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Overview of the EnMAP
imaging spectroscopy mission

Luis Guanter
on behalf of the ENMAP team
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GFZ  gcientific Principal # » ENnMAP: Environmental Mapping and
Investigator " Proj Analysis Program
Project Management Y g
GFZ Potsdam .. .
DLR Space Administration

» High performance scientific mission

EnMAP Science Team .
covering up to L2 product

oHB #
Space Segment DLR
P & Ground Segment
Sensor Platform Operations Payload Processing
DLR-GSOC DLR-DFD DLR-IMF

» Core funding from the German Federal
Ministry of Economics and Technology

» Currently under construction phase (D)
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ENMAP - Main Mission Parameters

Guanter et al.,
Rem. Sens., 2015

% Sun-synchronous orbit, 11h LTDN
% Push-broom imaging spectrometer

% Spectral range (spectral sampling)
= VNIR: 420 nm to 1000 nm (~6.5 nm)
= SWIR: 900 nm to 2450 nm (~10 nm)

% Swath width 30 km
% Ground sampling distance 30 m
% Revisit time
= 27 d nadir
= 4 d with 309 across-track pointing

i Ground Pixel: < Mission lifetime = 5 years
> 30mx30m
R/ = wgw
FOV Separation: ~ 600 < Data acquisition

N = 1000 km/orbit
i Swath: = 5000 km/day
Pointing Range: 30 km wide
+/- 30° off-nadir




EnNMAP space segment

% Instrument: Independent VNIR & SWIR spectrometers

% Curved prism design to maximize spectral and spatial uniformity

Star Tracking
Tecl)estFOPe Field Splitter VNIR Focal Sensor
ptics Slit
Plane Assembly

Assembly

Telescope
Baffle

Solar
Calibration
Assembly

VNIR
Spectrometer
Optics

Spectrometer
Optics

SWIR Focal
Plane incl.
Cryo Cooler

/{7 HELMHOLTZ
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Onboard calibration units

Radiometric sphere + LEDs: detector linearity and pixel mapping
Spectral sphere + doped spectralon: spectral calibration
Sun diffuser: absolute radiometric calibration

Shutter mechanism: dark signal calibration

SUN / Ve
' ) /" spectral N\~
White LED ( Radiometric Sphere . c d’:’; ration ‘p—’f
IN +1R . |
R o Sphere (
l' '\ ] II'- ",»
Diffuser Protection R \ 7N X
Hatch Entrance SIit
: OBCA .f N 1)
f“\, e \/
T N Halagan Lamps
2N +2R
Actuator EnMAP Cover Structure '- (one operational)
Halogen Lamps ; ,x"
Actuator \ 2N +2R -
B Diffuser Telescope Baffle {one operational)
EARTH “\_Assembly I I
N Calibration
000 I Optics
f \
,-" )3 T T !
/." i Spectrometer
. .\;‘,'_I:w Entrance
| Slit Assembly
Sun Diffuser i~
Hatch Y
Shutter Calibration o
Mechanism ~
(Rotating Mirror Wheel) -
TELESCOPE ﬁHELMHOLTZ
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- - 2007
Spectral & radiometric :
£ VNIR Spectrometer ¢
p e rfo rmance \‘;: 150 SWIR Spectrometer &
E 100
Mean spectral sampllng distance 8 L
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nm in SWIR SN
_ 500 1000 1500 2000 2500
Reference SNR of 400:1 in VNIR = 150 . B B N
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Data acquisition

EnMAP | IPS Portals ) (Courtesy M. Habermeyer, DLR)

[0 My Observation Requests & LuisGuanter Cat-1 ' 2Help | ® Exit

£

Table and Map showing valid datatakes of your submitted

Observation Requests.

To change a datatake’s status, open a Datatake Detail-View by
clicking on (' (column DT:Id). To view a Datatake's swath geometry
use the ¥ icon next to the datatake ID (column DT:id)

DT:Id L Tiles Type (s7)
3 ﬂ 2
LAl (¢ 41 670 LO inProgress
LAl (¢ 40 70 LO inProgress &
Co
A @39 Cs
LAl (¢ 38 7 LO inProgress
LAl (¢ 37 7 LO inProgress
37 4
L4 7 Lo inProgress C ra
[} ’
Al (¢35 7 LO cancellationInProgress Q ’
€ @
200 km _‘
100 mi Leaflet | © OpenStreetMap contributors, © CartoDB, © DLR-EOC EnMAP-PGS, © DLR-GSOC SCOTA service

« Daily acquisition plan driven by user requests and cloud forecast

GFZ Restricted to 1000 km/orbit and 5000 km/day p
Ton N ssoaiArion




EnNMAP end-to-end scene simulations

Objectives:
1) Optimization of instrument design
- Refinement of instrument specifications

Onboard Calibration

- Impact of instrumental effects on Digital Numbers hon-lineeriiy
2) Generating a data base for algorithm development, Dark Signal
validation and calibration —
- Reflectance and radiance for scientific applications Absolute Calibration
- Digital Numbers for Ground Segment Ny
(DN->Radiance) (0]
5 e :
-_g EnMAP Scene Simulator A
© L2 Processors S
5 : : (Radiance-> Reflectance) E"
E Radiometric Module o
"— L] Co-registration 7))
v Spectral Module ™ -
© . : : 3
E Spatial Module Atmospheric Correction =
Segl et al.,, S . 2 =
Atmospheric Module Orth tificati (o)
IEEE JSTARS, I.Io. Atmospheric Nodule orectification S
2012 P Ny
(Reflectance) 000 Output Data (Reflectance)
GFZ « =

ﬁ HELMHOLTZ
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EnNMAP end-to-end scene simulations

Simulation of EnMAP-like L1b and L2 products for development and testing of
data pre-processing and scientific product retrieval algorithms

Many (>100)
simulated EnMAP
data sets already

available

Contact Karl
Segl at GFZ if
you need
simulations for
your study site!

ﬁ HELMHOLTZ
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EnMAP-Box

Focus on the development of Rabe, van der Linden et al. (HU Berlin)

algorithms for the EnMAP-Box:
File List Image Panel
H HY = mage ectra B 155388
i O p e n SOftwa re fo r t h e SCI e n t I fl C o— : A vﬂmp_::un—:_lnqe 4 ﬂ:2:34:(::mapjerhmA_Imagé) [a@][= %\ #2: (Hymap_Berlin-A_Classification-Ground... | = || @ || &
. . -1 Eite xus = Zoom: 0.32 « % = ﬂi_% Zoom: 9.92‘4' " » v 'x;
exploitation of EnMAP data : { o
* Extends ground segment =
W
b eyo n d L2 \ i@?kzxvnnmnMcn
- ——— g |
g ¥ Traini @ B \
. x i 4386.0 | x:139 ;.1:?03 qen-x:391;5;,!£¥—y:552$1,0 Ciass:l,
|Ity Iayer B o A, #1:x139y:103 s@=
ntropy o -
ode 1 Min impurity = 0.000¢
= L]

g | Ay Sy . Download from
&i;_f; NN 2 e www.enmap.org/?g=enmapbox
et al.: EnSoOMAP processor for digital soil z
mapping with EnMAP 7 veLmnoLtz
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Synergies EnMAP & optical multispectral missions

Green Vegetation

0.7
. g-g SPegHRnerS
Sentinel-2 & EnMAP, “
T 0

potential synergies:

J N

1000 1500 2000 2500
Wavelength (nm)

1. Downscaling of
EnMAP data to 10 m

Soil
with sharpening oA L i Sregigzent
techniques FTL S R © ]
= 8 03
2. Exploitation of Bl WiliiiSpectral - Sentinel- 22, &’0-2/
P £ : 90 km swath"& 10-20 m ok 0! i
_SpeC rOSFODIC & e ‘G‘SD & 5; day \2 kS 500 1000 1500 2000  250C
information for ik __tg.-«‘;f Wavelength ()
improved spatio- B s AP TG 006 Water :
. . Spectroscopy ¢
temporal monitoring g PSeniners &
with S-2 % 0.03
3 002
0.01
0.00 - 3
400 500 600 700 800 900
Wavelength (nm)
Guanter et al., Synergies of Spaceborne Imaging Spectroscopy with other Remote
GFZ Sensing Techniques, Surv. Geophysics (2018)
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EnMAP-flight campaigns

Airborne hyperspectral images
and associated in-situ data

provided free of charge to science
community under CC BY-SA Licence

Search metadata portal at
www.enmap.org - data

Datasets published as data
publications (with DOI)

Technical Report will be provided
with each dataset (documentation
of data acquisition, processing,
quality etc.)

GFZ

Data

N T 2 T

http://www.enmap.org/?q=flightbeta |

EnMAP - Flight campaigns

Several hyperspectral airborne flight surveys have been carried out in the frame of the EnMAP preparatory program to support method and
application development in the prelaunch phase. The metadata base below provides details about the campaigns, information about
recorded airborne hyperspectral data sets and other data associated to the respective campaigns like field and laboratory measurements.
Further, it informs about the availability of simulated EnMAP and Sentinel-2 data. Contact details of the data owners are given for
interested researchers regarding data exchange. The data listed in this metadata base is freely available for scientific purposes.

All data on this website are provided free of charge and under a Creative Commons Licence CC BY-SA 3.0 Unported
Licence and is subject to the following terms and conditions:
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Name Application Sensor Product-Level Date v
HySpex VNIR-1600
L1
Idarwald/Hochwald (DE) Forest HySpex SWIR320m-¢ Jun 9, 2014
HySpex VNIR-1600
Id \d/Hochwald (DE F t L1 May 5, 2014
arwald/Hochwald (DE) ores HySpex SWIR320m-e ay
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http://www.enmap.org/

Support to young researchers

PhD Programme: many PhD projects dealing with imaging spectroscopy in Germany
YoungEnMAP: international summer schools and workshops held every year

Upcoming: EnNMAP Box workshop organised by HU Berlin in Feb-Mar 2019
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ENMAP Mission status [N (Courtesy OHB)

% Platform and instrument are being
integrated at OHB

% After solving a major design
problem, the manufacturing of the
flight model SWIR cameras has
started

% Ground segment in implementation
phase at DLR
% Launch: end 2020 - bridge

between Hyperion and SBG (and
CHIME?)

Federal Mi
GFZ 4#7 R |
] and Technology
Thank you for your attention! “relmhaltz Centre
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EnMAP at GFZ: developments
for geology & soil mapping

EnGeoMAP and EnSoMAP processors for

mineral and soil mapping to be
implemented in the EnMAP-Box software

* T

Ea

Chabrillat et al.: EnSOMAP processor for
digital soil mapping with EnMAP

Preprocessing Module
Input: Data Cube Reference Library Color Table

Resampling Library to Target Sensor
Geometric Hull Continuum Removal

Automatic Absorption Feature Extraction

Spectral Module

Sensor or User Specific SNR Thresholding
Weighted Fitting Between Reference Library
and Image Spectrum

Spectral Unmixing Using Bound Value Least Squares
Unmixing Per Pixel With Detected Spectral
Endmembers

Spatial Module
Creation of Best Fit Material Map Using User Defined
Color Scheme

Calculation of Spatio-Spectral Gradients and
Corresponding Hyperspectral Edges

Mineral Exploration Module

Automated Detection of Mineral Exploration
Anomalies (e.g. Gossans, Alteration Zones)

Output

Material Map, Spatio-Spectral Gradients
and Hyperspectral Edges
Mineral Exploration Anomaly Map

Mielke et al.: EnGeoMAP processor for
geological mapping with EnMAP
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VNIR Spectrometar

(visiale and near infrarad)

Sun Presence

Sensors

Calibration Assembly —

SWIR Spacirometsr
(shortwave infrared)

"

Sun presence

Sensors

\\» ;’/’/

Star Senscrs

Telescaope
Assembly

Payload

Antennas
(Front Side)
S-Band
Launch Anlenna
Adapter (Front Side)

Sun Presence
Sensors

S-Band

Antenna
(Back Side)
SUII GPS
Presence Antennas
Sensors (Back Side)
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Key mission characteristics for scientific use of EnMAP

o‘o = Up to 4 days revisit time with tilted obs.

= Ground segment distributing
geometrically-corrected reflectance data

4 = Co-existence with Sentinel-2 & Landsat-8
= = Open data policy for scientific use
¥4
o
8 2000 ]
i E VNIR Spectrometer #
o z 150 SWIR Spectrometer
9 2
A § 100
‘“’E’ i FWHM ~10 nm
e
o g 50
L G
" 0 .
v ReLY "f k 500 1000 1500 2000 2500
» e - Wavelength (nm)
N 30 km swath ] _ _
30 m - High-performance imaging spectroscopy
pixel system for Earth observation
GFZ
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