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Overview

Introduction to Hyperspectral Remote Sensing
Airborne and Satellite Hyperspectral Sensors
Hyperspectral Remote Sensing of Fire

Mapping of high, medium, or low -severity burned forest areas using
alrborne hyperspectral data
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Hyperspectrals.Multispectral

Atmospheric Windows
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Princige ofhyperspectral data acquisition
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Vegetation spectra

Chlorophylls
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Soil spectra
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Rocks spectra
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Platforms for hyperspectral RS
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Airborne HS sensors

sPecim

SPECTRAL IMAGING

HyMap operatedby HyVista G—LIHTNASA GSIE(Istommadeframe
n e o Australia with comerciakensors

NORSK ELEKTRO OPTIKK AS

AVIRING, NASA JPL APEX, VITBelgium+ UZHSwitzerland
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HanuG et al. (2023)
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Flying laboratory of imaging syste(RE|S)

CASI1500

Sensor SASE600 TASI-600
Band VNIR SWIR LWIR

Spectral range [nm] 380-1050 950062450 |[8000011500
Number of pixels 1500 600 600

Max. spectral resolution [nm] 3.2 15 110

FOV A 40 40 40

Spatial resolution [m] 0.502.0 1.25085.0 1.25065.0
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Sensors Iin airplane


https://czechglobe.pano3d.eu/

Q_‘.zechGlobe

Planning of airborne campaign

Dependence of lighting and viewing angles and
directional reflectance of vegetation
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Planning of airborne campaign

Freyung-Grafenau
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Radiometric and geometric corrections

Current state of the atmosphere
(amount of aerosols and water vapor)
Calibration surfaces
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Georeferencing
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Supporting field measurements
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Satellite hyperspectral systems

Number of spectral bands
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Hyperspectral Sensors

B Gaofen-5 (China, launch 2018) : 8: :f:e-ﬂying satellites

TERRESTRIAL/ | EMIT (USA, launch 2022) Information in this figure is assembled from Taramelli et al. (2020),

Aslg?sooR'{{sE PRISM A (| taly launch 2019] ggg;ﬂlsefusct;gzbzy more recent information from the mission websites
| DESIS (Germany/USA, launch 2019)
T ™ EnMAP (Germany, launch 2022)

chomoero's | mm Hyperion (USA, 2000-2017)
spatalresolucon | ISR C[E (ESA, launch 2028+) SBG (USA, launch 2028+
param%te,.zat.on; B HISUI (Japan, launch 2019)

m HICO (USA, 2009-2014)

B CHRIS (Europe, launch 2001) (Mode 2-4)

0 20 40 60 80 100 120

Spatial resolution (GSD in meter)
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Satellite missions

PRISMA AS| Italy 2019 4006 1010 nm 14 nm 30 m/ 30 km
920 0 2505 nm + PAN5m
DESIS (ISS; DLR,Germany 2018 (until 2023) 400 6 1000 nm 2.5nm 30m
EnMAP DLR, OHB, GFZ, 2022 420 6 1000nm 6.5nm 30 m/ 30 km
Germany 900 6 2450nm 10 nm
EMIT (ISS) NASA 2022 (until 2023) 3800 6 2500nm 7.4nm ?21?
desert areas
CHIME ESA <2030 400 6 2500 nm < 10 nm 30 m/ 130 km
SBG NASA <2030 400 6 2500 nm < 10 nm 30-45m
+TIR35&8-12 Om 40-60m

+ others HISUI, TianGong, HypXIM, GaoFen TRISHNA,SHALOM



Revisit 16 days
30 m GDS

400 6 2500 nm
(10 nm sampling)

220 bands

Swathwidth 7.5 km

EO-1 Hyperion @/

Dataset availability 2001-2017

Applications:

Carbon cycle

Vegetation

Amazon rainforest
Alaskan tundra

Microbial life in the Arctic
Volcanic activity

T> T>o T T I T

® Measured
u Fallow
=

Wavelength

True-color Hyperion image of Argentina (composed of red, green, and blue

channels)




DESIS

DLR Earth Sensing Imaging Spectrometer, Germany DLR
- "N | aunched in 2018

Free for scientific purposes

Applications:
30 m GDS
400 3 1000 nm A Improving Earth observation in general and
(2.5 nm sampling) hyperspectral sensor systems in particular
(precision farming, assessment of the
235 bands situation after environmental disasters)

A Effects of the space environment on remote
sensing instrument

Swath width is 60 km A Contribute to hyperspectral remote sensing

technologies for future satellite missions




GaoFen- 5 / \
Y N,
gao fen = high -resolution,

China National Space Administration (CNSA) - T

Launched in 2018

Revisit?
Six instruments onboard:
30 m GDS A VIS and SWIR HS camera (AHSI) , MK 2021 1025-11.02) po
A Spectral imager - - e
400 & 2500 nm A Greenhouse gas detector (GMI -l instrumgnt) Py
(5-10 nm sampling) A Atmospheric environment infrared detector .. , = v
A Differential absorption spectrometer for - f & Beg
atmospheric trace gas ws|
e e A Multi-angle polarization detector L omaeid__ o
g g 2 - g 8
Swath width 60 km -
Applications:

A Track air pollution and greenhouse gases in the atmosphere
A Variations in land cover
A Variations in water clarity



https://www.mdpi.com/2072-4292/15/4/1105

© PRISMA

EREEL SOz CEE Launched in 2019, available for downloading
30 m GDS
400 & 2500 nm Applications (Europe and the Mediterranean region):

12 nm samplin
( pling) A Land cover and crop status

A Pollution quality of inland waters
66 (VNIR), 171 A Status of coastal zones and the Mediterranean Sea
(SWIR), 1 (PAN) band A Soil mixture and carbon cycle

Swath width 30 km

https://prismauserreqistration.asi.it/



https://prismauserregistration.asi.it/

Target revisit is 4
days

30 m GDS

400 0 2500 nm
(6 6 10 nm spacing)

Swath width 30 km

EnMAP

Environmental Mapping and Analysis
Program,
German Earth Observation Satellite

2022 o launch and early orbit phase

Main scientific goals:

A Study environmental changes

A Investigate ecosystem responses to
human activities

A Monitor the management of natural
resources

Applications:

A Agriculture and forestry

A Geology and soils

A Urban areas

A Coastal and inland waters.

https://www.enmap.org/data_access/

DLR



https://www.enmap.org/data_access/

July 2022 on ISS
Operational for 1 year

3 acquisitions in
average

60 m GDS
380 0 2500 nm
(~7.4 nm sampling)

285 bands

Swath width 75 km

Space Imaging
E M I I Spectroscopy Emission
4 and 2

Earth Surface Mineral Dust Source Investigation

Particle

Transport

Arid Dust Source
Regions

Obijectives:

A Measure mineral composition over
arid lands

A Improve assessment of heating and
cooling effects of mineral dust

A Predict changes in amount and type
of dust due to climate change
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https://earth.jpl.nasa.qgov/emit/
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System
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https://earth.jpl.nasa.gov/emit/

CHIME \\\&Sﬁﬁesa

Copernicus Hyperspectral Imaging Mission
for the Environment (Sentinel-10)

In preparation. Launch in 2028
Global, operational mission!

Revisit 11 days

Target applications:

A agricultural management,

30 m GDS A Dbiodiversity management,

A soil property characterization.

400 0 2500 nm

(8.4 nm sampling) ngh priority L2B products

Leaf/ canopy nitrogen content
Leaf/ canopy water content

- Leafmassper area

- Soll organic carbon content

- Kaolinite abundance

Over 220 bands

Swath width 130 km

https://www.esa.int/Applications/Observing the Earth/Copernicus/Going hyperspectral for CHIME 28



https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Going_hyperspectral_for_CHIME

SBG (Surface Biology and Geology) mission

In preparation. Launch in 2030

SBGLight SBG Heat
(VNIR+SWIR) (TIR) SBG provides data for many focus areas ... tv;;,i':ﬁi‘;";'.' :::ctt',‘j,":’;’giﬂ,::
Ecosystems Agriculture Coastal Zones Snow and Ice VWIR

Revisit16 days 3 days

Minerals TIR

30 m GSD 60 m GSD
(30 m for VNIR)

400 0 2500 nm 4812 Om
(10 nm sampling)

>200 bands 7 bands TIR
2 bands VNIR

Swathwidth 185 935 km
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https://sbg.jpl.nasa.gov/

Carbon Mapper constellation

In preparation. Launch in 2024

30-35m GDS Basedon P | a nnext geseration SkySats
400 & 2500 nm T'arge.t applicati_on:
(5 nm spacing) pinpoint, quantify and track
strong methane (CH,) and
Scene width 18 km carbon dioxide (CO,)

emissions at facility scale
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https://carbonmapper.org/about-us/#advisory-commitees

