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Imaging Spectroscopy

(Hyperspectral Imaging)
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Imaging Spectroscopy

Each spatial pixel in the image contains a spectrum of the
light arriving at that sensor element

Hyperspectral - - Amount of data is significantly larger than in the case of

Multispectral I I I .
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visible Infrared Electromagnetic

spectrum

i DLR

normal RGB imaging or multispectral imaging (e.g. Sentinel 2
or Landsat)
» Hyperspectral image typically contains > 100 spectral
channels in one pixel

More information about materials and physical processes
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Imaging Spectroscopy

* Measured spectra affected by transmission through the
atmosphere and reflectance of material being imaged

Hyperspectral - I
Radiance spectra of vegetation
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Imaging Spectroscopy

* Measured spectra affected by transmission through the
atmosphere and reflectance of material being imaged

Hyperspectral - I
Radiance spectra of vegetation

c 4 +
= [ [ .
sf 8 S 8 Vegetation
-y g 8 Parameters
Multispectral -2 g sz
= 12" o o o oo
i [ = > o = .
t [ 5§ = 2 I=
£ ol 2 ¢ T S
E 5 O :
= r 2 2 s 9
RGB = ‘g 3 = 3
=6 £ < € 2
ol - i g 3
c L
| | 3l v l
\ i :} x 3 _—
o Wavelength -
visible Infrared Electromagnetic ol
1 . | \ 1 . . : . ! ) L .
spectrum 05 0.7 09 1.1 1.3 15 17 1.9 21 23 25

Wavelength [pm]

.




DLR.de + Chart6 Status and results of the EnNMAP Mission

Imaging Spectroscopy Space Missions
HICO (ONR), end of operations 2014, Source:
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EnMAP Mission

DLR
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EnMAP Mission

« EnMAP (Environmental Mapping and Analysis Program) is a
spaceborne German hyperspectral satellite mission to
monitor and characterize Earth’s environment at a global
scale.

» Main goal is to provide accurate information on the state and
evolution of terrestrial and aquatic ecosystems for research
In various fields like agriculture, geology, soils, urban areas,

% P coastal and inland waters.

Project Management Investigator
. . GFZ Potsdam
DLR Space Administration

EnMAP Science Team

 EnMAP will provide scientific data for measuring climate
o et & o change impact, anglyz_e Iar_ld cover change an.d Sl_J_rface
sment processes, study biodiversity, study water availability and
Seme quality, analyze natural resources and provide hazard and
risk assessments.
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EnMAP Image Acquisition

 Like most hyperspectral
missions, ENMAP uses a push-
broom approach, all 223
spectral bands are acquired
simultaneously over an area of
30 Km x 30 m

 EnMAP products delivered as
tiles of 30 Km x 30 Km

 EnMAP design to acquire 5000
Km (along-track) of data per
day
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syncrhronous

Orbit height | 653 Km
Orbit Period 97 minutes

27 days
orbits)
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EnMAP Preparation

B




EniA

Launch and start of operatio

Source: SpaceX

 EnMAP launched on 13t April 2022 on a SpaceX Falcon 9 rocket from Cape
Canaveral

« Commissioning Phase successfully closed. Start of routine operations
November 2022

» Today ~30000 Products of 30x30 km archived and ready to download
T+00:00:08 7 . e rﬁ -

A e B -
Source: SpaceX W/ : N2 e ;,
A e ! y I il f ‘.
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27. April 2022 1st EnMAP Image

09:29 (UTC)
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Spectral Profiles [Top—Of—Atmosphere Radiance)
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Processing chain and EnMAP Products

Orbit and
Spectral Channels Attitude
Products

Level 0 Processor
Transcription and
Screening

Data Quality Control Routines

3

Earth

Long-Term
Archive

Calibration
Products

Calibration
Measurements

In-Flight Calibration
Spectral, Radiometric, and Geometri

In-Flight Calibration

)

Calibration
Products
and
Measurements

Pre-Flight Calibration
Spectral, Radiometric, and Geometri

Pre-Flight Calibration

)

Source: DLR

Level 1B Processor
Systematic and
Radiometric Correction

Measurements, l
calibratio

n

Data Quality Control Routines

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

= L1B Product

H4—C  Uv4H4CO

> L1C Product

DOnLmmMmOOXUT

L2A Product

.

Data Quality Control
for selected observations

_(

Independent Validation

for selected reference sites

Tt

[EnMAP GS/ EnMAP SS / User community

| i DLR

Ground-based,
Air- and Space-borne
Products

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.
Dedicated L2A water processor (2 types of
water products)

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

Quality Control (GS) and Independent
Validation (GFZ) performed on user products

EnMAP L2A data complaint
with CEOS CARDA4L at

threshold speC|f|cat|on
WI R
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IN-Orbit Validation

TOA Radiance Uncertainty 110
, . . . .
m | +  Accuracy . Radiometric Validation . i
¢ Pre(115101.’1 e — : N I R -
B Uncertainty % 100 . N 225 o Ra
- BN 5%-Miscalibration & — D sl ]
‘ 0.95 “ °a
g S -
an
%:J NV‘ o 20 40 a0 80 100 120 140 160
|
E 1.10
= . . ..
Radiometric Stability .|
£l o B P Y
-154 & N : B | L
0.95 - -
500 1000 1500 2000 2500
Wavelength [nm] 0.90
: o] 2‘0 4‘0 6‘0 BIO 160 12‘0 14IIO léO
Reflectance Uncertainty days since launch
EM5E
L 80 Mean Deviation
0.059] « Accuracy 20 ] 10
@ Precision 70 Absolute geolocation ., VNIR SWIR co-registration
00411 W Uncertainty Geometric Performance ~
----- Requirements 60 > Requirements o8
= 0.03 g
) 50 E
=] 06
= 0.02 10 & ] I
] g & oo 05 .
o
£ 0.01 30 & o *eeede
E s . . . LI P
0.00 20 . gl - L
=0.01 Reflectance Validation o1 { g 5
0 < 20 00 Lmmmmme i Requirements

0.3 0.4 0.5 0.6 0.7 0_8 . . L v o e e e e 20 00 01 02 03 04 0s 06 07 08 09 10
Reflectance [0. - 1.]

@CTB Geo VO1.01.00 @ CTR Geo VO1.02.00




DLR.de * Chart19  Status and results of the EnNMAP Mission

How to get ENMAP Data

« EnNMAP data access portal has two main entry points: new observations (1) and archived data (2)

1. EnMAP Instrument Planning Portal
) UserRartal = © UsenRegistration https://planning.enmap.org/

Where users can register, submit proposals
(necessary to task the instrument) and request
future EnMAP acquisitions

Proposal @ Observation Request Portal

————

EnMAP Observation Requests, Planning Support for Observation
EnMAP Proposals, Announcement of Opportunity Processes, Reviews, Request Single Pass Coverage Acquisitions.

Up and Download of proposal-related Files.

& Cat-1 | & Charter | & Cat-2-Distributor § & In;;r:a; ¢ ‘}:’O bsematlon -
8 applicationSupport & Cat-1-Distributor :

Coa
o
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How to planned an EnMAP acquisition

1. EnMAP Instrument Planning Portal
https://planning.enmap.org/

Mode:: POINT MULTI PASS

Datatake Parameters changeable for each datatake anytime before submission.

-15° 10 +15°

Sunglint Default Parameters used for all datatakes..

Viodel Preview Sunglint Windspeed(s)
nion: predicted sun glitter... ~ do not return sunglint pixel... ~ %x3m/s|| %8 m/s
Coverage Threshold Intensity Threshold Threshold Type

100 % M 100 % M avoid interference

Cloud Coverage Default Parameters used for all datatakes.

eshold Type

donot returnclo... ~ avoid interference
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How to get archived EnMAP data

COC &
CeoPortal | ome L colsions | Pocucs s o)

- ]
2. German Satellite Data Archive e 7] M 6 G (8, (o
U Filter by Region € Filter by Time © Filter by Collection ©
i + || Inematc Maps

! + | FireBIRD
1

f= . ! C o + [ TanDEM-X Pursut TSX-1 Like
e bechadadd 20230702 LS ) ] TanDEM-X Pursul TSX-1 Like Experimental
$ > 00 v HH 00 v MM 23 v HH 59 v MM

https://eoweb.dIr.de/egp/ ——— =

= @EMAP
10f 100 results selected v | [1] | Toggle View

Catalogue and order the products. ,
157 159
ENMAP HSILLO ENMAPHSILO ENMAPHSI LO ENMAP HSILO ENMAPHSILO ENMAP HSILO ENMAPHSILO
ro u C S a r e ro C e S S e 0 n - e l I I a n 2022-07-28710.49.48 1102 - 2022-07- 2022-07-28710.49:43 6582 - 2022-07- 2022-07-28710.49:39. 2052 2022-07- 2022-07-28T10.49:34.7532Z - 2022-07- 2022-07-28710:49.25 8492 - 2022-07- 2022-07-28T710.49. 21 397Z - 2022-07- 2022-07-28710.49:16.945Z - 2022-07-
b} 28T10:49:52.6442 28710.49:48 1922 28T10:49.43 7402 28710:49:39 2882 28710:49:30.384Z 28710:49.25.9322 28T10:49:21.480Z

according to different processing options
of their choice like: G Rt Bedsag L B | T ] o X
* Processing level (L1B, L1C, L2A) e .

APH
2022-07-; zsno 49 ‘2 4932 202207~ 2022-07-28T10:48:59.137Z - 2022-07- 2022-07- ZST'O 48 50 2322 2022-07- 2022-07-24T10:47-17 510Z - 2022-07- 2022-07-24T10:47-17.510Z - 2022-07- 2022-07-24T10:46:41.893Z - 2022-07- 2022-07- 241!3 45:52.9207 - 2022-07-
2871049:17.0282 28710.49:03 6712 28T10.48 54 7672 24T10:47:22 0012 2471047220012 2471046464282 247104557 4552

L2A processing n 10de (Iand, water,
" NMAP HSI.LO ENMAPHSILO ENMAP HSILO ENMAPHSI LO ENMAPHSILO ENMAPHSILO ENMAPHSILO
2022-07-; 24110 45:52.920Z - 2022-07- 2022-07-24T10:45:48 4682 - 2022-07- 2022-07-24T10:45:48 4682 - 2022-07- 2022-07-24T10.45:44 0162 - 2022-07- 2022-07-24T10:45:44 0162 - 2022-07- 2022-07-24T10:45:39.5642 - 2022-07- 2022-07-24T10:45:39.564Z - 2022-07-
CO I I I I n e 45574552 24T10.45:53.003Z 24T10:4553.0032 24T10:45:48 5512 247104548 5512 24T10.45:44.009Z 24T10:45:44.099Z




DLR.de * Chart22  Status and results of the EnNMAP Mission

Introductory Videos (Screencasts)

£ S5 Lo

= - £ - v i . .
. e > ~ ~ Pre-processing 05 - Introduction to the EnMAP Data Access Portal
Home Data & Access Mission ep Applications Tools Events & Education

S Data & Access

The Data AcCess Portal & in general include two
SCREENCASTS : . & s | EnMAP Data Access Portal (EDAP)

mz;0r entry points: the ENMAP Instrument Planning  “

Ton e to Portal and the EOWEB® GeoPortal. {

user roles L Pre-Processing 06 - The Proposal Portal
On the EnMARssiGment Planning Portal users

How to submit adata . :

proposal 2 can register, submit proposals, and plan and request
future orders. The EOWEB® GeoPortal contains

Fow fo pian and request the full EAMAP Data archive. Users can access | trument Paneing prta cowssGeaRor

future observations [ . . \ (€GP}
EnMAP data using two different options:

How to sk e Image: The EnMAP Data Access Porta

datafrom the archive [2 » Users can request acquisitions through the

EnviAPastrument Planning Portal. The portal includes the Proposal Portal for proposal submission by
all scientific users respondiig$aan Announcement of Opportunity {AO) and the Observation Request
RELATED DOCUMENTS Portal providing planning support of observatiGiiragitasts and submission of future orders.
« Users cansearch and order data in different processing levels from tiie Sasman Satellite Data Archive

Portal User Manual
(D-SDA) through the EOWEB® GeoPortal. T ————————
Level 18, Level 1C, Level 2A y y . )
Product Specification More information on using the EnMAP Data Access Portal is available in the user manual and in short video
screencasts linked in the menu on the left.
ALGORITHM THEORETICAL

* Introductory videos available at HyperEDU channel in YouTube can help you to
register, submit a proposal, command new acquisitions or access the archived data

* Links available from https://www.enmap.org/data access/
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ENMAP science support activities for the exploitation of EnMAP
data
Development of algorithm toolbox and education resources

Online learning initiative on Free and open-source toolbox
principles, methods and applications for visualization, processing &
of hyperspectral remote sensing analysis of hyperspectral data

Definition of Imaging Spectroscopy or ‘
Hyperspectral Remote SBI‘lSIﬂg EnMAP-Box 3 (3.320190131T1928 develop)

Project View Tools Applications Processing Help

o . ] oy 3 So O : e
Beyond the Visible - s s : ; i
Pewmr ster Data (2) *d o >
P ! p 7 Accuracy Assessment ut EnMAP-Box | About x
Introduction to Hyperspectra , Y =i / iy
y ' \ e B 'y T ; < Clustering
Remote Sensing oihod o offun toking s g R AP g e
¢. | am experienced in the k ) = s * Create Raster
v y / /d b t | ha { ned [ > Create Sample
‘ongrat: Masking
Post-Processing
Pre-Processing

Ucenced under the GNU General Publc Licence
hitpi/Leseon. gou.orgcenses!

Environmental Mapping and Analyss Program (ENMAF)
Bt/ v enmag.oeg

Random The EnMAP-Hox is developed ot Humboidt-Univeesaat zu
Regression

o

Resampling and Subsetti funded by the German Aerospoce Centre (DLR) - Project

; Managemant Agency, granted by the Federal Meestry of

& Transformation Economic Affairs and Energy (BMWI; grant no. SOEE1529).
GDAL

@ GRASS
S SAGA

httpS'//www.enmap.org/events_education/hyperedu/ https://www.enmap.org/data_tools/enmapbox/

Leibniz * __ S
i tJr Universitiit LUDWIG- @ B ‘ -
to g4 J Hannover UNIVERSITAT HUMBOLDT-UNIVERSITAT ZU BERLIN iRl
.' n"."‘ - y A g ’f f
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Applications of Hyperspectral Data
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Archeological imaging spectroscopy

 Buried archeological structures become visible under
certain conditions with indirect indicators

 Variations in vegetation, specially on arable land
(cropmarks) can be used to identify buried structures.
Hyperspectral data, containing more information about
health and properties of the vegetation can be used to
this end

Figure 5. A diagram inserted in “Task Presenter” showing the physical mechanism of negative (left) and
positive (right) cropmarks. The image is a modified version of the figure published by Stewart, 2017 [15].

Reference: Christopher Stewart 1, Georges
Labreche 1 and Daniel Lombrafia Gonzalez,
Remote Sens. 2020, 12, 2795;
doi:10.3390/rs12172795

Figure 1. An example of cropmarks in Google Earth in the case of the ancient Roman city of Ferentium.
The image acquisition date is reported to be 7 August 2013. Courtesy of Google Earth Pro.
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Crop Marks, best indices

» Spectral indices ranked according to mutual information

1 - True Color Combination

10 - NDVI, 92.0% 11 - GEMLI, 91.8% 12 - ARVI, 91.0%

— .

28 - CRI2, 48.2% 29 - MRENDVI, 47.0% 30 - IronOxide, 37.1%

2 - NIR band at 787 nm

31 - MCARI, 36.2% 32 -TCARI, 35.9% 33 - SIPL, 33.6%

Cerra, D.; Agapiou, A.; Cavalli, R.M.; Sarris, A. An Objective Assessment of 34 -5, 326% 35 - ARI2, 29.1% 36 - PRI, 204%
Hyperspectral Indicators for the Detection of Buried Archaeological Relics. Remote
3-PC1 Sens. 2018, 10, 500. https:/doi.org/10.3390/r310045
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Landscape Archaeology with DESIS (konya, Turkey)

" Spectral Library

Legend

'l . Ancient anthrosols (previously unknown)

Anthrosols

« Anthrosols: Anthropogenic soils I il
characterized by a high level of organic el
content i

» Result of dwelling for hundreds of years

» Several sites still unknown

S iy R ) RN

r{‘k\’ 2 i 4% _ N "J’erJDEJ‘JJJ{\E?Ei}glﬂwJ

R = -~ d0miresolution:
‘.ﬁ"' ‘(\ =" - A= X N

ﬁ?‘{ Sites dg?chd by DESIS verified as “POSITIVES” by archaeologist

= 3 = g

I mme W EE

Probability of anthrosols

. 14 new discovered sites, Konya, Turkey
Verified by archaeologists (Univ. Chicago)

DESIS can provide an assessment of large areas for landscape archaeology by analyzing spectral signatures of soils

i DLR

Cerra, D.; et al. Presented at 15t DESIS User Workshop, 2021
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Coastal and Inland Waters
Bathymetrical map if submerged harbour of the ancient city Amathus (Cyprus)

Lidar Depths (m)
-14 -12 -10 -8 -6 -4 -2 0
L L L L L L 1 0
. - 2
y = 0.8589x - 2.0706 .
R? =0.9756 e -4
<ot E
ik I ] -
) 6 2
™ -
«® o
= 8 o
e )
o?e 10 &
. 2 a
PR -12
-14

Comparison with ground truth (RMSE):
- S2: 0.72m
- DESIS: 041m

Google Earth

Reference: Cerra, D. und Gege, P. und Evagorou, E. und Agapiou, A. und de los Reyes, R. (2020) Monitoring Marine Areas from the International Space Station: the Case of
the Submerged Harbor of Amathus. In: Digital Heritage - Euromed 2020, Seiten 1-11. Springer. EUROMED 2020, 2.-5. Nov. 2020, Paphos, Cyprus.

i DLR
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Geology and mineral exploration
Mineralogical footprint of a porphyry copper deposit (Shadan, Iran)

White micacomposition White micaAbundance

1.0
= E Rl
E q’
8 >
g ] 9
5
£ HyMap
3 S | Wavelength
. . . . ] o ' R po'smon
30 1000 Waveleng:lft(,r?m) 2000 200 Wavelength
3?’{{'; ' b : EnGeoMAP
% \ﬂ \ I‘JJ A :
| *' snaafnd"', EnMAP
: n
Simulation
30 m

Reference: Asadzadeh, S., et al. (2022), Targeting exploratlon drilling usmg airborne hyperspectral imagery: A case study from the Shadan Porphyry Copper
# Deposit, Iran, Economic Geology. e R 3 B R p ¢
| DLR
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Geology and mineral exploration
Mineral variety and rock outcrops at huge eroded crater basin (Maktesh Ramon, Israel)

Enmap data@DLR [2022/2023]

: . e S { 7t Ll
Ty : Aty
/ N Wy 4 A e
Nt e 5 v()’\ ’k"'-T =

'RGB bands 2346 nm, 1390 nm. 458

nm
Courtesy: Asadzadeh, S. (GFZ), Chabrillat, S. (GFZ) , Ben-Dor, A. (Tel Aviv University)
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Geology and mineral exploration
Mineral variety and rock outcrops at huge eroded crater basin (Maktesh Ramon, Israel)
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Enmap data@DLR [2022/2023]

RGB bands 2346 nm. 1390 nm, 458 nm_

Courtesy: Asadzadeh, S. (GFZ), Chabrillat, S. (GFZ) , Ben-Dor, A. (Tel Aviv University)
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Topsoil compositional mapping
Soil Organic Carbon maps, soil texture, soil moisture, soil carbonates, iron oxides content

Enmap data@DLR [2022/2023]

D) s ) 25 30 8
Predicied CaCO, [%] (EnMAP VNIR-SWIR)

2 3 7] 5 ] < 8 0 18 w2 W 3B 4
Predicted OM (%] (EnMAP VNIR-SWIR) = . g A, Predicted Clay [%] (ENMAP VNIR-SWIR)

Reference: R. Milewski et al., 2023

{it ] Leibniz @°@
+ ¢ Z | Universitit
togi 4
R
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Precision Farming and Agricultural Monitoring
Mapping condition and crop health (Northern Munich (Germany)

11°I25'E 11°§0'E ll°'35'E 11°4'10'E 11°:15'E 11°I50‘E

Reference:
Wocher, M. et al. (2022)
Retrieval of carbon content and
biomass from hyperspectral
imagery over cultivated areas,
ISPRS Journal or
photogrammetry and Remote
Sensi, 193, 104-114.
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Chart 34

Status and results of the EnNMAP Mission
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Snow & ice properties mapping
Novel combination of retrieval maps and uncertainties for grain size, liquid water, and algae
concentration
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Reference: Bohn, N., et al. (2022). Glacier ice surface properties in South-West Greenland Ice Sheet: First estimates from PRISMA imaging spectroscopy data. J.G.R.:
Biogeosc., 127
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Water Quality Application
Water Quality parameter at Stettiner Haff (Oder), Germany
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Coastal and Inland Waters
Water quality monitoring in Térraba Sierpe Wetland (Costa Rica)
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Coastal and Inland Waters
Water quality monitoring in Térraba Sierpe Wetland (Costa Rica)
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Thank you !
Welcome to EnMAP

Brochure (english)
The German Spaceborne Imaging Spectrometer Mission Www.enmap.orqg

Brochure (german)
Fiver The Environmental Mapping and Analysis Program
(EnMAP) is a German hyperspectral satellite mission that
Video (german) 7 aims at monitoring and characterising Earth's environment
on a global scale. EnNMAP measures and models key FU nded by
dynamic processes of Earth’s ecosystems by extracting
IMAGE GALLERY geochemical, biochemical and biophysical parameters that

provide information on the status and evolution of various

terrestrial and aquatic ecosystems. For more information

% Federal Ministry
for Economic Affairs
and Climate Action

about the main objectives and the status have a look at the

mission page.
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