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Data Quality Control ‘#7
DLR

= Generation of QC-related metadata and flags

= L2A ,Land” product fulfilling CEOS N
Analysis Ready Data CARDA4L requirements

» Automatically generated for each product
» Updated in processed products
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Data Quality Control

= Generation of QC-related metadata and flags

= L2A ,Land” product fulfilling CEOS
Analysis Ready Data CARDA4L requirements

» Automatically generated for each product

» Updated in processed products
= Available already in archived LO products:
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— qualityDetails
overallQuality 0
overallQualityVNIR 0
overallQualitySWIR Q
productScreeningResultStatus Ok
productScreeningFailedGroups NONE
— instrumentStatus
statusOK true
statusVNIR on
vnirNumberChannelsMissing 0
SWIRAorSWIRESelected SWIRA
statusSWIR on
swirNumberChannelsMissing 0
— levellB
qualityRadiometryVNIR 0
qualityRadiometry SWIR 0
stripingBandingVNIR 0
stripingBandingSWIR 0
saturationCrosstalkVNIR 0
saturationCrosstalkSWIR 0
generalArtifactsVNIR 2
generalArtifactsSWIR 14
deadPixelsVNIR 137
deadPixelsSWIR 1509
defectivePixelsVNIR 2
defective PixelsSWIR 13
— leveliC
orbitNumber 8104
orbitDirection DESCENDING
resolution 300
meanGroundElevation 829.939
orthoTemrain 0
orthoRMSE 6
orthoRMSE_x 3
orthoRMSE_y 5
orthoResidual b
orthoResidual_x i1




Data Quality Control
DLR

= Generation of QC-related metadata and flags

= L2A ,Land” product fulfilling CEOS
Analysis Ready Data CARDA4L requwements

» Automatically generated for each product
» Updated in processed products
= Available already in archived LO products:
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Data Quality Control
LR

1. General Metadata
H 1.1 Traceability n.a no
= G t f QC-related metadat d fl T
enera |On O re a e e a a a an a S 1.2 Metadata Machine Readability ok ok
1.3 Data Collection Time ok no
1 HIH 1.4 Geographical Area ok ok
= | 2A ,Land duct fulfilling CEOS S Coor
7] an ro UCt U I In 1.5 Coordinate Reference System ok ok
. . 1.6 Map Projection ok ok
Analysis Ready Data CARDA4L requirements 1.7 Geometric Correction Methods na ok
1.8 Geometric Accuracy of the Data n.a. ok
. 1.9 Instrument ok ok
= Automatically generated for each product 110 Spectal B ok ok
1.11 Sensor Calibration n.a. no
. 1.12 Radiometric Accuracy n.a. no
= Updated in processed products T13 Algoritms
1 uxiliary Data ok no
H H H . 1.15 Processing Chain Provenance n.a no
= Available already in archived LO products: 116 Data Acces o o
A | 1.17 Overall Data Quality n.a. ok
ENMAP.HS| L2 2. Per-Pixel Metadata
2.1 Metadata Machine Readability ok ok
2.2 No Data ok ok
ll 1[ 1] 1] 1 2.3 Incomplete Testing ok ok
[ENMIAP H51.L2A-SPECTRALIMAGE | [ ENWIAP HSI 2A0L | [ENMAPHSLL2A-METADATA | [ENMAP HSLL2AHISTORY | [ ENMAP sl 12A106 | 2.4 Saturation ok partially
2.5 Cloud ok ok
—| Quicklook VNIR LW 2.6 Cloud Shadow ok ok
Quicklook SWIR 2.7 Land/Water Mask n.a ok
m 2.8 Snowice Mask n.a ok
N Quality classes c ”
2.9 Terrain Shadow Mask n.a. no
ENMAPOL-  LO-DTOOCOO00001_20220427T0928452 006_V010001_ 200204287 1450242-HSTORY XML Quality cloud 2.10 Terrain Occuson N3 o
el <A A T e R S ARCEARA SHakty clou shanay 2.11 Solar and Viewing Geometry ok no
Quality haze :] DIMS Product Type 2.12 Terrain lllumination Correction n.a. no
Quality clrrus 2.13 Aerosol Optical Depth Parameters n.a. thd
D DIMS Product Component
Quality snow
Eaa : Product File 3. Radiometric and Atmospheric
Corrections
Defective pixel mask * Not delivered to user
3.1 Measurement ok no
) 3.2 Measurement Uncertainty n.a. partially
01 WERLTIF
7000000000 a1 - =4 | 3.3 Measurement Normalisation n.a. no
AN 163 3.4 Directional Atmospheric Scattering ok ok
3.5 Water Vapour Corrections ok ok
) L& ) < 3.6 Ozone Corrections n.a ok
ENMAPOT LO-DTC000000001_20; 710028447 0 10001 HT145 < ! VNR
ENMAPOL-_ LO-DTOO00000001 2022042770928497 006 V010001 20020428T1450242-VC_DATA_SWIRSIN
ENMAPOL-___ LO-DTO000000001 2022042 7T0928467_006 V010001 2022042871450242-VC_DATA_ VAR B4 A G_f°"""" Corrections
ENMAROL- LO-DTO000000001 2022042 7T0928452 006_V010001_2022042871450242-AL0_DATA SWAROUT 4.1 Geometric Correction ok ok
ENMAPOL- LO-DTOOC0000001_20220427T0928452 006 V010001 20020428T1450242-AUx_DATA WIROUT
ENMAPO1-___ LO-DTO000000001_20220427T0928497_006_VO10001_20020428T1450242-DMTGZ S C EO S C AR D 4L




» Geometric Data Properties
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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

Star  Tracker

Earth surface

EnMAP GS PCV team, German Aerospace Center (DLR), 10.10.2023
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Geometric Performance

+ 01.08.2022 (CP) Fix of attitude processing DLR
» Improvement of absolute geolocation (w/o
matching) os 0.8 %, 0.7%) :

« 20.09.2022 (CP) Boresight Calibration
» Improvement of absolute geolocation (w/o os :

~ Co-registration
. errors over time
matching) ;
* 03.11.2022 (end of CP) 1st Geometric Calibration
» Improvement of absolute geolocation (w/o .
matching) o
* Improvement of VNIR/SWIR co-registration (~0.8
pix -> ~0.4 pix) 03.11.2022 11,02 2023 20.03.2023
« 11.02.2023 (OP) 2" Geometric Calibration . = That—T -
* Improvement of VNIR/SWIR co-registration (~0.4 madel;
pix -> ~0.15 pix) G !
< 29.03.2023 (OP Processor update (v01.02.00) Gerianme et eI oreriap
* Improvement of VNIR/SWIR co-registration (~0.15
pix -> ~0.06 pix)
* 05.05.2023 (OP) Processor update (v01.03.01)
* Improvement of geolocation accuracy
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=> 1 year of data
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Geometric Performance

+ 01.08.2022 (CP) Fix of attitude processing
« 20.09.2022 (CP) Boresight Calibration

* 03.11.2022 (end of CP) 1st Geometric Calibration

. ez |
« 11.02.2023 (OP) 2" Geometric Calibration , (\ 2 = & Tt =t
* 29.03.2023 (OP Processor update (v01.02.00)

* 05.05.2023 (OP) Processor update (v0?

» Improvement of absolute geolocation (w/o
matching) 08 01X 0.1

Co-registration

«  Improvement of absolute geolocation (w/o 0 errors over time
matching) :

(i

e

* Improvement of absolute geolocation (w/o . QQ i

_ARX, 0.157) -

matching) ai (b | 066x006%)
+ Improvement of VNIR/SWIR co-registration (~0.8 S Z Q , :
piX >~04 piX) Q\ ¢ 11002023 29.03.2023

* Improvement of VNIR/SWIR co-registration (~0.4 (Q(b‘
pix -> ~0.15 pix) ; 6\0‘ 6\ . .- D‘m;‘_n;yﬁ m.;,,'~m
~ @ <

* Improvement of VNIR/SWIR co-registrat”
pix -> ~0.06 pix) \S\O
Z

* Improvement of geolocation ~

EnMAP GS PCV team, Ge
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» Spectral Data Properties

Lucinda Jetty, Australia (CIR)

EnMAP GS PCV team, German Aerospace Center (DLR), 10.10.2023
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Spectral Stability Estimation using all Earth Datatakes

DLR

g = . Spectiral shift @ 760' nm Oxyqen feature (92 2023, 6434 tiles) . ir
= : ::_:v'l:’"v "tllvln.t.t.:- _v-'('s.'n
15| - k Approach:

o B Spectral stability better ~0.20 nm ; fit of normalized TOA_rad to range of simulated

£ 1o — spectrally shifted atm. absorption features of

L Lt . i 02 @760 nm, CO2 @ ~2050 nm
0.5 |— YA AR s il
P s i A AP s 153650 Result

- " Groas—track element ® o o Overall good agreement with OBCA
Figure 7-18  VNIR estimated spectral shift at 760 nm w.r.t the nominal band center, and relative spectral stability i i i
expressed at 1 sigma (Q2 2023, 6434 tiles and Interactive anaIySIS

o . Spectral shift @ 2050 nm CO2 feoture (Q2 2023, 6434 tiles) - . Figures:
vof- ‘ S | stability b 0.55 4 Examples for EnMAP VNIR @ 760 nm
W pectral stability better ~0.55 nm E and EnMAP SWIR @ 2050 nm

E i& m ™ i expressed as stdev @ 1 sigma
0.2 :— ;
0.0 :— I 1 I 4

205 Aroe Cross—trock element oo e
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), 10.10.2023

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



EnNMAP — Las Vegas Lights at Night

Spectral calibration matches
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Example: HPS — high pressure sodium lamp
EnMAP

top-left: CIR day

top-right: broad-band
RGB night

right: night-time image
spectra
(noise-surpressed)

First Nighttime Light Spectra by Satellite—By EnMAP

by €23 Martin Bachmann and €2} Tobias Storch " 2

German Aerospace Center (DLR), Earth Observation Center (EOC), Munchener Str. 20, 82234 Wefling, German

EnMAP GS PCV team, German Aerospace Center (DLR), 10.10.2023 Remote Sens 2023, 15(16), 4025, https://dol.org/10.3390/rs15164025



» Radiometric Data Properties

and Data Artefacts

Desert Playa, Peru
EnMAP GS PCV team, German Aerospace Center (DLR), 10.10.2023 (SWIR, PC-Transfo.)




Striping / Fixed Pattern Noise
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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

EnMAP GS PCV team, German Aerospace Center (DLR), 10.10.2023 1st mission quarterly report — https://www.enmap.org/mission/



Striping / Fixed Pattern Noise
DLR
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Figure 6-26  Principal Component Analysis (PCA) highlighting along-track striping
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Blue line: typical EnMAP FPN values; orange line: typical Sentinel-2 FPN values; dashed blue: EnMAP RNU requirement (0.5%); (@ 44 HZ, frame rate 230 HZ => 52 plX)
dashed red: Sentinel-2 FPN requirement (0.2%) . . . .
magnitude well within requirements

Figure 6-21  Fixed Pattern Noise (FPN) analysis using methodology proposed for Sentinel-2

EnMAP GS PCV team, German Aerospace Center (DLR), 10.10.2023 1st mission quarterly report — https://www.enmap.org/mission/




Radiometric Offset of
VNIR-SWIR Overlap

= Non-linearity effects, esp. at
low radiance levels identified
as root cause

* Improvements for CAL under
Investigation

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

But co-registration errors
can add on top of the
radiometric effect.

—_—

* L1C: pixel reported is
really dark... and ,jumps”
are cleary visible in spectra

Figure 7-25 L1C radiance spectra of the reported pixel in comparison to spectra of other image locations.

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

4th mission quarterly 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)

EnMAP GS PCV team, German Aerospace Center (DLR), 10.10.2023 1st mission quarterly 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%)

EnMAP GS PCV team, German Aerospace Center (DLR), 10.10.2023 1st mission quarterly 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: >t

» 230:1 @ 2200 nm (requirement: >

= Dead pixels (in orbit, total):

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

= Saturation level: see plot

Figure 7-2 SWIR saturation estimatedin lab (FWC-based) and derived from scenes

EnMAP GS PCV team, German Aerospace Center (DLR), 10.10.2023 1st mission quarterly 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%)

= Saturation level

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

= Fringing in VNIR (CMOS detector) as expected

EnMAP GS PCV team, German Aerospace Center (DLR), 10.10.2023 1st mission quarterly report — https://www.enmap.org/mission/



Instrument Monitoring
DLR

VNIR optical path temperatures
EARTH LO products from 2023-09-01 to 2023-09-30
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Changes in Instrument & Data Products
DLR

= SWIR band configuration changed ) :ﬁ i s E
on July 5, 2023, 4 T (S T
as requested by users & EnSAG t * W TN TS ‘ g

S N G g
2 | 9 i S oV i
= Important: S

when addressing by band number

(and not by wavelengths), e S s g ey s . ot bond e (@i )

then SWIR bands #45to #75 E A Wr—u /

(full cube bands #136 to #167) . — - | :

are shifted by one band between o T AW

periods before / after 05.07.2023 n— l emsiee LN /
e \ [ A

Boseine

[
g
3
o
r
wn

od T

Removed bands 73, 74, 75

EnMAP GS PCV team, German Aerospace Center (DLR), 10.10.2023




L1B TOA rad & L2A BOA ref Validation
DLR

» Independent validation lead by GFZ
» see presentation by Max Brell

Additionally within the GS @ DLR: PACO L2A BOA_REF validation
= Routine EnMAP validation of EnMAP — DESIS - RadCalNet

TOA _rad & BOA _ref —m;

09:43 (256%,409°) (59°,1022°) 030+ 16202

over RadCalNet and PICS ] [ ] R R e i g .
= Airborne & field campaigns 17e0s N

at Panzerwiese site ~ w

+ DESIS
¢ RadCalNet
& EnMAP

RadCaiNet  08:00 — (0", 0%) 0.31£0.01

| ' : ) A |
De Los Reyés, et al, 2023, IGARSS 2023 |

E %

W W ogn s

o i T T (s  Within errors all sensors
A ' are measuring the same

500 GO0 700 S0 900 1000
Wavelength (nm)

EnMAP GS PCV team, German Aerospace Center (DLR), 10.10.2023




Thank you for your attention

AT

EnMAP Ground Segment
Mission Quarterty Repoct #04

= For performance on the processing chain, = i e E

DLR

Remote Sensing of Environment

data quality, external validation results, and = s o o A

Se e M I SS I O n Q u arte rly R e po rtS at ' EI‘IM‘-,_ : .P 'l'hé EnMAP imaging spccuosco.py mission towards operations ‘::
https://www.enmap.org/mission/ I»'\ Tols S, o et Honld, Ssine O, Mar Hobermeyr. P T
remote sensing Mo

= For full description in QC-related metadata and flags

Analysis-Ready Data from Hyperspectral Sensors—The Design
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