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EnMAP — Mission

Parameter Value

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
control points)

SWIR

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

Pointing Range
+ 30°off-nadir

Source: DLR, OHB

Ground Segment 2

EnMAP

Hyperspegtral Imager

* On-Board Calibration
VNIR Equipment
420 nm < A <1000 nm e Orbit:

(95 SpeCtI’a/ bandS, 65 nm)o Sun_synchronous’
SNR > 500 @ 495 nm 11:00, 398/27

* Launch:
e 12/2021

__— Ground Pixel Size

30m x 30 m

Covered Area/Day
5000 km x 30 km

/Val Working Group Webinar, 23-July-2020




EnMAP — Hyperspectral Instrument

Star Tracking
Sensor
Assembly

Telescope Field Splitt
Optics e UNIR Focal

Assembly Plane

Solar
Calibration
Assembly

SWIR Focal
Plane incl.
Cryo Cooler

Ground Segment 3 ng Group Webinar, 23-July-2020

EnMAP

Hyperspegtral Imager
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* 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)
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EnMAP

White | %
Spectralon g

Halogen Lamps
(redundant power)
(hidden)

Redundant
LED
(hidden)

* White Spectralon
[relative radiometric]

* Doped Spectralon
[absolute spectral]

Closed

Focal Plane
| 4 KShutter LED
Earth (hidden) o Focal Plane LED
=—Observation /% —Telescope=—p =Spectrometers®  [linearity]
Deep Space

Source: OHB
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EnMAP — On-Board Calibration Equipment

REDUNDANT
PHOTODIODE

HALOGEN LAMPS
(REDUNDANT IPU)

HALOGEN LAMPS
(REDUNDANT IPU)

EnMAP Cover Structure

MAIN SPHERE
(WHITE SPECTRALON)

REDUNDANT
LED

SPECTRALON

NOMINAL
PHOTODIODE

HALOGEN LAMPS
(NOMINAL IPU)

HALOGEN LAMPS
(NOMINAL IPU)

vavd

as

Hdd

SLIT ASSEMBLY

SHUTTER/
CALIBRATION
MECHANISM

Source: OHB

®oeds deaQg
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EnMAP — White Spectralon [In-Flight]

Calibration frames Calibration frames Calibration frames
Swit M e SCM Switch SC Clo CM
Dark frames, 2 gains Dark frames, 2 gains Da;kgf;eilrr;es,
Radiance Level 1 lance Level -t Radiance Level 5
o o o
o o o
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4500 w000 VNIR sensor — o f
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[ * White Spectralon
) e [relative radiometric]
3000
] Waveisnath () o 1/ =~ * W ee k | y
g 20 | / * Full optical system: Not telesc.
Il evel 3
2000 7 ¢ Aging known: Medium
1500 5 * For Calibration Coefficients: No
LeveZl /
1000 rJ
Levezl // =
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o —
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EnNMAP — Doped Spectralon [In-Flight]

Calibration frames 25 .
Switch SCM Close SCM H |g h
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* Full optical system: Yes
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EnMAP — Sun [in-Flight] & Linearity [In-Flight]

VNIR SUN Spectra - High Gain

— Pixel v
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A max. trend line: m,,
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e Sun Calibration
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Orbit and
Spectral Channels  Attitude
Products

Level 0 Processor
Transcription and
Screening

Data Quality Control Routines

v

EnNMAP —

Level 1B Processor
Systematic and
Radiometric Correction

| Data Quality Control Routines

Earth
Measurements, l

calibration

Level 1C Processor

Long-Term
Archive

Geometric Correction
Orthorectification

Calibration i

Data Quality Control Routines

Calibration
Measurements Products Level 2A Processor

Atmospheric Correction

Land and Water

In-Flight Calibration ) )
Spectral, Radiometric, and Geometric Data Quality Control Roufines

In-Flight Calibration
Calibration
Products
and
Measurements

Pre-Flight Calibration

Pre-Flight Calibration
Spectral, Radiometric, and Geometri

Source: DLR

Ground Segment 11

Independent Validation
Reports

Data Quality Control
c Reports

P> L1B Product

—C U-+H4CO

P> L1C Product

TOMWLOMOOXNT

L2A Product

.

Data Quality Control
for selected observations

_(

Independent Validation

for selected reference sites

Tt

l EnMAP GS / EnMAP SS / User community l

Ground-based,
Air- and Space-borne
Products

Processing Workflow

ng Group Webinar, 23-July-2020

EnMAP

Hyperspegtral Imager

/l ,,|\\\\\

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



pu

Dead Pixels Map

¥

Saturated and Dead Pixels Flagging

pu

Non-Linearity LUT

Closed Shutter
Measurements

¥

Non-Linearity Correction

EnMAP

Hyperspex

EnMAP

I Imager

l\\\\\\

—

VNIR
Calibration
coefficient
table

Calibration coefficients for:
Low Gain VNIR (LV), High Gain
VNIR (HV)

for (channel)
for (pixel)

GetGainMatchingC
oeff(float)
for (pixel)
GetRNU(float)
for (channel)

Calibration Coefficients

ICalCoeff(float)

(256 x 1056 x 2 +
256) x 4 Bytes
Gain matching
coefficients and
RMNU per pixel,

Cal coefficients per
channel

Type SINGLE

Dark Signal Correction

pu

Gain Matching

for (channel)

(256 x 1024 x 2 +

<

Stray-Light Matrix

used for: Dead Pixels Map,
Signal-to-Noise Information

Relative Radiometric
Reference

Stray-Light Correction

pu

=

Averaging for each Illlumination Level

pu

-

Comparison Ref. and Measurement

(1st: based on (radiometric)
pre-flight calibration campaign)

Source: DLR, OHB

oK ¥

SBG Cal/Val Working Group Webinar, 23

Spectralon or Sun Calibration

based pn Sun Calibration | for (pixe) 356) x 4 Bytes
SWIR Calibration coef[iciems for: GetGainMatchingC f{i?ﬁg:ﬁglggd
Calib_ra_tion LowrGam (L), High Gain (H) oeff(float) RNU per pixel,
coefficient nominal SWIR (S), redundant for (pixel) Cal cosfficients per
table SWIR (R) for(c(r?;gﬁgllg.l(ﬂoat) o
GetCalCoeff(float) | 1YPe SINGLE
Relative Radiometric
Reference
Update Relative Radiometric
Reference
not OK 4 Repeatable: Yes
» Request for (repeated) White

-July-2020

* Repeatable: No



Closed Shutter
Measurements

Source: DLR, ESA, JAXA, OHB

Ground Segment 13

A4

Saturated and Dead Pixels Flagging

) 4

Non-Linearity Correction

) 4

Shutter Thermal Emission Correction
for SWIR

) 4

Dark Signal Correction

P

Gain Matching

.

Stray-Light Correction

P

Spectral Referencing

P

Conversion to At-Sensor Radiances

) 4

Data Quality

g Group Webinar, 23-July-2020

Hyperspe ager

EnMAP ul\\\

Earth Observation
Calibration

* 3

gital Number
hstrument]

V-cm-2-srt.um-?
ssensor radiance]

e.g., spaceborne
ALOS/AVNIR-2

\ 4



EnMAP

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

But 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

Assessment on quality of geometric data based
on automatically extracted GCPs

EnMAAP
Hyperspegtral Imager

200 |

400 -

600

800

1000 |

1200

0 200 400 600 800 1000 1200
y [pixels] Source: DLR

SBG Cal/Val Working Group Webinar, 23-July-2020



EnMAP

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

But launch

demand m
and the po - Geolocation accuracy at nadir look <1 pixel (1 o)

w.r.t. reference images

Boresight | N / SWIR co-registration < 0.2 pixel
on Earth o

reference Sentinel-2 scenes 800

1000 |

Assessment on quality of geometric data based

EnMAP
Hyperspegtral Imager

&
SN,
&% s

on automatically extracted GCPs

SBG Cal/Val Working Group Webinar, 23-July-2020

400 600
y [pixels]

800

1000 1200
Source: DLR
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EnMAP — Product annotation

* EnMAP products metadata

e CARDAL self assessment: , Threshold® will be achieved with foreseen
metadata update

# Item ini i COMMENTS BY
1.1 |Traceability i

Item Threshold
Measurement Pixel values that are expressed as a measurement of

1.2 |Metada:

q Target (desil quil

Metadata is provided in a structure that enables a As threshold, but metadata is formatted in accordance with 1SO
computer algorithm to be used to consistently and 19115-2.

automatically identify and extract each component
part for further use.

No data Pixels that do not correspond to an observation As threshold.
(‘empty pixels’) are flagged.
Incomplete testing The metadata identifies pixels for which the per-pixel The metadata identifies which tests have, and have not, been
tests (below) have not all been successfully successfully completed for each pixel.

completed.

Note 1: this may be the result of missing ancillary

1.3 |Data coll

1.4 |Geograp

could be added by extending the quality flags

3.4 |Aerosol data for a subset of the pixels.
i 2.4 Metadata indicates where one or more spectral Metadata indicates which pixels are saturated for each spectral
15 |Coordin ! P inct ch Pl P can be easily done. But this would imply that the
bands are saturated. band. N N N N N
quality quicklook will largely increase in size.
1.6 |Map pro — — - - - - — -
2.5 |[Cloud Metadata indicates whether a pixel is assessed as As threshold, with referencing (DOI) to a peer-reviewed algorithm can be done - currently no publication available for
being cloud for cloud detection. "land"
2.6 |Cloud shadow Metadata indicates whether a pixel is assessed as As threshold, with referencing (DOI) to a peer-reviewed algorithm can be done - currently no publication available for
1.7 |Geomet being cloud shadow. for cloud shadow detection. "land"
2.7 |Land/water mask Not required The metadata indicates whether a pixel is assessed as being land or L .
N . ) can be done - currently no publication available for
water. The metadata references a citable peer-reviewed algorithm, "and"
1.8 expressed as a DOI.
3.5 |Watervapourcorrd2-8 [Snow/ice mask Not required The metadata indicates whether a pixel is assessed as being

the mask is called "snow" but actually flags both snow
and ice. Both are indistingible in the current software.
Reference documentation the same as for the rest of
masks.

snow/ice or not. The metadata references a citable peer-reviewed
algorithm, as a DOI.

Terrain shadow mask Not required The metadata indicates pixels that are not directly illuminated due
i to terrain shadowin P v can be done - but only possible when DEM is provided
8 and the accuracy will depend on the DEM itself.
Terrain occlusion Not required The metadata indicates pixels that are not visible to the sensor due

to terrain occlusion during off-nadir viewing.
The solar incidence and sensor viewing angles are identified for each
pixel, including coefficients used for terrain illumination correction.

Illumination and viewing geometry |Not required

currently, we are providing these values for the corners

Ozone correctiol and the center of the scene. Could be extended.

Directional scattering in the Not required

Aerosol optical depth parameters Not required



EnMAP

Hyperspegtral Imager

EnMAP — Quality control and Validation ’/1"\\\\\\

EnMAP GS (DLR): Operational

Delivers user products (L1B, L1C, L2A) to end-users using latest
calibration

Monitors and updates calibration parameters using in-flight calibration
Performs Quality Control activities on user products
Performs Monitoring of Instrument parameters

,r_—ﬁ?—\

Validation Entity (GFZ): e /pec' | e "
* Comparison of user products to  / i»e - e > ‘ T
absolute references at selected , D e
reference sites ! st == DU |
* Validation of atmospheric produc}ts ekt : P g Damouly o7
+ Activities considered ‘scientific’ | / e _/
rather than ‘operational’ \ e

« Use of flight campaigns > () ()

Ground Segment 17 SBG Cal/Val Working Group Webinar, 23-July-2020

— — -



EnNMAP — GS Quality Control

* Checks:
* Radiometric performance
Spectral performance
Geometric performance
Quality of L2A products
In depth analysis of selected scenes
Anomalies

>
n

spatial dimension

R
7))
.
(b]

=
=
Ch
R )
)
Ha L)
O
=

* Combination of automated processes for
each product

* e.g. striping artefacts
* meta and image data

* And interactive procedures for
selected products
* e.g. cloud classification
* reports

Source: DLR

Ground Segment 18 p Webinar, 23-July-2020



EnNMAP — GS Quality Control

* Checks:
* Radiometric performance
* Spectral performance
Geometric performance
Quality of L2A products
In depth analysis of selected scenes

>
n

spe"ytral diffiensio

* Anomalies Bl o et
Mormalized mean DM per column, band 31
* Combination of automated processes for z [ _
121+ .
each product = ]
ik
* e.g. striping artefacts = L ]
. - 1.1k —
* meta and image data @ i |
T | ]
. . E 1ol
* And interactive procedures for s L W
selected products aal

* e.g. cloud classification a0 100 {180 200 ZR] 340
Cross—track detector zlement
* reports

Source: DLR

Ground Segment 19 oup Webinar, 23-July-2020



EnNMAP — GS Quality Control

* Checks:
* Radiometric performance
* Spectral performance
Geometric performance
Quality of L2A products
In depth analysis of selected scenes
Anomalies

* Combination of automated processes for
each product

* e.g. striping artefacts
* meta and image data

* And interactive procedures for
selected products

* e.g. cloud classification
* reports

0.8

Source: DLR

Ground Segment 20
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E",'%ma .

EnMAP e —— L

* Checks: X G

* Radiometric performance

Spectral performance
Geometric performance
Quality of L2A products
In depth analysis of selected scenes
Anomalies

* Combination of automated processes for

eaCh prOduct Gross—track profiles of normalized Oxygen absorption depth @ 782 nm for 5 coenes
* e.g. striping artefacts
* meta and image data

* And interactive procedures for
selected products
* e.g. cloud classification
* reports

Left: CIR composite of affected area in [L1B-2], nonlinear image stretch. Center: Snow mask (empty) for same
Source: DLR area. Right: Cloud shadow mask for same area containing terrain shadows.

SBG Cal/Val Working Group Webinar, 23-July-2020



Validation from scene-based
data analysis

* Sophisticated models /
processing not part of
operational activities by
EnMAP GS

Comparison of EnNMAP user
products to in-situ

measurements (land or water) -
More data sources considered

(Aeronet, RCN, AERONET-OC,
MOBY, partners/collaborators)

Ground Segment 22

"% Aerosol Optical Thickness \
I o

In-situ atmospheric and
reflectance data concurrent to
EnMAP overpass

| Working Group Webinar, 23-July-2020

EnMAP — Independent validation by GFZ

HSI Spectral

Model

Radiative
Transfer
Model

)

- :; o0

Radiance

Hyperspe ager
1” \\\\
Simulated EnMAP

TOA Radiance |

Real EnMAP |
TOA Radiance




EnMAP

Hyperspedtral Imager

: "\\\
EnMAP — Independent validation by GFZ \\

Field Guides

> Spectral Measurement

> LA Measurement

> Chlorophyll Measurement
> Soil Moisture

* Validation from scene-based e

Sampling Strategies

data analysis S

e Sophisticated models / T
processing not part of
operational activities by
EnMAP GS

 Comparison of EnNMAP user
products to in-situ
measurements (land or water)

* More data sources considered
(Aeronet, RCN, AERONET-OC,
MOBY, partners/collaborators)

e Campaign information on the
EnMAP campaign portal

EnMAP Campaign Portal

Hyperspectral airborne campaigns have been carried out in the frame of the data itation and applicati program of the
German Environmental Mapping and Analysis Program (EnMAP) to support method and application development in the prelaunch phase of the
EnMAP satellite mission. A metadata portal (EnMAP Campaign Portal) has been set up providing general information about the campaigns,
recorded airborne hyperspectral data sets, other data i to the respecti igns like field and laboratory measurements and a
number of field guides for in-situ data acquisition. Furthermore, it informs about the availability of simulated EnMAP and Sentinel-2 data for
the respective campaign region. Further description of the EnMAP Campaign Portal can be found here: DOI

All data on this website are provided free of charge and under a Creative Commons Attribution- [#icreative Commons Lizenzvertrag
ShareAlike 4.0 International License and is subject to the following terms and conditions:
— JiVereinigtes 7 » ] P
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EnMAP

Hyperspegtral Imager

WWW.enmap.org L\

More information on
Mission & Applications

e Campaign Portal

Simulated Scenes

Test Data products

-t . ¥ .
~ A~ .

. :
e
z -
-

Supported by the DLR Space Administration with funds

* Federal Ministry of the German Federal Ministry of Economic Affairs and
k> | for Economic Affairs ; i
aiid Exr Energy on the basis of a decision by the German

Bundestag (50 EE 0850).
Source: DLR, OHB
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