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Outlook

1. Hyperspectral remote sensing and environmental

applications;

2. Analysis at different scale, from lab to spaceborne imaging

spectroscopy missions;

3. Challenges and conclusions

A

DEGLI STUDI

S UNIVERSIT
== ONVTIIN T

IGOCC San Piero a Grado,, 21 Settembre 2018




Environmental monitoring by hyperspectral data

1970's from field spectral measurements in

support of Landsat-1

Airborne Imaging Spectrometer
(Goetz et al., 1985)

2
o
&
=
v
|
c
=]

0.5 1.0 15 20 25
Wavelength (um)

BIOSPHERE

-

S UNIVERSITA
= ONVTIN 1A

San Piero a Grado,, 21 Settembre 2018

B

SCALED REFLECTANCE

&

g

£

8

15
0
: [
A-band
o

0760 0784 0788 0772
WAVELENGTH (um)

e

€0, 1.61 pm

RADIANCE (Wm?s rtum)

EADIANCE (Wim s s
o

01.$5 1800 16805 1610 1615
WAVELENGTH (um)

2050 2080 2070 2080
WAVELENGTH (um)

+ Cinachiysotie CH-29

1.40 145 150
WAVELENGTH (m)



Spectral resolution and hyperspectral domains

Broadband ViSib.
Spectral resolution vs
spectral range vs
_ Bafd Band Band Band Band Band Band Spectral contiguity
Multispectral [ P 3 4 5 7 6
s 52-60 .63-69 .79-90 155-1.75 2.08-2.35 10.4-12.4
e Reflected radiance
VSWIR;
Hyperspectral 100s of Band ) Emitted radiance
S OT bands 30 Bands
TIR
 Emitted radiance
670-780 nm VIS
NIR
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Different platforms and scales of investigation

Multisource
& &=
hyperspectral remote
sensing
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Gamon et al, 2006
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Laboratory instruments

e.g. Hylce system

Visual RGB
stratigrophy inge

a)

[w]wsba

dust layer

dut layer

dust layer

Fig. 1. Image of the Hylce system (left) and its schematic drawing (right). Hylce consists of: a) high-precision linear stage with samples holder and motor driver; b)
HeadWall VNIR camera thermostated using heaters; c) stable halogen lamp that lights the surface uniformly; d) calibrated Lambertian Spectralon® panel used to

calculate reflectance; e) PC connected to the spectrometer by using a dedicated interface; f) Single-Board RIO with Ethernet TCP/IP wireless connection. i)

Imaging vs non imaging systems 1 B i
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Image at a single wavelength
Hyperspectral Cube . . e

Spatial dimension

Spatial dimension
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Hylce
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Reflectance and transmittance (e. g. leaf spectra)
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Field spectroscopy

- Need of automatic systems
- Diurnal, seasonal, dynamics vs instantaneous satellite observations
- Cal/Val strategies

MRI, Multiplexer Radiometer/Irradiometer
SFLUORBOX

Manual spectrometric system HSI, HyperSpectral Irradiometer

' .
Canopy mapping of sun-induced fluorescence 4 JLicH

» Mapping of sun-induced fluorescence shows great
spatial heterogeneity of fluorescence emission across
the canopy

» Interplay of the variations of light intensity within natural
canopies and the three dimensional leaf display

Insirumeni-box

(3)

RGB § SIF 760 nm

multiplexer

® FIBER OPTICS
 DEGLI STUDI
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Rascher & Nedbal (2006)
Current Opinion in Plant

Biology, 9, 671-678 i
Pinto et al. (2016) Plant, Cell
and Environment, 39, 1500—
1512
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Instruments for fluorescence measurements

Reflectance (-)
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Wavelength range
Spectral Sampling
Interval (SSI)

Spectral resolution
(FWHM)

Signal to Noise Ratio
(SNR)

Field Of View (FOV)

Signal Optimization
Dark current
Automatic acquisition
Quick measurements

Stability
Simultaneous metadata

Case

Dimension

Power supply
Power consumption
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reference
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0.17 nm

0.3nm

1000

Dual FOV. Upwelling radiance 25°. Downwelling radiance 180°

Operational

Automatic adaption to varying light conditions

Accurate dark current determination at each measurement cycle

Fully autonomous measurement mode

2.5
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1
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Example of time series from automatic systems
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- diurnal and seasonal variability (alfa-alfa)
- a new tool for environmental monitoring
- cal/val context, vicariuos calibrations vs product validations
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Hyperspectral UAV: spatial vs temporal domain

e.g. HyUAS system A) parp B) p-spec ‘
Anteos platform _F_*q W ﬂF'*q
HyUAS HyUAS

=  Four-rotor platform with hovering

capability, maximum payload of 2 Kg IFieldSpecHH
and flight time of 20 min =
=  Global Position System (GPS) coupled b i , o i
with the Inertial Movement Unit W Lambertian W
( IMU ) Spectralon panel
Target Target

Calibrated tarp

= Radio connection to the ground
control station

Optical payload

= RGB digital camera (Canon

S100)
= (QOcean Optics USB4000 VNIR
non-imaging spectrometer
(350 -1000nm, 1.0 nm FWHM,
16bit)
= DCfrom shutter
i||:|]|:[:i San Piero a Grado,, 21 Settembre 2018 Credit P ZGI’CO-TE‘]CIO’CI




Field and airborne instruments and campaigns

HyPlant: a novel high performance spectrometer
to measure sun-induced chlorophyll fluorescence

Module 1: Imaging spectrometer (380 — 2500 nm)
with 3 nm (VIS) and 10nm (SWIR) spectral

resolution; 1-3 meters spatial resolution

Module 2: Fluorescence module (670 — 780 nm)
with 0.25 nm (FWHNM)

Rascher et al.,2015

0O2-A and O2-B

)

Field spectroscopy

Airborne imaging
spectroscopy

...now using also FL (The Chlorophyll Fluorescence Imaging
Spectrometer CFIS, Frankenberg et al., 2018)
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Processing chain. Level and Products
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HyPlant reflectance and fluorescence

RGB false color
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Ground and airborne experiments

Fluorescence map from HyPlant
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Hyperspectral campaign in 2018

Different activities in the context of future space imaging spectroscopy
missions
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Hyperspectral imaging spectrometry heritage

ESA’s Proba-1/CHRIS
NASA EO-1 Hyperion

The EO-1 Image Archive

Credit E. Middleton

SATELLITE PAYLOAD , CONTRIBUTION TO GMES

Hyperspectral atmospheric chemistry
missions (e. g. OCO-2, S-5 TROPOMI)
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PRISMA and EnMAP missions

Swath / FOV /IFOV

30 km /2.77° / 48 prad

Ground Sampling Distance (GSD)

Hyperspectral: 30 m / PAN: 5 m

Spectral Range

VNIR: 400 — 1010 nm (66 spectral bands)
SWIR: 920 — 2505 nm (173 spectral bands)

PAN : 400 — 700 nm

@l

ogenzm spaziale
italiana

PRISMA

Spectral Width (FWHM) <12 nm
Radiometric Quantization 12 hits
VNIR SNR >200:1
SWIR SNR >100:1
PAN SNR > 240:1
Absolute Radiometric Accuracy 5%

MTF@ Nyquist freq.

VNIR/SWIR along track > 0.18
VNIR/SWIR across track > 0.34

PAN along track > 0.10 /PAN across track >0.20

Co-registration (Keystone, Smile)

< 0.1 pixel

Thermal Control System

Double stage passive radiator (1 for each channel) + stabilization heater

Mass

Optical Head: 175kg
Thermal Shield: 25kg
Main Electronics:  11kg

Power Consumption

Earth Obsenvation /calibration: 90W
Idle: 80W

Credit PRISMA Science team
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Mission

Spectral Range
Bandwidth

No of Bands
Spatial Resolution
Swath

Orbit

Revisit

Special features

Link

CEOS Database

San Piero a Grado,, 21 Settembre 2018

Germany'’s first hyperspectral Earth observing satellite mission, scientific path finder mission for
later operational services, for environmental monitoring, process understanding

420 nm - 1000 nm (VNIR), 900 nm — 2450 nm (SWIR)

6.5 nm * 1.25 nm (VNIR), 10 nm £ 2.50 nm (SWIR)

98 bands (VNIR), 130 bands (SWIR)

30m

30 km

Sun-Synchronous at 653 km

< 4 days (+ 30° off-nadir tilt) and < 21 days (+ 5° off-nadir tilt)
Mission fully funded

www.enmap.orq
http://www.grss-ieee.org/wp-content/uploads/2017/hyperspectral_Igarss_sessions/05_2017-07-

24_IGARSS17_EnMAP_FINAL.pdf

http://database eohandbook.com/database/missionsummary.aspx?mission|D=600

Credit EnMAP Science team



NASA missions

Recommended NASA Priorities: Designated

I UNIVERSITA
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surface Earth surface geology and biology, Hyperspectral imagery in the

Biology & ground/water temperature, snow visible and shortwave infrared,
reflectivity, active geologic processes,  multi- or hyperspectral imagery
Geology
@ HyspIRI Measurements e
I —
* Global terrestrial and coastal VSWIR spectroscopy and
multispectral TIR with real-time downlink of selected products
for both.
HyspIRI VSWIR HyspIRI TIR
70 - E— TILl (W 20
Atmosphere 1.8
7% — Solar 1.0 Reflectance P g
E %o * Farth 300K, 1.0 Emisivity i .-.,;
2 0 12§
s [ 102
é 30 - fos g
& 20 - pr— 06 3
';E L - “::i':' :‘ 0.4 :
Credit HysplRI o B 02
Science team 0 ' ' ' -
400 2000 4000 6000 8000 10000 12000 14000

SCIENCE/APPLICA - CANDIDATE MEASUREMENT g %

Combining
VSWIR
and TIR

Wavelength (nm)
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Desis and EMIT missions

https://www.dlr.de/os/en/desktopc

Institute

Projects

Earth Observation
Extraterrestrial Research
Civil Security
Publications

Offers

DLR in Berlin

News Archive

S UNIVERSITA

DLR Earth Sensing Imaging Spectrometer (DESIS)

.. is an advanced hyperspeciral instrument for the Multiple User
System for Earth Sensing (MUSES) platform by Teledyne Brown

‘#7 Engineering (TBE) on Board of the International Space Station
DLR (ISS). With a minimum of optical components the robust and
compact optical design covers the visible and near-infrared
regions of the electromagnetic spectrum at a high resolution.
The mechanical and opfical characteristics qualify DESIS for

applications like farming, forestry, land cover analysis and
multitemporal environmental monitoring. Data will be jointly provided by TBE and DLR to serve commercial and
scientific partners starting in 2018.

About DESIS

DESIS on 1SS
DESIS design

DESIS Applications and Aims

EMIT: Earth Surface Mineral Dust

Source Investigation

Challenge: Measuring the Earth's Mineral Dust Source Regions to Improve

« Mineral dust radiative forcing is the Forecasts of the Impacts of Dust on the Earth System
single largest uncertainty in aerosol
direct radiative forcing (USGCRP &
IPCC)

* Mineral dust emitted from the surface is
a principal contributor to direct radiative
forcing over arid regions, impacting
agriculture, precipitation, and desert
encroachment around the globe

= Composition is crifical: a change of 1%
in relative abundance of iron oxide can
cause a ~50% change in radiative
forcing

+ The composition of the Earth’s mineral
dust source regions is poorty known

Hypotheses Tested by EMIT:

« The net coniribution of mineral dust to
regional and global radiative forcing is to
warm the atmosphere (positive forcing)

* The impact of mineral dust on regional
precipitation and radiative forcing will

promote the expansion of dustsource _JFIL °——-~-—- 3 (PSI, ucLa EUSGS @ ==

regions

Sahara Mineral
Dust on Snow in
Europe March
2018
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ESA Earth Explorer programme — FLEX mission

Sentinel-3 .

Incident light

Reflected Transmitted
(6-12%) <= = (0-40%)

wno/)

B0 il T T T T
Wareelenggi (nm)
Heat (75-87%) Photosynthesis (0-20%)
Fluorescence (2-5%)
Table 1
Technical characteristics of the FLORIS spectra in terms of spectral resolution (SR), spectral sampling interval (SS1), and signal to noise ratio (SNR) for the different spectral regions.
Spectral region Visible SIF,,V—\ Red-edge SIFg,
A (nm) 500=677 677=686 BEG=697 697=740 740=755 755=759 759=T62 762=769 769=780
SR (nm}) 3.0 0.6 0.3 20 0.7 03 07
SSI (nm) 20 0.5 01 065 05 01 05
Linear from Linear from
SNR 245 340 175 425 510 to 1015 1015 115 115 to 455 1015
(R s
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CHIME mission

é¢-esa

Copernicus Hyperspectral Imaging
Mission (CHIME)
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Green & Dry Vegetation Soil
0.7 o < 3 07 .
0.6 cgrﬁ,::gs cell structure : Sggﬁggls%o?green) 0.6 ron oxides o0 o Clays
o 05 pigments ‘ # Sentinel-2 (dry) o 05 j 1 Calcite
Q " Q *
§ 0_ 4 Protein, lignin, cellulose E 0' 4 ‘ J
3 ot
= 03 = 0.3
& 02 & 02
) ) Spectrosc Pg .
0.1 0.1 Sentine
0.0- 3 0.0 3
500 1000 1500 2000 2500 500 1000 1500 2000 2500
Wavelength (nm) Wavelength (nm)
Kaolinite Water
07" OHIH0 OHIH0 3 0.06 E
0.6 AroH Spectroscopy «
' ‘ 0.05 Phycocyanin P Sentmelpﬁ
g 05 8 0.04 e Chtoropryiva
g 04 E CDOM
3 y 2 0.03
2 03 = ]
o I 0.02
0.2 Spectrosc lp& . = G50
0.1 Sentine 0.01 = g ihreshold G50 of 30 erefers & comphant with meas of the UR
0.0 3 0.00 & 3 poal of B0 mebers woedd enable addificral relevant 8
500 1000 1500 2000 2500 400 = fevisit Time:
Wavelength (nm) = 3 ihreshold of 2B days is compliant with mostof the UR
®  giwi i Chic vl ewated of specific URS o4, Apriculung'Food Secufiny], 4 goal of 15 dass shoukd B &l
= Spectral Ranges:
& YNNI and SWIR, sganmng frorm 400 nes bo 2900 mm redglted the key dpecird ranges reeded Tor almast al
LIk
= proLSTonT = Spectral resolution:
é ; ® 10 nasesriaErad u The Bal choise enabiling alsear all idenified URs
g 5 = Signal-to-Noise Ratio (G30=30m, g=0.3, 524=30"):
ill:lll:l:i Sar = VMR phreshold=a00:0, peal S00:1; @ S50 pm
= SIWIE: threshold=300:0, peal 3040:1; & 2100 nm

I ey



Microsatellite missions

HyperScout is a miniaturized hyperspectral imager to operate upon nano, micro and
larger satellites.

cosine

hyperscout

HOME

HyperScout® specification

A

S UNIVERSIT
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HyperScout®
Orbit 500 km
FoV (ACT x ALT) 317 (237) x16°
GsD ~/0m
Swath 350 km (220
km)

Active Resolution

Spectral
range
(res) Ext.
range

Dynamic range
SNR
Mass

Volume

Avg Power

~ 4000 x 2000 px

400 - 1000 nm
(—14 nm)

up to 12 bits
50-100
1.3 kg
1.5L
10W

San Piero a Grado,, 21 Settembre 2018



Hyperspectral cubes

Fluorescence (670-780 nm)
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Environmental benefits
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Cubes integration, model develoments, spaial details, temporal

assimilation, data processing and synergies with other EO
Current challenges
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Conclusions

0 Hyperspectral data, point or imaging systems are essential for
improving environmental modelling;

0 The combination of multiplatforms data allow to understand the
accuracy of the retrieved variable;

0 Integration of VIS-NIR-SWIR-TIR data permit to improve the
estimation of biophysical parameter;

0 A new era of spaceborne imaging spectroscopy system is just
started
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