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Imaging Spectroscopy

(Hyperspectral Imaging)
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Imaging Spectroscopy

A Each spatial pixel in the image contains a spectrum of the
light arriving at that sensor element

Hyperspectral A Amount of data is significantly larger than in the case of
normal RGB imaging or multispectral imaging (e.g. Sentinel 2

or Landsat)
AHyperspectral image typically contains > 100 spectral
channels in one pixel
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Imaging Spectroscopy

AMeasured spectra affected by transmission through the
atmosphere and reflectance of material being imaged

Hyperspectral - I
Radiance spectra of vegetation
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Imaging Spectroscopy

AMeasured spectra affected by transmission through the
atmosphere and reflectance of material being imaged

Hyperspectral - I
Radiance spectra of vegetation
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Imaging Spectroscopy Space Missions
HICO (ONR), end of operations 2014, Source:

VNIR at ISS 100 Front. Environ. Sci. 9:649528.
- o Wv2  doi: 10.3389/fenvs.2021.649528
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EnMAP Mission
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Project Management
DLR Space Administration

“oHB

Space Segment

Sensor

i DLR

Platform

AENMAP (Environmental Mapping and Analysis Program) is a
spaceborne German hyperspectral satellite mission to

scale.

AMain goal is to provide accurate information on the state and
evolution of terrestrial and aquatic ecosystems for research
In various fields like agriculture, geology, soils, urban areas,

= [ coastal and inland waters.

Investigator
GFZ Potsdam

siARsaenesEam T AEnMAP will provide scientific data for measuring climate
& change impact, analyze land cover change and surface
Ground Segment processes, study biodiversity, study water availability and
“Sewe quality, analyze natural resources and provide hazard and

DLR-IMF
risk assessments.

Payload
DLR-DFD

Operations
DLR-GSOC

monitor and characteri ze Eart
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EnMAP Image Acquisition

A Like most hyperspectral
missions, ENMAP uses a push-
broom approach, all 223
spectral bands are acquired
simultaneously over an area of
30Km 30m

AENnMAP products delivered as
tiles of 30 Km 30 Km

AEnMAP design to acquire 5000
Km (along-track) of data per
day
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syncrhronous

Orbitheight " 653Km
OrbitPeriod 97 minutes

orbits)
SWIR

900 nm < A <2450 nm

(135 spectral bands, 10 nm)

SNR > 150 @ 2200 nm
Satellite

Ground Track
‘_

Recuey N - o S
1.0nm (SWIR)
_ 5.0% (absolute);
2.5% (relative)
_ <30 mwith GCPs
(100 mwithout GCPs
420 nm <A <1000 nm

(95 spectral bands, 6.5 nm)
SNR > 500 @ 495 nm

Pointing Range
+ 30°off-nadir

Source: DLR, OHB

i DLR

Covered Area/Day
5000 km x 30 km
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Launch and start of operatio

Source: SpaceX

AENMAP launched on 1st April 2022 on a SpaceX Falcon 9 rocket from Cape
Canaveral

A Commissioning Phase successfully closed. Start of routine operations
November 2022

AToday ~30000 Products of 301 30 km archived and ready to download
T+00:00:08 & g7 g,.w "ﬁ :

fi 3 8 '
Source: SpaceX w / : N4 B B b
A e ! y N il f ‘.
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27. April 2022 1st EnMAP Image

09:29 (UTC)
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Spectral Profiles [Top—Of—Atmosphere Radiance)

T TEaD -
Wavelength [nm]

el
[}
L=
[}

14EDLR. de 1A ' S@tbsandtresults of the EnMAP Mission ~ ~ i
1 27. April 2022 1St En MAP |m ag e
T 3 09:29 (UTC)
>0 - D g
5 ] .3
c‘: a = Blottorn—Olf—Atlmospherg Reflectclmcel Spectra
é 15 4000
] 10
= ° ]
IE‘ [ -
5 4 3 4000
2 ~ -
g a: 13
N 70 %, 3000
- e
O - L L L L 1 L 1 f /} f f f IE‘
500 1000 2000 ki
:
m

1000

PLL

red: 637 nm red: 859 nm red: 2176 nm
green: 547 nm green: 650 nm = green: 1633 nm Source: DLR
blue: 461 nm blue: 547 nm blue: 1213 nm



-

s - Lake Iéélard A
. 08.April 2023

Ambozaka (east coast of
Madagascar)
01. April 2023

o~

Teresa island (Patagonia,
Chile) >

ﬁeptember 2022% & -



5 e o e U R il
o A g PR Mooroonga Island
e G e g s . W = (Australia)
) 4 T ,,ﬁ“ 8 » 02. September 2022

4
A
>
4
»

A . e
“ % \"‘.‘ﬂ
o - - . »
- ‘ ’ o P
e o4 Y |\ - ‘ - . 8
\ - .
ﬁ . A ’ O o™
§ £% .
7t N . z -
7 - \ . .
'..pj - g il )
N > g AN . -
& S ¢ R B A S T b
S - o S < - ‘ o
) ‘ F.‘l -.; ‘
4 ’ ¢ 3
3 Sy .’ R 7 g . &
1 ARG I D T Ly |
i : 7’\ o ! \AJ, - '0"‘:.{ < .‘. . /|
» 5 1 o 4 s
"3 L \;’ ;\ _— ‘
YA
"( / e R

Ramree Island (Myanmar)
22 October 2022

blue ‘550 nm

T 8 F s




DLR. de 1K

Stathsaandtresults of the EnMAP Mission

Processing chain and EnMAP Products

Orbit and
Spectral Channels Attitude
Products

Level 0 Processor
Transcription and
Screening

Data Quality Control Routines

3

Earth

calibratio

Long-Term
Archive

Calibration
Products

Calibration
Measurements

Level 1B Processor
Systematic and
Radiometric Correction

Measurements, l

n

Data Quality Control Routines

Level 1C Processor
Geometric Correction
Orthorectification

Data Quality Control Routines

In-Flight Calibration
Spectral, Radiometric, and Geometri

In-Flight Calibration

)

Calibration
Products
and
Measurements

Pre-Flight Calibration
Spectral, Radiometric, and Geometri
Pre-Flight Calibration

)

Source: DLR

v

Level 2A Processor
Atmospheric Correction
Land and Water

Data Quality Control Routines

Data Quality Control
Reports

Independent Validation
Reports

= L1B Product

H4—C  Uv4H4CO

> L1C Product

DOnLmmMmOOXUT

L2A Product

.

Data Quality Control
for selected observations

_(

Independent Validation

for selected reference sites

Tt

[EnMAP GS/ EnMAP SS / User community

| i DLR

Ground-based,
Air- and Space-borne
Products

A In-flight calibration observations are
processed to generate updated calibration
tables

A Three level of users products can be ordered
(L1B / L1C/ L2A) from Earth observations.
Dedicated L2A water processor (2 types of
water products)

A User products annotated with quality
information (metadata) plus periodic quality
and validation reports

A Quality Control (GS) and Independent
Validation (GFZ) performed on user products

A EnMAP L2A data complaint
with CEOS CARDAL at

threshold speC|f|cat|on
WI = >3
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IN-Orbit Validation
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How to get ENMAP Data

AENnMAP data access portal has two main entry points: new observations (1) and archived data (2)

1. EnMAP Instrument Planning Portal
) UserRartal = © UsenRegistration https://planning.enmap.org/

Where users can register, submit proposals
(necessary to task the instrument) and request
future EnMAP acquisitions

Proposal @ Observation Request Portal

————

EnMAP Observation Requests, Planning Support for Observation
EnMAP Proposals, Announcement of Opportunity Processes, Reviews, Request Single Pass Coverage Acquisitions.

Up and Download of proposal-related Files.

& Cat-1 | & Charter | & Cat-2-Distributor § & In;;r:a; ¢ ‘}:’O bsematlon -
8 applicationSupport & Cat-1-Distributor :

Coa
o
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How to planned an EnMAP acquisition

1. EnMAP Instrument Planning Portal
https://planning.enmap.org/

Mode:: POINT MULTI PASS

Datatake Parameters changeable for each datatake anytime before submission.

-15° 10 +15°

Sunglint Default Parameters used for all datatakes..

Viodel Preview Sunglint Windspeed(s)
nion: predicted sun glitter... ~ do not return sunglint pixel... ~ %x3m/s|| %8 m/s
Coverage Threshold Intensity Threshold Threshold Type

100 % M 100 % M avoid interference

Cloud Coverage Default Parameters used for all datatakes.

eshold Type

donot returnclo... ~ avoid interference
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How to get archived EnMAP data

COC &
CeoPortal | ome L colsions | Pocucs s o)

- ]
2. German Satellite Data Archive e 7] M 6 G (8, (o
U Filter by Region € Filter by Time © Filter by Collection ©
i + || Inematc Maps

! + | FireBIRD
1

= = L+ [ St s, + [ TanDEM-X Pursut TSX-1 Like
roug s | 1970-01-01 {55 2023-07-02 L)) [ TanDEM-X Pursut TSX-1 Like Experimental

bho' n 00|~ HH 00|v MM 23| v (HH (59 v MM DESIS
] ] % - @ EnMAP

https://eoweb.dIr.de/egp/ — =

101100 results selected v |[I] Toggle View

Catalogue and order the products. ,
157 159
ENMAP HSILLO ENMAPHSILO ENMAPHSI LO ENMAP HSILO ENMAPHSILO ENMAP HSILO ENMAPHSILO
ro u C S a r e ro C e S S e 0 n - e l I I a n 2022-07-28710.49.48 1102 - 2022-07- 2022-07-28710.49:43 6582 - 2022-07- 2022-07-28710.49:39. 2052 2022-07- 2022-07-28T10.49:34.7532Z - 2022-07- 2022-07-28710:49.25 8492 - 2022-07- 2022-07-28T710.49. 21 397Z - 2022-07- 2022-07-28710.49:16.945Z - 2022-07-
b} 28T10:49:52.6442 28710.49:48 1922 28T10:49.43 7402 28710:49:39 2882 28710:49:30.384Z 28710:49.25.9322 28T10:49:21.480Z

according to different processing options
of their choice like: G Rt Bedsag L B | T ] o X
A Processing level (L1B, L1C, L2A) - .

APH
2022-07-; zsno 49 ‘2 4932 202207~ 2022-07-28T10:48:59.137Z - 2022-07- 2022-07- ZST'O 48 50 2322 2022-07- 2022-07-24T10:47-17 510Z - 2022-07- 2022-07-24T10:47-17.510Z - 2022-07- 2022-07-24T10:46:41.893Z - 2022-07- 2022-07- 241!3 45:52.9207 - 2022-07-
2871049:17.0282 28710.49:03 6712 28T10.48 54 7672 24T10:47:22 0012 2471047220012 2471046464282 247104557 4552

A L2A processing n 10de (Iand, water,
" NMAP HSI.LO ENMAPHSILO ENMAP HSILO ENMAPHSI LO ENMAPHSILO ENMAPHSILO ENMAPHSILO
2022-07-; 24110 45:52.920Z - 2022-07- 2022-07-24T10:45:48 4682 - 2022-07- 2022-07-24T10:45:48 4682 - 2022-07- 2022-07-24T10.45:44 0162 - 2022-07- 2022-07-24T10:45:44 0162 - 2022-07- 2022-07-24T10:45:39.5642 - 2022-07- 2022-07-24T10:45:39.564Z - 2022-07-
CO I I I I n e 45574552 24T10.45:53.003Z 24T10:4553.0032 24T10:45:48 5512 247104548 5512 24T10.45:44.009Z 24T10:45:44.099Z
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Introductory Videos (Screencasts)

£ S5 Lo

= - £ - v i . .
. e > ~ ~ Pre-processing 05 - Introduction to the EnMAP Data Access Portal
Home Data & Access Mission ep Applications Tools Events & Education

S Data & Access

The Data AcCess Portal & in general include two
SCREENCASTS : . & s | EnMAP Data Access Portal (EDAP)

mz;0r entry points: the ENMAP Instrument Planning  “

Ton e to Portal and the EOWEB® GeoPortal. {

user roles L Pre-Processing 06 - The Proposal Portal
On the EnMARssiGment Planning Portal users

How to submit adata . :

proposal 2 can register, submit proposals, and plan and request
future orders. The EOWEB® GeoPortal contains

Fow fo pian and request the full EAMAP Data archive. Users can access | trument Paneing prta cowssGeaRor

future observations [ . . \ (€GP}
EnMAP data using two different options:

How to sk e Image: The EnMAP Data Access Porta

datafrom the archive [2 » Users can request acquisitions through the

EnviAPastrument Planning Portal. The portal includes the Proposal Portal for proposal submission by
all scientific users respondiig$aan Announcement of Opportunity {AO) and the Observation Request
RELATED DOCUMENTS Portal providing planning support of observatiGiiragitasts and submission of future orders.
« Users cansearch and order data in different processing levels from tiie Sasman Satellite Data Archive

Portal User Manual
(D-SDA) through the EOWEB® GeoPortal. T ————————
Level 18, Level 1C, Level 2A y y . )
Product Specification More information on using the EnMAP Data Access Portal is available in the user manual and in short video
screencasts linked in the menu on the left.
ALGORITHM THEORETICAL

A Introductory videos available at HyperEDU channel in YouTube can help you to
register, submit a proposal, command new acquisitions or access the archived data

A Links available from https://www.enmap.org/data access/



https://www.enmap.org/data_access/

Status and results of the EnNMAP Mission

ENMAP science support activities for the exploitation of EnMAP
data
Development of algorithm toolbox and education resources

https://www.enmap.org/events_education/hyperedu/ https://www.enmap.org/data_tools/enmapbox/
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