BT PRI 10 R VR gl Vg

ANIMOVE 2024 - REMOTE SENSING

ALY ) A S /¥ L A L R

DLR
’,gn’,’ ,1'1 .‘,/’
a '-A:‘, ‘j’;z"ﬂ'r{:?"r /“ ‘! <
H,,‘ ! .f‘;" /"
4 /
- . / ' . , .
Ines Standful3, Jakob Schwalb- Wlllmann ! gmann, Martina Scacco, Grégoire Kerr

Matthias Weigand i



Overview
DLR

What is Remote Sensing?

» Introduction to Remote Sensing & main
concepts

Focus on Optical Remote Sensing

= Dive In Optical Remote Sensing concepts

A bit of Pracical examples

= |llustration of the concepts & examples

Bildquelle hier angeben

= Data structure and some common data
providers
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Earth Observation & Remote Sensing
DLR

» Earth Observation (EO)
It is the act the gathering of information about Earth. It encompasses
numerous techniques and approaches, one of which is remote sensing.

» Remote Sensing (RS)

= |tis the science of obtaining information about objects without being ”Gpi?;:q
aLIEliLES
in direct physical contact with the object. Sensor [
. : : : Systems
» |t encompasses Earth observation from either space (satellites) or air Y . Maths
(aircrafts/drones) but also covers other topics such as military intelligence.
Computer @ [Rformation
Science ' Theory
= |n Situ Observation/Data Aerospace
Engineering

» Data or observations collected directly in contact with the objects
of interest

» Can typically be combined with remote sensing data to ‘get the best
of both worlds’

= Note: RS is a multidisciplinary topic and there is no know-it-all expert




What is ,sensed’ by remote sensing?

» Remote Sensing is typically measuring Electro-magnetic radiations
= Typical examples are light and radio-waves
» This presentation is focusing on them, as they represent the majority of available sources of data

» There exist however many ‘niche’ or ‘exotic’ types of measurements. Some examples are
» Gravimetry (measuring the gravitation field)
» E.g. GOCE https://www.esa.int/Applications/Observing_the Earth/FutureEO/GOCE
= Magnetomers (measuring magnetic fields)
= E.g. MagSat https://nssdc.gsfc.nasa.gov/inmc/spacecraft/display.action?id=1979-094A
» Particules (protons, alpha particules, heavy ions, ...)

» E.g. GOES Solar and Galatic Proton sensor: https://www.goes-r.gov/products/baseline-solar-galactic-protons.html
= Sound

= E.g. Sonar and Sodar
= Etc.

= Science is the limit ;)

DLR


https://www.esa.int/Applications/Observing_the_Earth/FutureEO/GOCE
https://nssdc.gsfc.nasa.gov/nmc/spacecraft/display.action?id=1979-094A
https://www.goes-r.gov/products/baseline-solar-galactic-protons.html

What is Electro-Magnetic Radiation ? #
Bits of (very simplified) theory DLR

» Electro-magnetic radiation is a synchronised oscillation of electric and magnetic

f|e IdS (yes, that doesn’t really answer the question)

* |n practice it can be seen as particles (photons) behaving like
a wave (i.e. having a wavelength - A - and a frequency - v): .

= Wavelength: ,distance’ covered by a full oscillation
* Frequency: kind of the ,speed’ for a full oscillation

» Photons travel (in the vacuum) at the speed of light (about
300°000°000 m/s)

= Their frequency is equal to the speed of light divided by their wavelength

= In other words, both frequency and wavelength are directly related e
= Using one or the other is (almost) only a matter of taste



https://en.wikipedia.org/wiki/Electromagnetic_radiation#/media/File:Electromagneticwave3D.gif

What is Electro-Magnetic Radiation? ‘#7
Why is this relevant for practice DLR

* The wavelength (or frequency) is a core characteristic of the measurement
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= Visible’ light (VIS): wavelengths ranging from roughly 400 to 700nm
» Infra-Red (IR): longer wavelengths from about 700nm up to a few hundred micro-meters

* Near Infra-Red (NIR): 700-1,000nm is just the same as the visible light (but we don't see it)
= Short Wave-Infra-Red (SWIR): 1,000 — 2,500nm is quite similar in behaviour

» Mid-Wave Infra-Red (MWIR): 3,000 — 6,000nm and Long-Wave Infra-Red (LWIR): 7,500 -
14,000 nm corresponds to ‘thermal’ radiations



https://upload.wikimedia.org/wikipedia/commons/0/04/Cont_emspec2.jpg

Why do we define these domains?

» The way radiations interact with the matter depends on their wavelengths =~ PR

» Different wavelengths domains typically require different types of sensors to be measured

» E.g. Visible to SWIR sensors can be seen as ‘just’ a high-end digital camera
» E.g. Micro-wave and above are measured with antenna

opernicus
» ‘What' is exactly measured also depend on wavelength

* In VIS, e.g. its mostly solar radiation
= Different methods & expertise is are involved for different domains

* The following focuses only on the Visible to LWIR domains (400 to 14,000 nm)
» This corresponds to the ‘most’ intuitive domain as it is similar to how we perceive the world

» This does however exclude a complete family of measurements: ‘microwaves’ (1mm to 30cm)
» They are used in RADAR remote sensing



https://www.dlr.de/en/latest/news/2022/02/20220614_15-years-terrasar-x
https://www.d-copernicus.de/daten/satelliten/satelliten-details/news/sentinel-2/

Radar Versus Optical
DLR

Toulouse, France

Sentinel 1 Sentinel 2

» Note: The Radar is actually even a bit more complex, as we are representing only one of its components




Interactions 4#7
DLR

» Electro-magnetic radiations interact with the medium they encounter
= As a function of the wavelength

= Typically, as combination of absorption, reflection/scattering and transmission

= Example VIS domain:
= A mirror is mostly reflecting
= Awindow is mostly transmitting
= A black solid is mostly absorbing

» These interactions bring along advantages and disadvantages:

= Advantage: You can derive information about the medium composition

= E.g. some gazes absorb specific wavelengths making the atmosphere ‘opaque’ — characterising ‘how
opaque’ they are, allows to infer the atmospheric composition

» Disadvantage: You have to ‘correct’ for unwanted effects

= E.g. before deriving information about the earth surface, you will have to correct for effects introduced by
the atmosphere




Sneak View — some examples
DLR

argostp/project

Near-infrared

e ——

source



http://argosfp7project.blogspot.com/2015/11/short-wave-infrared-swir-imaging.html
https://www.epfl.ch/labs/ivrl/research/near-infrared/
http://argosfp7project.blogspot.com/2015/11/short-wave-infrared-swir-imaging.html
http://argosfp7project.blogspot.com/2015/11/short-wave-infrared-swir-imaging.html
https://en.wikipedia.org/wiki/Ultraviolet_photography#/media/File:Sunscreen_on_back_under_normal_and_UV_light.jpg
http://argosfp7project.blogspot.com/2015/11/short-wave-infrared-swir-imaging.html

Where does the energy come from? ‘#7
DLR

%%Fassive @%Agtwe
. . remote
* There are two main ways measuring SEHEmMQZ

-

Principles ‘Just’ measure whatever comes to you Emit a radiation and measure what is coming
back
Pros/Cons Lower energy consumption (i.e. easier to High energy consumption (harder to measure
measure ‘continuously’) continuously)

Needs ‘'someone’ else to produce the energy, Better control of the signal
can’t measure when it is not present

Example  Digital Camera, optical sensor LIDAR, Radar, Digital Camera with flash
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Where is the radiation passive sensors measure coming #
from? DLR

» Most surfaces emit radiation depending on their temperature
» The intensity and wavelength depends on the temperature

le7

* From 400 to 2,500 nm the main BT —— Fun ~SO00K (scaled dowr) by 11003000)
contributor is primarily the Sun (6,000 K)
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= For MWIR to LWIR contributions from
objects on Earth start being also
observable

» These temperatures on Earth can reach a
few 100°Celsius (e.g. Lava 1,200°C)

* Thus the (improper) name ‘thermal’ remote
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Path to Sensor — typical measurement
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https://www.fondriest.com/environmental-measurements/parameters/weather/photosynthetically-active-radiation/
https://upload.wikimedia.org/wikipedia/commons/1/1c/Atmosfaerisk_spredning.png
https://www.researchgate.net/figure/Typical-spectral-signatures-of-specic-land-cover-types-in-the-VIS-and-IR-region-of-the_fig2_326405082
https://www.newport.com/t/introduction-to-solar-radiation
https://www.fondriest.com/environmental-measurements/parameters/weather/photosynthetically-active-radiation/

Path to Measurement — good to know ‘#7
DLR

In the VIS to SWIR the atmosphere is significantly interacting
with Electro-magnetic radiations
= One example is the presence of clouds

= About 67% of Earth’s surface is covered by clouds at a given time
(King et al., 2013).

= |t is slightly better over land, and slightly worse over waters

= Another example is the scattering of the ‘shorter’ wavelength
= Molecules and aerosols sometime ‘reemit’/ redirect radiations in a

. . source
random direction Extreme example — On Mars,
= This typically affects ‘smaller’ radiation (in VIS - blue) the Sky has a different
= This is the reason why the sky appears ‘blue’ appearance than on Earth. One
= Note: the scattering (and effects) depends of the reasons is the different
on the atmospheric conditions scattering due to different

* You can't afford to ‘ignore’ the interaction with atmosphere

the atmosphere!!!



https://spaceplace.nasa.gov/blue-sky/en/

How are we measuring? #
DLR

* In the VIS-SWIR domain sensors are ‘digital cameras’
» The detector is made of several ‘pixels’ each looking in a given direction

» They count photons at a given wavelength coming from a given 21 56 121 } DN
direction over a given time H
» Photons per second per solid angle per area per wavelength is ‘the
radiance’

= The number of photons collected converted to a numerical value (DN)

» Using calibration information, you can relate the DN to an actual radiance:
this is your measurement (Top of Atmosphere)

* The MWIR/LWIR sensors can be a bit different, but can
usually be used ‘as if they were the same’

A

Area seen Area seen Area seen
by pixel 1 by pixel 2 by pixel 3




How are we measuring? Focus on geometry #7
DLR

» Each Pixel corresponds to an ‘angle’ - not directly a size
» The ‘size’ of the angle depends on the sensor characteristics

» This is quite the 'same’ as how our eyes work

= The ‘area’ seen by a pixel (or us) is dependent on
= How far the object is
= How is the object ‘tilted’ w.r.t. the sensor

» |f several objects are covered by the same pixel, they will be ‘mixed’ or ‘blurred’ together by that pixel

o -

l—Y_} \_Y_}
At this distance, the At that distance, the buildingand the
buildingand the tree are tree blurred together in the same pixel

seen by ‘different pixels




How are we measuring? Geometry & Spatial Resolution #
DLR

* When looking ‘down’ on Earth the angle defines a ‘size’ of a pixel

» This is the ‘spatial resolution’

* The resolution depends on
» The sensor itself
» The sensor orientation
= Where in the sensor the pixel is located
= What is the shape of the terrain

= Associating each pixel to a given surface
area is the ‘georeferencing’

» Correcting the data so that all pixels ‘ ‘
cover an equal “quadratic” area is the ‘ ﬁ "
K_Y_)

ortho-rectification

‘standard’
Area increase when pixel

= ‘common’ understanding of spatial tooking sidewards
resolution from data perspective




How are we measuring? Focus Digital Number & Bit Per #
Pixels DLR

* The Bit Per Pixel (BPP) defines ‘how many radiances’ can be represented by
a sensor (radiometric resolution)

= A sensor with b BPP can represent 2P different radiances

* The ‘maximum’ radiance depends on the sensor
* If you look at too ‘bright’ target (e.g. clouds) you might saturate

* The ‘intensity’ is typically represented in grey-scale
= Black being low radiance, white being the maximum radiance

A

Max +
BPP=1 BPP=2 BPP=3 BPP =8

Name des Vortragenden, Institut, Datum




How are we measuring? The spectral
resolution

= Sensors are typically collecting photons over a
given wavelength intervals

* Imagery is therefore made of several bands:

» Each band is a measurement over a certain wavelength
interval

» Spectral resolution: ability of a sensor to
distinguish different wavelength intervals




So much for the sensor — what’s holding it and how does 4#7
It record data? DLR

» We focus here on satellite remote sensing

» RS satellites typically operate on so-called Polar
orbits:

Fly roughly ‘North/South’ following the Earth rotation

At Each orbit, the footprint is off-setted in longitude

Over time — the complete Earth is acquired
Allows to observe every spot of the Earth at the same time

= There are however a few other orbits

». equator

0 days 06 hours 28 minutes

Sentinel-2 constellation:
summer solstice

ESA: Geostationary orbit
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https://www.esa.int/ESA_Multimedia/Videos/2016/08/Sentinel-2_global_coverage
https://www.esa.int/ESA_Multimedia/Images/2020/03/Geostationary_orbit
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https://resources.maxar.com/product-samples/satellite-imagery-series-vientiane-laos

Wavelength & Spectral Information - Examples #
DLR
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Spectral bands — Example Lansat 9

B1 ‘coastal aerosol’ B2 ‘Blue’ 450-510
430-450 nm

B5 ‘nir’ 850-880 m B6 ‘swir'1570-1650 nm B7 ‘swir’ 2110-2290 nm




Trade-Offs to be considered #
DLR

» A sensor is typically a trade-off

» The smaller the pixels are, the ‘more’ geometry we can see...
» But the sensor collects less photons (‘worse signal’)
= But you'd need more pixels to cover a given area

» The smaller the bands wavelength domain is, the more spectral details can be seen...
» But the sensor collects less photons (‘worse signal’) are the bands are smaller
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2 2 § &
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Sources Py ("x‘ ‘
: ' v = — W
[ 2 v MRl Miciowae Rodar & @ Rudractive
ANV | Covity Oven Light Bty Thee AL AR5  Demerts
sche Pecyie Mk
Frequenc
(waves pe - . =
second) 100 10’ 100 10" 10" 10 10" 10" 10" 10’ 10 107 0% 107 0%
s iy
Energy of /
ne photot
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Source

* There are also several technical trade-off to be considered when building the
sensor, several being related to these aspects



https://upload.wikimedia.org/wikipedia/commons/0/04/Cont_emspec2.jpg

Combining spectral bands - Theory #
DLR

* Human vision / computer displays represent colours as a combination of
‘Red, Green and Blue (RGB)

= To visualise further combinations on can rely on ‘false colour’ by displaying other
bands instead of the classical red, blue and green ones

» This allows to highlight visually ‘invisible’ spectral features

B2, B3, B4 B4, B3, B2 B3, B4, B5 B7, B5, B2
2z} blue, green, red red, green, blue green, red, nir swir, nir, blue




-
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Bands - Vegetat
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Comb



https://medium.com/planet-stories/infra-vision-a-satellite-superpower-948e46f95e0f
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Data Levels

DLR
» Remote sensing data is usually organised per processing levels (L): —

» LO:,Raw’ data, as retrieved after been downloading from the satellite:

= Cannot be used without expert knowledge on the satellite and ground segment.

= L1A: raw' data, but sorted out and linked to calibration data. - no

= Cannot be used without expert knowledge on the satellite and ground segment

= L1B: radiometrically’ calibrated data (top of atmosphere radiance) without geometric correction.

= Can be used by advanced users in specific cases

» L1C: Orthorectified L1B data (i.e. tiles of top of atmosphere radiance): }

= Can be used by advanced users, in specific cases

= L2 /L2A: Atmospherically corrected data (i.e. surface reflectance):

= Typically that's the data you‘d like to use if you have to rely on RS data
— yes
» L3/L4:inofficial names for either time series agregation and/or model outputs

» Usage dependson what you‘d like to do

» Note:. Levels definition detalils vary from mission to mission and/or from agency to agency:

Always check the documentation!




Data Download

] DLR
- _- granules Table 4: Level-2A Product name Nomenclature
L1B Field Signification Length |Example Value
(max)
MMM Mission ID, e.g. 52A, S52B 3| S2A
n'a Separator 1
DDDDDD Semantic Descriptor, fixed string to B | MSIL2A
identify Level-2A products
n/a Separatar 1
Datatake UTC Date/Time with second's 15 20160814T102032
Sensing Time resolution. Format:
YYYYMMDDThhmmss
n/a Separatar 1
Moooyy Production baseline 5 | ND201
n/a Separatar 1
ROOO Orbit Number 4| R04T
(Relative orbit number)
RO0D0-R143
n/a Separatar ~ ~ 1
Product Fixed string to distinguish different end 15| 20160803T124046
Discriminator user products associated to the same
datatake. Format:
YYYYMMDDThhmmss
. . Total length for main product 33
tles | 1C and hlg her directory name without extension.

Example name Sentinel-2file:
S2B_MSIL2A 20230613T102609 NO0509 R108 T32TMT_20230613T151004

Sentinel-2-MSI-L2A-Product-Format-Specifications

source
Note: Again, all of the above is mission specific



https://www.google.com/search?client=firefox-b-e&q=Sentinel-2-MSI-L2A-Product-Format-Specifications
https://eox.at/2015/12/understanding-sentinel-2-satellite-data/

Institutional Imagery Provider ‘#7
DLR

» Traditionally Satellite Remote Sensing has been operated by state agencies

= Most of the remote sensing data originates from such agencies

= When searching for specific sensors or missions, they are typically the first stop

= Some of the ‘usual’ suspects are (non exhaustive list)

ESA (Europe) :

» https://earth.esa.int/eocgateway/search?category=missions
« See in particular the Earth Explorer htips://earth.esa.int/eocgateway/missions/earth-explorers
« ESA also heads the EU program Copernicus: https://browser.dataspace.copernicus.eu
« See also European Meteorological Agency (Eumetsat): htips://data.eumetsat.int/

« NASA : https://www.earthdata.nasa.qov/
« NOAA : https://data.noaa.gov/onestop/
« USGS : https://earthexplorer.usqgs.qgov/

» Do not forget to check your ‘own’ space agencies
» There are still many ‘national’ mission:
= Centre national d'études spatiales (CNES) / France
= German Aerospace Center (DLR) / Germany
» Agenzia Spaziale Italiana (ASI) / Italy
» |ndian Space Research Organisation (ISRO) / India
etc.



https://earth.esa.int/eogateway/search?category=missions
https://earth.esa.int/eogateway/missions/earth-explorers
https://browser.dataspace.copernicus.eu/
https://data.eumetsat.int/
https://www.earthdata.nasa.gov/
https://data.noaa.gov/onestop/
https://earthexplorer.usgs.gov/

That’s a lot of data... even ‘just’ for ESA

b 4
" af P MetOp-A
P ERS-2 i
Envisat &
Proba-1
“ __ 5MOS

GOCE ﬁu%ﬁ

ERS-1
L

S o N

Name des Vortragenden, Institut, Datum

e

CryoSat

2010
Met t 10 MetOp-B
eohise @

Sentinel-1A &%)

D
Proba-V

Swarm

2015

Meteosat 11
(MSG)

MTG-II’ ‘

Sentinel-4A
MTG-S1

4

=
¥ 3
<7 Sentinel-3B Sentinel-6
Michael Freilich

Sentinel-2C
<0\ Sentinel-3C

Aeolus
N

EliomasséPhisat*Z \ : & i
@i L

et Zﬁﬂf

HydroGNSS ‘.]:ﬁa ETER

" ALTIUS

Sentinel-3D

(IMR-A
(RISTAL-A =

" Sentinel-2
Sentinel-6B

=)

@® FORUM

Harmony TRl_JTHS
(] MAGIC
Earth
Explorer-11

Sentinel-1 Sentinel-2
@
Earth
Explorer-12

Eesa

Science Copernicus

ROSE-L-A

Sentinel-3

Arctic Weather

%j:ellite
~

MTG-T2

MetOp-5G-B1
Sentinel-5A
Met0p-SG-Al

MTG-I3 Aeolus-2A

Sentinel-6

o Sentinel-5B
VErnel S8 etop-S6-A2

P
Meteorology

MetOp-S6-B2

Eurspean Union

e

Source



https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Discovery_and_Preparation/Monitoring_Earth_s_surface

Focus — Landsat, the grandfather

» L andsat is the oldest continuously serving constellation

= Although sensors evolved over time, attention was paid to keep as much ‘backward’
compatibility as possible

= Main sensor characteristics (Landsat 8)
= Spatial Resolution: 30 m (100 m — M/LWIR)
» Spectral Range: 0.43 —12.5 pm
= Temporal Resolution: 16(8) days

. . I Landsat1 July 1972 - January 1978
| |
Swath Slze 185 km _ Landsat2 January 1975 — July 1983

I Landsat3 March 1978 — September 1983
I Landsat 4 July 1982 — December 1993
R Landsats March 1984 — January 2013

Landsat6 October 1993
Landsat 7 April 1999 —
Landsat 8 February 2013 —
Landsat9 September 2021 - [
Landsat Next 2030 -

) 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030
Name des Vortragenden, Institut, Datum

Source

2035
Source


https://www.usgs.gov/media/images/landsat-missions-timeline
https://www.usgs.gov/media/images/landsat-8-image-7

Focus - Sentinel 2, the work horse

Source

= Sentinel 2 is equivalent of Landsat within the Copernicus program
= Currently (2024) constellation of 2 satellites (Sentinel 2A and Sentinel 2B)
= Operational Since 2015(2017)

= Main sensor characteristics
= Spatial Resolution: 10, 20 & 60 m
= Spectral Range: 0.43 — 2,28 pm
» Temporal Resolution: 10(5 days)
= Swath Size: 290 km

H“TI

Ba dsuos nm)

Band 11 (1610 m) Band 12 (2190 nm)

an a
Band 7 (783 m]

Band 6 (740 nm)



https://www.esa.int/Enabling_Support/Operations/Sentinel-2_operations

Landsat & Sentinel ‘#7
DLR

Comparison of Landsat 7 and 8 bands with Sentinel-2

100:
£ E 1 9 10
SH [ [
S ﬁﬁi Tﬂ‘ Sentinel-2 msi
£ :
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L
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2 = B o mesy DN TN
g E
g [T ] —} L7 ETM+ { e
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400 900 1400 1900 2400 g 10000 11000 12000 13000
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Name des Vortragenden, Institut, Datum



https://www.usgs.gov/media/images/comparison-landsat-7-and-8-bands-sentinel-2
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SeNtinel Applications Platform (SNAP) #
DLR

* ESA made available several tools for working with Sentinel Data
= Also covers a few other ESA missions
= https://sentiwiki.copernicus.eu/web/sentinels-toolboxes
= https://step.esa.int/main/download/snap-download/

= The Toolboxes can be used to
= Download / Browse data

= Visualise data and results
= Apply standard corrections and processing to the data
» Harmonise data with similar missions (e.g. Landsat to Sentinel-2)

= Several Tutorials as well as a forum can be found online
m https://step.esa.int/main/doc/tutorials/

Name des Vortragenden, Institut, Datum



https://sentiwiki.copernicus.eu/web/sentinels-toolboxes
https://step.esa.int/main/download/snap-download/
https://step.esa.int/main/doc/tutorials/

Snap / Sentinel 2 : example False Colour Visualisation

[1] Sentinel 2 MS Natural Colors RGB - S2A_MSIL2A_20240409T104621 N0510_R051_T31TCG_20240409T16505 sers\Griogal\Documents\S2A_MSIL2A_20240409T104621 N0510_R051_T31TCG_20240409T1650:
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
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Name des Vortragenden, Institut, Datum




Snap / Sentinel 2 : example Spectrum Visualisation
DLR

1] B3 - [S2A_MSIL2A_20240409T1046: 0240409T165053] - [C:\Users\Griogal\Documents) IL2A_20240409T104621_NOS1 0240409T165053.zip] - SNAP
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Snap / Sentinel 2 : example MSAVI-

DLR
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Microsoft Planetary Computer #
DLR

Microsoft planetary computer is similar to the functionalities of Google Earth Engine (GEE):
https://planetarycomputer.microsoft.com/docs/overview/about/

The Planetary Computer provides the following:
« Data catalogue with loads of EO/RS data
* APIs that allow users to search and process data

Getting started with Microsoft Planetary Computer R API:
https://planetarycomputer.microsoft.com/docs/quickstarts/reading-stac-r/



https://planetarycomputer.microsoft.com/docs/overview/about/
https://planetarycomputer.microsoft.com/docs/quickstarts/reading-stac-r/

46

DLR



Commercial — SPOT & Pléiades #
DLR

» Airbus (former SPOT Image) operates a constellation of high resolution
satellites:

= SPOT family (1986 — present)

= High Resolution Imagery (a few meters), relatively large swath
= https://earth.esa.int/eogateway/missions/spot

= Pléiades (2011 — now)
» Very High Resolution (<1m)
= https://earth.esa.int/eogateway/missions/pleiades

» Although a commercial mission, numerous partnerships with science exist
= Through ESA: https://earth.esa.int/eogateway/missions/pleiades-neo
» Through Airbus: https://intelligence.airbus.com/about-us/academic

» Note: Airbus has its own portal API for managing its data
= One Atlas: https://intelligence.airbus.com/imagery/how-to-order-imagery-and-data/
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https://earth.esa.int/eogateway/missions/spot
https://earth.esa.int/eogateway/missions/pleiades
https://earth.esa.int/eogateway/missions/pleiades-neo
https://intelligence.airbus.com/about-us/academic
https://intelligence.airbus.com/imagery/how-to-order-imagery-and-data/

Commercial - Maxar ‘#7
DLR

» Operates a large fleet of very high resolution satellites (15 cm to a few
meters)

= Best known is the Worldview series: https://www.maxar.com/maxar-
intelligence/constellation

= Offer very short revisit times

= Also proposes its ‘own’ platform
= MGP https://www.maxar.com/maxar-intelligence/products/magp-pro

» Note: as for Spot/Pléiades, some of the Maxar imagery is available through
ESA

» E.g. https://earth.esa.int/eogateway/missions/worldview
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https://www.maxar.com/maxar-intelligence/constellation
https://www.maxar.com/maxar-intelligence/products/mgp-pro
https://earth.esa.int/eogateway/missions/worldview

Commercial — See Also ‘#7
DLR

= Many new (or not so old) companies are emerging:

= Just to name a few...
= hitps://www.constellr.com/ - land surface temperature
= hitps://www.ghgsat.com/en/ - green-house gases
» hitps://www.planet.com/ - imagery
» hitps://satellogic.com/ - imagery
= Eftc.

» When looking for data and/or partnership, a quick search beyond the ‘usual suspects’
might be worth it
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https://www.constellr.com/
https://www.ghgsat.com/en/
https://www.planet.com/
https://satellogic.com/

Further Resources #
DLR

» USGS Spectral Library
= Collection of typical (in situ) reflectance spectra for surface materials
= https://www.usgs.qgoV/labs/spectroscopy-lab/science/spectral-library

* MERRA 2 / ERAS5

= Collection of atmospheric data
= https://gmao.gsfc.nasa.qov/reanalysissMERRA-2/

= hitps://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-
levels?tab=form

= All the above is non exhaustive
= A quick search is always worth it ;)
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https://www.usgs.gov/labs/spectroscopy-lab/science/spectral-library
https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels?tab=form

Commercial Imagery Providers - generic 4#7
DLR

= Academic science typically relies on ‘free’ imaging
* These are typically made available by governmental/state agencies
* They are usually trade-off aiming at satisfying ‘most’ users
= Aim at a wide & regular coverage, which come at the cost of spatial resolution

* There are however many commercial data provider
= They typically sell the data to corporations and/or government
» Use-cases are dominated by intelligence (especially commercial intelligence)

= Data tend to be focusing on high spatial resolutions (few metres/sub-metres) with
relatively good spectral resolution

» This is done at the cost of coverage: you only acquire data when you have a user

» Commercial doesn’t mean unavailable to academics/non-profit organizations
= Some collaboration with space agencies do exit
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If only the Earth was flat...

= The Earth is not a sphere...
* |t can be modelled as the so-called ‘Geoid’
= s actually not ‘rigid’ (Earth-tides, plate tectonics, ...)

= |n practise, it is often ‘good’ enough to model the Earth as an ellipsoid
= The best known is the World Geographic System 1984 or WGS-84

Altitude

equator Latitude

Longitude
source

» |ssue: it is mathematically impossible to perfectly project any of these
shapes to a 2D map
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The Geoid — altitudes exaggerated by 10 000
source


https://en.wikipedia.org/wiki/Geoid#/media/File:Geoid_undulation_10k_scale.jpg
https://www.researchgate.net/figure/Ellipsoidal-geodetic-coordinate-system-ph-l-h_fig4_255746491

Projections ‘#7
DLR

» As it iIs not possible to perfectly project the Earth Surface to a 2D map:

= Compromise must be made — projection can for example be:
» Conformal: preserves local angles, but not necessarily lengths

= e.g. Mercator Projection

= Equal-Area: preserves local areas, but not shapes- ]

= e.g. Lambert projection

» Equidistance: maintain scale along one or more line

» e.g. equirectangular projection

= Or a compromise amongst the above —

» Different data provider might use different projections
= You might need to convert between different projections
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