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Remote Sensing Technologies at IMF

» Synthetic Aperture Radar (SAR) « Atmospheric Spectrometry (Active and Passive)

2010
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» Optical Remote Sensing  Data Science
» Cross-technology
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Current activities at DLR Oberpfaffenhofen for remote sensing of inland waters
Outline

LO-L1: Sensors, Calibration

L1-L2: Data, Validation

L2-L3: Models, applications
o Optically deep water
o Inherent optical properties
o Atmospheric correction
o Reflections at the water surface

o Optically shallow waters

Software WASI

i DLR
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LO-L1: Sensors, Calibration

‘ i DLR
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Hyperspectral sensors

Laboratory spectrometers (various; 200 — 3000 nm). Usage:
 sensor calibration

 spectral data for material data bases

Underwater 'system optimized
at DLR for shallow water applications

Field spectrometers (various; 350 — 2500 nm). Usage:
» development of physically based inversion algorithms
« validation of remote sensing products (Level-2)
 spectral data for material data bases

Hyperspectral snapshot camera on UAV (Cubert; 450 — 950 nm).
* hyperspectral mapping for local applications

b
» Imaging spectrometer on airplane (HySpex; 420 — 2500 nm). Usage:
 simulation of multi- and hyperspectral satellite data HySpex system in airplane .
* hyperspectral mapping for regional applications 1: Camera VNIR-1600

2: Camera SWIR-320m-e | °
3: Stabilized platform | %

i DLR
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Hardware development and optimization

 RASTA: Radiance standard. Developed for sensor calibration.
« Stray light source. Developed for measuring stray light of EnMAP.

* O0OSS: Ocean Optics sensor system. Developed for handheld
measurements on swaying boats.

« RAMSES. System optimized for underwater measurements in
shallow waters.

 FELGO. Goniometer for BRDF measurements.
» AquaVIS. Spectrometer on UAV. Under development.

\: - -
« X |
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. . di dard
Calibration Home Base (CHB) Radiance standard RASTA
1: Lamp
) 2: Diffuse reflector
 Designed for hyperspectral 3: Radiometers for
instruments monitoring

» Spectral range: 350 — 2500 nm

« Suited for bulky and heavy
instruments up to 500 kg

» Same position as in aircraft

» Accurate characterization of sensor
parameters
» Spectral
» Radiometric
» Geometric

« Light sources traceable to Sl units

* |SO certified

i DLR
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. Results for HySpe
Geometric measurements u yspex

Across-track resolution
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Results for HySpe
Spectral measurements u ySpex

Spectral resolution
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Sensor calibration

 Airborne sensor: HySpex

* self-developed software LOAN for LO-L1a processing

* input are the sensor parameters measured in the CHB
output is the spectral radiance of each pixel
* non-linearities, stray light are corrected
data are resampled to a virtual sensor to equalize the differences between detector elements
LOAN is part of automatized processing chain CATENA

o LO-L1a:  spectral and radiometric calibration (LOAN)

o Lla-L1lb: georeferencing (ORTHO)
o L1b-L2:  atmospheric correction and conversion to reflectance (ATCOR)

* Field instruments: O0OSS, Ibsen, RAMSES

* main usage of field instruments is based on L2 data (reflectance)
* calibration to L1 (radiance, irradiance) so far not complete and consistent
* self-developed, instrument-specific software SpecCon for LO-L2 processing

i DLR
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EnMAP characterization

Relative Irradiance
555555555
o
« EnMAP: German hyperspectral satellite sensor
» Launch planned end of 2020 °
. . D -
* EnMAP instrument is developed by OHB g8
n
» We support OHB in sensor characterization =¥
g- o
S g
2
100 10
) 107
g 10? . w0
g 107 o
-8 104 | 10° -8'-
K= o
g 10 | 10°® @)
i & o S
@ 10" 10" g
0 500 1000
Spatial Direction =
Spatial Direction
Light source developed to measure stray light of EnMAP Expected stray light of ENMAP when illuminating a single detector element
(Courtesy A. Baumgartner) (Courtesy J. Brachmann)

i DLR
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Sensitivity analysis:
Sensor specification for aquatic satellite

« Key parameters
» Concentrations: phytoplankton pigments, suspended
matter, dissolved organic matter (CDOM)
» Optical properties: phytoplankton fluorescence,
absorption, backscattering, transparency
» Others: water depth, bottom substrate type and coverage

» Sensor requirements
» Spectral
« Radiometric
» Geometric
» Temporal coverage

Feasibility Study for an Aquatic
Ecosystem Earth Observing System

Version 2.0
March 2018

http://ceos.org/about-ceos/publications-2/

E DLR w/ TR
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L1-L2: Data, Validation

DLR
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15 April 2019

Airborne campaigns for regional applications
OpAIRS: ISO certified service for airborne campaigns
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Airborne campaigns for satellite data simulation
Simulation of EnNMAP data

Courtesy M. Bachmann

Coast Map Example Deep to Shallow Water Spectra

Mosaic of 15 HySpex flight strips

i DLR

Simulated EnMAP scene
Calculated by K. Segl (GFZ) using EeteS

Reflectance
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Field campaigns for model development
Reflectance model of Arctic meltponds

Advantages of field spectrometer measurements
compared to satellite data Meltpond model *

No errors from atmospheric correction —

RP = p® 4 7% ((1 i)

Much better comparison with water samples
— Temporal match-up: sampling can be nearly simultaneous
— Spatial match-up: sampling can be at the same location

+0T! (ppi +¥ ((1 — LT + i Ti(p° + fioro'w))))'

Better spectral resolution
— model errors can be better identified

Variable measurement conditions [
— Above the surface / in water BRDF ofice &
— Different viewing angles
— Sunny, cloudy

‘ i DLR
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Field campaigns for extending data bases
Reflectance of bottom substrates

- ” 2 g - - e (e w ¥
3 i Pl R e R Rl s

Diversity and heterogeneity of the seabed in the Baltic Sea

i DLR
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Field campaigns for extending data bases

Reflectance of bottom substrates
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K. Schnalzger, 2017. Spektrale Datenbank fiir den Untergrund der Ostsee
sowie Einfluss auf die Bestimmung der Wassertiefe. Masterarbeit Universitdt

Augsburg, 68 Seiten.
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Field campaigns for validation of L2 remote sensing data
Comparison of atmospheric correction models

Sentinel-2, 2015-08-13

Measurement site S1 Measurement site S7
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K. Dornhofer, A. Goritz, P. Gege, B. Pflug, N. Oppelt (2016): Water
constituents and water depth retrieval from Sentinel-2A — a first
evaluation in an oligotrophic lake. Remote Sensing, 8, 941.
doi:10.3390/rs8110941
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Field campaigns for validation of L3 remote sensing data
Bathymetry in the Baltic Sea derived from airborne data (HySpex)

ol T .

Water depth [m]

Echo sounding
measurement by TUM

12 ‘
Zonel
HySpex

0.3

0.2 _u /\ )-/'/\ A

= e

10

— (d

£ g

g g

T : F by

s ° L R NS &

< ; gL . A 8 01 \

§ 4 L i 'g \

s Y b 2 o : 3 02

. 1 f:..' *
2 . " —e— Mittelwert \rx
Y A -0.3 +—
’ —=—Standardabweichung \v
. 0 _0.4 | ‘ ‘
. . . 0 2 4 6 8 10 12 0 2 4 6 8 10 12
Baltic Sea coast near Wismar. ~ Water depth derived from Wassertiefe aus Echolot [m] Wassertiefe aus Echolot [m]

HySpex 441, 549, 650 nm. HySpex data using WASI.

i DLR




DLR.de « Slide 23 P. Gege + Current activities at DLR Oberpfaffenhofen for remote sensing of inland waters 15 April 2019

L2-L3: Models, applications

DLR




Concentrations of chlorophyll, suspended matter, CDOM
Optical properties (type) of phytoplankton and CDON
Phytoplankton fluorescence -
derived quantities, e.g. attenuationseu

- >

Challenges — , iR
- Inherent optical properties of water constituents
Atmospheric correction
Reflections at the water surface
Spectral ambiguities
Sensor: bands, sensitivity, calibration

‘I
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Bio-optical models
Relationships between AOPs, IOPs and concentrations

i

* Irradiance reflectance (Gordon 1979: i = 1..3; Albert and R(A) = Eu () = z i( by (4) )
Mobley 2003: i = 1..4 Ea() a(4) + by (1)

* Remote sensing reflectance (Lee et al. 1998, 1999: i = L, (1) b, (1) i
1..2; Albert and Mobley 2003: i = 1..4) Rys(A) = E;(A) = Z i(a(/l) + bb(/l)>

* a(A): absorption coefficient of water.
Depends on type and concentration of water constituents.

* b, (1): backscattering coefficient of water.
Depends on type and concentration of water constituents.

* fi, g;: Geometry factors.
Depend on sun zenith angle, viewing direction, wind speed,
a(A) and b, (1).

WASI uses the parameterization of Albert and Mobley (2003).

i DLR
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Inherent optical properties (IOPs)

Phytoplankton: Parameterization of absorption and fluorescence

Development of a bioreactor for the cultivation of phytoplankton under near-natural conditions

Fluorometer

Spectrophotometer; LED light source

Pump a - t "B Photobioreactor

Magnetic stirrer

Cooling circuit
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A. Goritz, S. von Hoesslin, F. Hundhausen, P. Gege (2017): ENVILAB: Measuring phytoplankton in-vivo absorption and scattering properties
under tunable environmental conditions. Optics Express 25(21), 25267-25277. doi: 10.1364/0E.25.025267

i DLR
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Inherent optical properties (IOPs)

CDOM: Parameterization of absorption and fluorescence

Measuring and modelling absorption and fluorescence excitation-emission matrices
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P. Gege (2000): Gaussian model for yellow substance absorption spectra. Ocean Optics XV Conference, October 16-20, 2000, Monaco.

A. Goritz, P. Gege (2019): GLEAM: A spectral absorption and fluorescence model for dissolved organic matter in the UV-VIS. In preparation.
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Atmospheric correction
 Water leaving radiance is usually an order of magnitude less than radiance of the atmosphere
e Accurate and reliable software for atmospheric correction of inland waters does not exist
 ATCOR is currently being adapted to water conditions
70 1;]30- i BOA radi T i to TOA i simulated spectra
Dependency on CHL | — oo
—60 — 200 -
IE ‘ 020~
g
>
E -
Simulations using MODTRAN and WASI. g
Conditions: TSM 1 mg/I, CDOM 0.5 m%, ;
Chl-a 0-20 pg/l, SZA 30°, VIS 100 km. N
200 500 600 700 800 900 T T
Wavelength [nm] ah 600 s 800 1000
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Correction of reflections at the water surface

* Sun glint and sky glint
» Usually more light is reflected at the surface than in water
* No reliable correction algorithm exists so far
» Errors can be huge, making data analysis unreliable .

blue sky

Ship measurements

» Model for correction has been developed
» Spectral model (not geometric as usual) :
 Accounts for atmospheric parameters Nl L
» Models reflections from sun, blue sky, haze, clouds

» Good results for field measurements and remote sensing

data Blue: measurement. Red: fit.
Green: result.

BOA Radiance reflectance [sr]

Black: measurements above surface
Green: measurements below surface

Correction algorithm

g

— R measured
e ot |

— R
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g

P.M.M. Grotsch, P. Gege, S.G.H. Simis, M.A.Eleveld, S.W.M. Peters (2017): Validation of a
spectral correction procedure for sun and sky reflections in above-water reflectance
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Remote sensing reflectance [sr']
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”~ L e
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Field campaign at
Lake Stechlin,
2016-05-31
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A. Goritz, S.A. Berger, P. Gege, H.-P. Grossart, J.C. Nejstgaard, S. Riedel, R. Rottgers, C. Utschig (2018): Retrieval of water
constituents from hyperspectral in-situ measurements under variable cloud cover — A case study at Lake Stechlin (Germany).
Remote Sensing 10, 181. i A N < Pﬁ p
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B o000
Analysis of

satellite data

Sentinel-2
2019-02-05
Terraba Sierpe
Costa Rica

...............
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Screenshot of WASI during data processih’g' b A - L / o
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Challenges

~« Those of optically deep water
» Reflectance of bottom substrates
» Water turbidity
» Viewing angle

Baltic Sea, 2016-04-14
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HySpex campaign
Shallow water Baltic Sea 2016

Model development
Spectral data base
Inversion algorithm
Validation

ﬁk Pseudo truecolor
§f ' 440, 550, 650 nm
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Shallow water

Model development
Spectral data base

Inversion algorithm

Validation

DLR

P. Gege * Current activities at DI:R Oberpfaff hol

HySpex campaign
Baltic Sea 2016

& Pseudo truecolor
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Software WASI

DLR
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WASI

Water color simulator

v'Simulation and analysis of spectral measurements in water (a, R, E4, Ly,...)
v'Bio-optical models for deep water [1] and shallow water [2]

v'Analytical model of downwelling irradiance

v'Elementary data base of SIOPs, bottom substrates, atmospheric absorbers

v'Physically traceable and transparent calculation steps

[1] P. Gege (2004): The water colour simulator WASI: An integrating software tool for analysis and simulation of optical in-situ spectra. Computers &
Geosciences 30, 523-532.

[2] P. Gege, A. Albert (2006): A tool for inverse modeling of spectral measurements in deep and shallow waters. In: L.L. Richardson and E.F. LeDrew
(Eds): "Remote Sensing of Aquatic Coastal Ecosystem Processes: Science and Management Applications”, Kluwer book series: Remote Sensing and
Digital Image Processing, Springer, ISBN 1-4020-3967-0, pp. 81-1089.

i DLR

1"‘ I T
Pl 8




DLR.de - Slide 37 P. Gege + Current activities at DLR Oberpfaffenhofen for remote sensing of inland waters 15 April 2019

WASI

Water color simulator

:nWASI - Water color simulator > |-| x [ :BWASI - Water color simulator = '_] x
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WASI-2D

Module of WASI for local image data processing

v'widely customizable to local conditions —no uniform processing of global data sets

v'easily adaptable to any suitable sensor —input data must be atmospherically corrected
» multispectral, hyperspectral (400-1000 nm) * requires sensor calibration
+ on satellite, aircraft, UAV ... » minor errors from ac can be corrected

v'user can fine-tune all relevant steps — not optimized for high speed

v'physically traceable —requires a data base

v'standard ENVI file format (BIL, BSQ) —no support of sensor specific data formats

P. Gege (2014): WASI-2D: A software tool for regionally optimized analysis of imaging spectrometer data from deep and shallow waters. Computers &
Geosciences 62, 208-215. http://dx.doi.org/10.1016/j.cageo.2013.07.022
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WASI-2D
Module of WASI for local image data processing
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Thank you for your attention

Field campaign in Costa Rica,
2019-03-14



