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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

SourceUtilization of Operational Environmental Satellite Data,
Committee on Environmental Satellite Data Utilization, National Research Council
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History

Early days
i Data volumes: order of MBytes (Landsat 160MB)
I Hardware: mainframe, UNIX workstation, image processing work station
i Tools: own programmed code, FORTRAN, C

Commercial support tools (list non exhaustive)
i PVWave, IDL, matlab
I ERDAS Imagine, ER Mapper, ENVI
i ARC Info
i all still successful on the market!

Open source (list non exhaustive):

i Image magic / GraphicsMagick ces®
i GRASS GIS xa PO e\
| Ve -
Space Agencies provided tools for EO missions (list non exhaustive):
i  BEAM/NEST/BEAT/BRAT, K
i SeaDAS Gi ovanni cf\C (W et
’ xe 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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Lesa
(1®) —  Scripting

sclentifNic axploitation _ . .
of aperatioral nissiens Graphical model builder

— Libraries [/ APls
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SNAP with Se
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File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Ctri+
T B GCP am oo-a 0 GCP 3 FirEe,
& %LA% : f ;’C%%@Q/‘-p +\+DL—.4‘.("{>QE‘§:@ =1 N
Product Explorer x| Pixel Info = 1] Sentinel 2 MSI Natural ColorsRGB  x @@ {

#-&d [1] S2A_OPER_MTD_SAFL1C_PDMC_20160330T050601_R
-6 [2] S2A_USER_MTD_SAFL2A_PDMC_20160330T050601_R

Aleiqr] npo.d ‘(};\
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=
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=
=
2
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=
< > g
@
Navigat... @ Colour ... Uncerta... World ... x = e
France y |
Milanc
> T Monaco
Mar_s_éille
Barcelona
100 Km

ff Gl :

Off Globe )

Xi =¥ — lat -—lon - Zoom - Level —
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SNAP with Se
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File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

&

7N e

Product Explorer x Pixel Info
--&d [1] S2A_OPER_MTD_S PD

#- (30 Metadata
- (E3 Vector Data

=123 Bands

i

¥

B eesm | Reflectance in I:lanl:l EE, 490, D nm, +e-E-5 0 nm, 'IDQE-D:-: 'IDE'E-D |:-:EI5.

<

Navigat...
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B

=

OTOS5060 A

Working |n

3 sun

h@e AN YRE9eR: \MEHDO

[1] Sentinel 2 MSI Natural ColorsRGB  x

A A SN I, P S P

native resolution f.- o %

P IJL 5 ‘-\}' X

B B2 (430 nm)

B 83 (560 nm)

B 85(705nm)

B 86 (740 nm)
B 87(783nm)
B 83 (842rnm)
[ B8A (865nm)
Bl B9 (945 nm)

Colour ...

France

Off Globe

Uncerta...

Monaco

World ... x

100 Km

il Fleflectance in I:Jar'ld B1, :'-143 D r1r'r'| +/- 29 D nm, 133[3:-: 133[3 |:-:

Jabeuepy 1ade LLI] Aleaqr] pnpo.d (}J
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B S24_USER_MTD_SAFL2A_PDMC_20160330T050601_R108_V20160326T103406_20160326T103406 - [C:\S2A_USER_PRD_MSIL2A_PDMC_201

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

@%%%%%g@;ﬂcﬁk oG +G°i\+§m%@?@;

£ - (decoding binary flag information)

Product Explorer x\ Pixel Info = |[ B [1] Sentinel 2 MSI Natural Colors RGB x,{ "Mask Manager x e C)w
3 ? ::[;] SMZA—OPER-MTD_SAFL1C_PDMC_20160330T05060 " Pl S ‘ 3 b | @ | Name Type Colour Tra... f(x) [x] P
[ etadata Al B & g
G- (33 Vector Data [ |msi_lost_B5 Geometry E% 5
=-&3 Bands i | (] |msi_lost_B6 Geometry Ql I dil :Er;‘
@@ sun ] msi_lost_B7 Geometry i
G- view [ Imsi_lost_B8A Geometry EL @
@ B1(3430m) § | [] Imsi_lost_B11 Geometry ﬁc] =
[ B2 (490 nm) | [] |msi_lost_B12 Geometry w g
g z:g:g::; [] imsi_degraded_B2 Geometry .'". =5 %
B 85 (705m) [] |msi_degraded_B3 Geometry E:@_} iﬁ é
[ 86 (740 nm) ¢ [ |msi_degraded_B4 Geometry % & A
ﬁ B7 (783 nm) [ |msi_degraded_BS Geometry @: =
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. = [ [2] Sentinel 2 MSI Natural Colors RGB x| [ fmsi_degraded_B11 Geometry 2
Navigat... | Colour ... ; : % | [] |msi_degraded_B12 Geometry -
[ |opaque_clouds_20m Geometry
[ [cirrus_douds_20m Geometry
[ [sd_nodata Maths
[] Isd_saturated_defective Maths
[] Isd_dark_feature_shadow Maths
‘i [ |sd_cloud_shadow Maths
§ | [] |sd_vegetation Maths
[ |sd_bare_soil_desert Maths
[ [sd_water Maths
! sd_doud_low_proba Maths
sd_cloud_medium_proba Maths
sd_doud_high_proba Maths
Vs sdl_thin_cirrus Maths
LA sd_snow_ice Maths g
Off Giobe < > (2)
X -y - lat -—-lon - ‘ Zoom - Level —
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lelp

Radar Tools Wi

Br2o0 AN vE Qe \MEHDO
Working in geophysical units

Product Explorer x| Pixel Info = | | B8 [1] sentinel 2 MSI Natural Colors RGB  x

=-&4 [1] S2A_OPER_MTD_SAFL1C_PDMC_20160330T05060 A &y Lok
B ;
- (3] Metadata )

| Spectrum View x

Aleiqr] 3npoud (,O

Spectrum View Y
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5,000 s B .g
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< 1 2,000 . 8 ——— —_— §
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Wavelength (nm)
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File Edit View Analysis Layer Vector Raster Optical Radar Tools W

SR ABBLTeXE

» Meta Data

=] % [1] S2A_OPER_MTD_SAFL1C_PDMC_20160330T05060 A
£-E3 Metadata

@@ Abstracted_Metadata

+-§B Level-1C_User_Product

#- P Level-1C_DataStrip_ID ‘

Name

i@ B3 (560 nm)
i@ B4 (665nm)

| Product Explorer x| Pixel Info = || [1] Level-1C_User_Product x\

Value

‘ [=] Technical_Quality_Assessment

DEGRADED_ANC_DATA_PERCENTAGE 0
DEGRADED_MSI_DATA_PERCENTAGE 0

w- @ Granules | = Quality_Control_Checks

F ’ Q2 vector Data ‘ = Quality_Inspections

7 ? Sn:fm ‘ SENSOR_QUALITY_FLAG PASSED
563 view ‘ GEOMETRIC_QUALITY_FLAG FAILED
[ B1(493rm) | GENERAL_QUALITY_FLAG PASSED
o[ B82(490 nm) \ FORMAT_CORRECTNESS_FLAG ~ PASSED

RADIOMETRIC_QUALITY_FLAG PASSED

B2 OEHEDO

[« 1(Z) (O] [# 11 Sentinel 2MSI Na
@ § A Fow, R

-

|
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Switzerla

100 Km

Off Globe

Value

(| @ Image_Content_QI

NODATA_PIXEL_PERCENTAGE 28.376011
SATURATED_DEFECTIVE PIXEL F 0.001273
DARK_FEATURES_PERCENTAGE  3.273746
CLOUD_SHADOW_PERCENTAGE  1.344226

VEGETATION_PERCENTAGE 36.241497
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THIN_CIRRUS_PERCENTAGE 4.166847
SNOW_ICE_PERCENTAGE 9.571198

AT ATALE T AN AT A SR A A

i@ B5(705nm) | [ Failed_Inspections

[ B6 (740 nm) v || SCHEMALOCATION https://psd a: %
< > ——— — e
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[Qv Search (C
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- (@3 Vector Data . . Masks ®| s
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Toolbox

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q~ Search (Ctrl+])
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] E] VIEW
B B1(443nm)
B2 (490 nm)
B3 (560 nm)
B4 (665 nm)
B5 (705 nm)
B6 (740 nm)
B7 (783 nm)
B8 (842 nm)
B8A (865 nm)
B9 (945 nm) v

Aseiqr pnpod |4

J1abeuey 1aie [[f)

J1abeuel) ysely Q.}

»

Navigat... | Colour... | Uncerta... World...x| @ | [E] [2] Sentinel 2MSI Natural ColorsRGB  x (E2]=)}

France

Genova

Barcelona

100 Km

Off Globe

X =Y -— Lat - Lon - Zoom - Level -

BrockManN
ConsuLT



Toolbox
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Toolbox
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Toolbox
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File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

- X
[Qv Search (Ctrl+I) ‘

aRioniBeeR tE

| Product Explorer x | pixelInfo | =
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i Metadata

i (33 Vector Data

&3 Bands

-3 sun

@@ view

[l B1(443nm)

[ B2 (450 nm)
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< >

iy OO0 e B
wr

Attach Pixel Geo-Coding...

Metadata >E%@@$ \EDEED
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Options
External

H Plugins

Updates Available Plugins (3) Downloaded Installed (3)  Settings

Search:

Select  Mame Category
W Sentinel-2 Toalbox Kit Module org.esa.s2thx
[] Radarsat-2 Polarimetric Toolkit Module Radarsat-2 Toolbox
[ RCFP Platform RCF Platform
[0 Sentinel-1 Toolbox Kit Module Sentinel-1 Toolbox
[0 Radiometric Indices Bundle Sentinel-2 Toalbox
[] case 2Regional / CoastColour Proc... Sentinel-3 Toolbox
[ Sentinel-3 Toolbox Kit Module Sentinel-3 Toolbox
[ SNAP Desktop Rich Client Platform SMAP Desktop
[] smAP Engine Kit Module SMAP Engine

| Navigat... [ Colour ... \ Uncerta... \ World ... x |
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100 Km

Off Globe

[E] [2] sentinel 2

Sentinel-2 Toolbox Kit Module

Jabeuely Jadeq “ﬁ ‘ Ale.aqr pnpoad (L

Version: 4.0.0
Source: SNAP Extensions

Plugin Description

The Sentinel-2 Toolbox is & SMAP extension dedicated to the exploitation of Sentinel-2 M5I
data and data of other optical high resolution sensors,

J1abeuel) ysey m ‘

Activate Deactivate Uninstall

Help
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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

A SNAP Desktop
I Modern, intuitive and rich user interface
I Fast display of giga-pixel images
I Large portfolio of analysis and visualisation functions
i Operator interfaces and graph builder for processing

A SNAP Engine
I SNAP core code base
I EO data model, I1/0O & operator APIs
I Python API allowing to use also numpy, scipy, pandas, etc with SNAP
.
|

Common, generic | /O formats: Net
Common, generic functions: reprojection, subset, geo-coding,
collocatlon, band maths, | mage f

I Command-line interface, no GUI
I Various uses: library, service implementation
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Sentinel 2 Specifi

A S2 Radiometric Uncertainty Tool

I radiometric uncertainty propagation for optical level-1 radiance
data

A sen2cor

I performs atmospheric correction on Sentinel 2 L1C products,
thereby creating L2A products

A sen2three

I 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)

A Radiometric indices
T radiometric Indices calculus.



Sen2cor

A Processor for S2 L2A product generation and formatting
A Comprises atmospheric-, terrain and cirrus correction

A Creates bottom of atmosphere corrected reflectance images
In all S2 bands

I Additional aerosol optical thickness, water vapour, scene
classification maps, and quality indicators for cloud and snow
probabilities

A Product format equivalent to L1C, all bands in their native
spatial resolution

A Written in python



L2A Process

DEM GIPP

Level 1C User Product
JPEG 2000 + Metadata

J

Create Tables |
" = )

«datastore» «datastores
60, 20, 10 m Tables Look Up Tables
21 ~ i
«usey \Cuse’ «USE» /
4 \ /

/ \
7 . Perform
\—){ Pg::m;:: Atmospheric
Correction

\
\

{Conven Tables )_)

Level 2A User Product
JPEG 2000 + Metadata

60,20,10m
processing
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http://step.esa.int/thirdparties/sen2cor/2.2.1/S2PAD-VEGA-SUM-0001-2.2.pdf B

BrockManN
ConsuLT




A : Time interval

S S
— —

L1C product at date t n L1C product at date t o L1C product at date t p L1C product at date t q ...
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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)
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<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
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