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EnMAP mission overview:

= Mission status Miguel.FigueiredoVazPato@dlr.de
= |n-orbit calibration David.Marshall@dir.de
= Data quality control Martin.Bachmann@dir.de

EnNMAP GS manager:
EnMAP PCV team:
= Processors

= Calibration
= Quality control
* [nstrument monitoring

EnMAP GS PCV team, German Aerospace Center (DLR), 27.09.2023
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Spectral Pre- to Post-Launch Changes

Results from
spectral
validation

for pre- to

1st post-launch
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tables
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Spectral Stability Estimation using all Earth Datatakes
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Figure 7-19  SWIR estimated spectral shift at 2050 nm w.r.t the nominal band center, and relative spectral stability
expressed at 1 sigma (Q2 2023, 6434 tiles)

EnMAP GS PCV team, German Aerospace Center (DLR), 27.09.2023 4th mission quaterly report — https://www.enmap.org/mission/




EnNMAP — Las Vegas Lights at Night
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Spectral calibration matches
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Example: HPS — high pressure sodium lamp

First Nighttime Light Spectra by Satellite—By EnMAP

by 2} Martin Bachmann &'© and §2) Tobias Storch "

German Aerospace Center (DLR), Earth Observation Center (EOC), Manchener Str. 20, 82234 Weliling, Germany
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Striping / Fixed Pattern Noise
DLR
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Figure 6-21  Fixed Pattern Noise (FPN) analysis using methodology proposed for Sentinel-2 Figure 619  VNIR mean cross-track pixel-to-pixel difference

1st mission quaterly report — https://www.enmap.org/mission/



Striping / Fixed Pattern Noise
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Figure 6-26  Principal Component Analysis (PCA) highlighting along-track striping
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Figure 6-21  Fixed Pattern Noise (FPN) analysis using methodology proposed for Sentinel-2

1st mission quaterly report — https://www.enmap.org/mission/




Radiometric offset of VNIR-SWIR
overlap for dark targets A

really dark... and ,jumps”
are cleary visible in spectra

* Non-linearity effects at low
radiance levels idetified as
root cause

= Improvements for CAL under e =l
i nVe Sti agti O n Figure 7-25 L1C radance spectra of the reported pixel in comparison to spectra of other image locations.

Spectr

= Geometric co-registration is
not the root cause, as jump
occurs also for spatially
homogeneous areas

Figure 7-27 lllustration of VNIR-SWIR overlapping region using L1C data.

4th mission quaterly report — https://www.enmap.org/mission/



Other parameters A#y
DLR

» Estimated SNR (30% reflectance, 30° sun incidence angle, 21 km visibility,
target 500 m above sea level)
» 620:1 @ 495 nm (requirement: >500:1 for VNIR, low gain)
» 230:1 @ 2200 nm (requirement: >150:1 for SWIR, high gain)

1st mission quaterly report — https://www.enmap.org/mission/




Other parameters ‘#7
DLR

» Estimated SNR (30% reflectance, 30° sun incidence angle, 21 km visibility,
target 500 m above sea level)
* 620:1 @ 495 nm (requirement: >500:1 for VNIR, low gain)
» 230:1 @ 2200 nm (requirement: >150:1 for SWIR, high gain)

= Dead pixels (in orbit, total):

= VNIR: 137 (0.2%)
= SWIR: 1784 (1.2%)

1st mission quaterly report — https://www.enmap.org/mission/




Other parameters A#y
DLR

» Estimated SNR (30% reflectance, 30° sun incidence angle, 21 km visibility,
target 500 m above sea level) e e

200 — —

» 620:1 @ 495 nm (requirement: >500:1 for VNII
» 230:1 @ 2200 nm (requirement: >150:1 for SWI

[mW sr—1 em—2 pm—1]

= Dead pixels (in orbit, total):
= VNIR: 137 (0.2%)
= SWIR: 1784 (1.2%)
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= Saturation level: see plot
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Figure 7-2 SWIR saturationestimatedin lab (FWC-based) and derived from scenes

1st mission quaterly report — https://www.enmap.org/mission/



Other parameters ‘#7
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» Estimated SNR (30% reflectance, 30° sun incidence angle, 21 km visibility,
target 500 m above sea level)
* 620:1 @ 495 nm (requirement: >500:1 for VNIR, low gain)
» 230:1 @ 2200 nm (requirement: >150:1 for SWIR, high gain)

= Dead pixels (in orbit, total):
= VNIR: 137 (0.2%)
= SWIR: 1784 (1.2%)

= Saturation level

Figure 6-23  Fringing of the VNIR, Principal Component-transformed data

= Fringing in VNIR (CMOS detector) as expected

1st mission quaterly report — https://www.enmap.org/mission/



Geometric Processing

« Extraction/interpolation of orbit and attitude data

» Extraction of DEM from DEM database (Copernicus
GLO-30)

» Extraction of reference image from database (custom
built Sentinel-2 database)

« Matching of EnMAP image to reference image and
improvement of sensor model

* RPC generation

*  RMSE calculation

* Orthorectification of image and merging of VNIR and
SWIR images

body
Sensor

r

Star  Tracker

sensor
S rOb,uect

Sensor

Earth surface

EnMAP GS PCV team, German Aerospace Center (DLR), 27.09.2023
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Geometrlc Performance

01.08.2022 (CP) Fix of attitude processing
Improvement of absolute geolocation (w/o

matching)

« 20.09.2022 (CP) Boresight Calibration
Improvement of absolute geolocation (w/o 06

matching)

* 03.11.2022 (end of CP) 1st Geometric Calibration
Improvement of absolute geolocation (w/o

matching)
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Improvement of VNIR/SWIR co-registration (~0.8 S Z

pix -> ~0.4 pix)

« 11.02.2023 (OP) 2" Geometric Calibration
Improvement of VNIR/SWIR co-registration (~0.4 (Q(b‘

pix -> ~0.15 pix)

\\
« 29.03.2023 (OP Processor update (v01.02.00) eéo
Improvement of VNIR/SWIR co- reglstrat"

pix -> ~0.06 pix)

* 05.05.2023 (OP) Processor update (v0?

Improvement of geolocation = o)

EnMAP GS PCV team, Ge
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Overlap ~48%

. Co-registration
- errors over time
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T

11.02.22023

29.03.22023

Overlap ~72.2

% Overlap ~88%

DLR



L1B TOA rad & L2A BOA ref validation 4#7
DLR

* Independent validation lead by GFZ
» See presentation by Max Brell

Additionally within the GS @ DLR:

* Routine ENMAP overpasses over RadCalNet and PICS
= For EnNMAP ,only” validation / DESIS: radiometric calibration
» Examples: see next slide

= Airborne & field campaigns at Panzerwiese site (north of Munich)

» 2 HySpex campaigns, ASD & SVC spectrometers + Microtops
=> calibration lab. tour by A. Baumgartner

EnMAP GS PCV team, German Aerospace Center (DLR), 27.09.2023




TOA _RAD Vicarious Validation
Examples for RadCalNet & PICS DLR
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PACO L2A BOA REF validation Ve, 4#7
EnMAP — DESIS — RadCalNet * DLR
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EnMAP
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CEOS ARD - Status A#y
DLR

* ENMAP L2A ,Land”
= Assessment completed in 2022

= EnMAP L2A ,Water"

= Discussion with CEOS & USGS, now internal evaluation if / how to provide all required
metadata (esp. Masks)

* TIMELINE AVHRR ,Land Surface Temperature”

= Composite product, discussion with CEOS started if / how to include this

= ... also Radar products in progress

EnMAP GS PCV team, German Aerospace Center (DLR), 27.09.2023



