='"="l3

Calvalus processing system
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pplicatio

| | | ] | 11l 1V

Interactive bulk / NRT EO data Cloud Exploitation
Exploration processing processing centre Platform

-+ + 5 ceed

EEE

)
SNAP SNAP
' gpt:_ gpt:_

R

SNAP Graph SNAP Graph
SNAP Desktop Processing Processing
Framework Framework

e

s 1L

PC, notebook, tablet PC, notebook cluster, cloud

server PC, notebook, tablet o ﬂ
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step.esa.int SIEP

science toolbox exploitation platform

TOOLBOXES DOWNLOAD GALLERY DOCUMENTATION COMMUNITY

Science Toolbox
Exploitation Platform

' SNAP
' Sentinel 1 Toolbox
* Sentinel 2 Toolbox

+ Sentinel 3 Toolbox

EO Science collaborative o
platform

Technical forum and
community animation

Gathering user feedback
and usage

SNAP tutorials and
documentation

SNAP software download

Home > Scientific Toolbox Exploitation Platform

,C;Q\(g ‘\\§}$ =1

multimission scientific toolboxes

ESA is developing free open source toolboxes for the scientific exploitation of Earth
Observation missions under the the Scientific Exploitation of Operational Missions
(SEOM) programme element. STEP is the ESA community platform for accessing the
software and its documentation, communicating with the developers, dialoguing within the
science community, promoting results and achievements as well as providing tutorials and
material for training scientists using the Toolboxes.

The ESA toolboxes support the scientific exploitation for the ERS-ENVISAT missions, the
Sentinels 1/2/3 missions and a range of National and Third Party missions. The three
toolboxes are called respectively Sentinel 1, 2 and 3 Toolboxes and share a common
architecture called SNAP. They contain some functionalities of historical toolboxes such as
BEAM, NEST and Orfeo Toolbox that were developed over the last years.

4 Bl [

SNAP Features Download Tutorials Community
@
Documentation Developers Gallery Blog

The following results have been obtained thanks to the Sentinel Toolboxes :

4 EO SCIENCE 2.0

6th ESA Advanced Training Course
on Land Remote Sensing

B+ th ESA ADVANCED TRAINING
ON OCEAN REMOTE SENSING

7-11 September 2015 | IFREMER | Brest, France

2 & T e S

4th ESA Advanced Training Course
on Ocean Remote Sensing



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



