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A\ « EnMAP launched on 1st April
| 2022 on a SpaceX Falcon 9
rocket from Cape Canaveral

» Precise launch and separation.
First contact ~30 minutes later

« Commissioning Phase in
progress
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EnMAP — Mission %"W

Instruments Value

Parameters

Spectral 0.5 nm (VNIR);

Accuracy 1.0 nm (SWIR)

Radiometric 5.0% (absolute);

Accuracy 2.5% (relative)

Geometric 100 m

Accuracy (30 m with 27 days (398

control points) orbits)

SWIR
900 nm < A <2450 nm
(135 spectral bands, 10 nm)
SNR > 150 @ 2200 nm
Satellite
Ground Track

VNIR
420 nm < A <1000 nm

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

/E-Eround Pixel Size

30m x 30m

-t
P

Pointing Range
+ 30°off-nadir

Covered Area/Day
5000 km x 30 km

Source: DLR, OHB

01-September-2022




EnMAP — Hyperspectral Instrument

Telescope Fleld Soiit Star Tracking
C i plitter Sensor
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Solar
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nstrument
Structure
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34, 01-September-2022
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KLY
* Three mirror
anastigmatic

telescope +£1.3°

across track

* Independent VNIR
and SWIR
spectrometers

* Curved prism
design

* 2D focal planes
acquiring 14 bit
resolution data at
230 Hz

Guanter et al. Rem. Sens.
(2015)



EnMAP — Processing Workflow and user products

Orbit and
Spectral Channels  Attitude
Products

Level 0 Processor
Transcription and

Data Quality Control Routines

Earth
Measureme
+ calibratio
Long-Term
Archive
Calibration Calibration
Measurements Products

In-Flight Calibration
Spectral, Radiometric, and Geometric

In-Flight Calibration

Calibration
Products
and
Measurements

Pre-Flight Calibration
Spectral, Radiometric, and Geometric

Pre-Flight Calibration

Level 1B Processor
Systematic and

Screening |—> Radiometric Correction

Data Quality Control Routines

nts, l
n

Level 1C Processor
Geometric Correction
Orthorectification

Data Quality Control Routines

v

Level 2A Processor
Atmospheric Correction
Land and Water

Data Quality Control Routines

Data Quality Control
Reports

Independent Validation

Reports

P> L1B Product

P> L1C Product

TOMWLOMOOXNT

L2A Product

Data Quality Control
for selected observations

_(

for selected reference sites

—CTUuU-+H4CO

.

Independent Validation

Tt

Source: DLR

l EnMAP GS / EnMAP SS / User community l

Ground-based,
Air- and Space-borne
Products

, 01-September-2022
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In-flight calibration
observations are processed to
generate updated calibration
tables

Three level of users products
can be ordered (L1B/L1C/
L2A) from Earth observations

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

Quality Control (GS) and
Independent Validation (GF2)
performed on user products
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27. April 2022
09:29 (UTC)

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
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Spectral Profiles (Top—COf—Atmosphers Rodiance)
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Spectral Profiles (Top—COf—Atmosphers Rodiance)
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x5 Distribution of chlorophyll-a concentration s - 3%
. at water surface. Indicator for algal biomass - Y »
&

in the upper water layer
Source: DLR




EnMAP — More Images EnMAP .
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«—+Closed Shutter [dark]
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Deep Space [dark] —

«— +3Sun Calibration [absolute

radiometric] =
« White Spectralon [relative |-
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Source: OHB
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White | %
Spectralon g

Halogen Lamps
(redundant power)
(hidden)

Redundant
LED
(hidden)

* White Spectralon
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* Doped Spectralon
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Closed
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Earth (hidden) o Focal Plane LED
=—Observation /% —Telescope=—p =Spectrometers®  [linearity]
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Source: OHB
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EnMAP — On-Board Calibration Equipment %"%Q
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EnMAP — Lamp and Spectral Calibrations

YNIK OBCA Radiomelric Spectra Levels - High - Plxel 511
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G004 Laval 4
Calibration fram Calibration frames Calibration fram: — Loyal 2
Switcl M @ SCM Switch SCI Clo: o Levald
Dark frames, 2 galr;‘néc\ “1 DT Dark "mems M—‘ . T g_\ . ]
e Lovel et e T T Trewae tever B =)
5000
-
H
=
=
3 o
B
- S
} 17min 13s
1000
i T
Wavelengtir (nm}

Spectral calibration:

Calibration frames

Switch SCM Close SCM V N I R

HSI Dark frames, 2 gains

Dark frames, 2 gains req. spectral accuracy:

Lamp swithed on 0.5 nm for VNIR
1.0 nm for SWIR

spectral sampling distance:
4.8-8.2 nm
for VNIR (450-1000 nm)/"

1,024
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EnMAP — Lamp and Spectral Calibration

Constant spectral shift for 1%t spectral calibration of
Lamp calibri -0.47 spectral sampling distance* (expected due to gravity

Calibration fran m r I
Switch SGM
Dark frames, 2 gains
Radiance Level 1

”“f;j“T'* o [ Spectral shift between 1st & 2nd spectral calibration of
w7 0.002 SSD* (expected stability)

Confirmed vicariously:
Spectral ca

T

585.17 nm |

e L A L L
sge.0— —— estimated vicariously using Istanbul, Turkey, and

atmospheric absorption feature around 585 nm

HSI Dark frames, 2

f¢«———4min 45554>( T
S|

0.563
(

Lamp swithed on

5 s . 1 N 1 . N 1 N s 1

Source: OHB, DLR
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EnMAP — Sun and Linearity Calibrations Hypmpe -
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EnMAP — Sun and Linearity Calibrations '5,,",, -
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EnMAP

* Like spectral and radiometric characterization,
extensive geometric pre-flight characterization
in laboratory

* After launch, vibrations and gravitational
release demand monitoring of geometric
performance and the possibility of geometric
calibration

* Boresight misalignment angles can be
computed on Earth observations based on

automatically extracted GCPs on EnMAP
scenes and reference Sentinel-2 scenes

* Requirements:

* Geolocation accuracy with GCPs at nadir
look <1 pixel (30 m) w.r.t. reference
images, <100 m without GCPs

* VNIR / SWIR co-registration < 0.2 pixel

CEOS WGCV IVOS 34, 01-September-2022
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EnMAP — Geolocation Accuracy EnMAP .

23.2° westward

tilt
11. June 202
07:23 (UTC)
e al o
g/ » 27.7 e_astwar
- tilt
/ey
3y 12. June 20
07:48 (UTC) Palm Islands,
UAE

CEOS WGCYV IVOS 34, 01-September-2022



EnNMAP — Geolocation Accuracy

* EnMAP (using matching) to Sentinel-2 reference (1 tile)

11.06.2022, Y [pixel]
07:23

Mean Deviation  0.10 -0.64
RMSE 0.24 0.70
i il
07:48

Mean Deviation 0.26 -0.43
RMSE 0.36 0.53

* EnMAP processing (3 tiles)

11.06.2022, Y [pixel]
07:23

RMSE 0.1 0.6
12.06.2022, Y [pixel]
07:48

RMSE 0.3 0.5

5/ 27.7° eastwar

-
q

tilt

12. June 20
07:48 (UTC)

EnMAP

Hyperspe/‘ al Imager

23.2° westward
tilt

11. June 202
07:23 (UTC)

CEOS WGCYV IVOS 34, 01-September-2022
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EnMAP — Product annotation EnMAP

Hyperspectral Imager
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Currently assessed (by June 22):

« EnMAP Products conformant with T T e 07 St
CEOS-ARD for LAND (CARDA4L) at cotecton [ g ST, @
Threshold Specification 2 |

Landsat Landsat
Coue;'.;'nn Te;"l')::;re el w:: .

* CEOS Analysis Ready Data (CEOS-ARD) o .

. EnMAP Ve DLR EnMAP Not assessed
are satellite data that have been Reocwnca =% P
processed to a minimum set of — . . soine- g
requirements and organized into a T scscoter L
form that allows immediate analysis with

.. - Collection Surface o _”
mlnlmum Of addltlonal 208 Reflectance v5.0 USGS & ‘.:4-‘.'- IC:‘: Not assessed
. F— ARD

user effort and interoperability both L
through time and with other vl
datasets. )

, 01-September-2022
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Thanks! LY

Funded by

% Federal Ministry
for Economic Affairs
and Climate Action

Souyce: DLR
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CEOS WGCV IVOS 34, 01-September-2022



