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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
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Antroposph
ere

Environmental monitoring by hyperspectral data

Airborne Imaging Spectrometer
(Goetz et al., 1985)

1970's from field spectral measurements in 
support of Landsat-1
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Spectral resolution and hyperspectral domains

Spectral resolution vs
spectral range vs
spectral contiguity

• Reflected radiance
VSWIR;

• Emitted radiance
TIR

• Emitted radiance
670-780 nm VIS 
NIR

30 Bands
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Different platforms and scales of investigation

Strumenti di campo o di laboratorio (o sensori 

aviotrasportati iperspettrali)

Registrazione in continuo su tutto 

lo spettro

Registrazione in continuo su tutto 

lo spettro

Firma spettrale continua

Riflettanza corretta: resinose

0

0.05

0.1

0.15

0.2

1 2 3 4 5 6

Banda TM

R
 [

0
 -

 1
]

I sensori spaziali in genere non 

misurano su tutto lo spettro ma 

in pochi intervalli

Firma spettrale discontinua

Registrazione in intervalli discreti
Strumenti di campo o di laboratorio (o sensori 

aviotrasportati iperspettrali)

Registrazione in continuo su tutto 

lo spettro

Registrazione in continuo su tutto 

lo spettro

Firma spettrale continua

Gamon et al, 2006

Multisource
hyperspectral remote 
sensing
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Laboratory instruments

e.g. HyIce system

Imaging vs non imaging systems

HyIce
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
HSI, HyperSpectral IrradiometerManual spectrometric system

Long-term and unattended measurements
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Operational

Signal Optimization Automatic adaption to varying light conditions

Dark current Accurate dark current determination at each measurement cycle

Automatic acquisition Fully autonomous measurement mode for unattended data acquisition

Quick measurements 20 seconds under bright sunshine 60 seconds in overcast conditions

Stability Reference system stability check and uncertainty estimates

Simultaneous metadata Spectrometer temperature, Outside temperature, GPS position, GPS time

Case Robust and Waterproof housing based on the 1510 Pelicase

Dimension Small form factor (50 x 30 x 20 cm) suitable as plane hand luggage

Power supply 12 Volt. From battery and solar panels

Power consumption Average consumption of 60 Watt. (20 / 100 Watt, cooling on / off)

Optic

Wavelength range 650—800 nm

Spectral Sampling 

Interval (SSI)

0.17 nm

Spectral resolution 

(FWHM)

0.3 nm

Signal to Noise Ratio 

(SNR)

1000

Field Of View (FOV) Dual FOV. Upwelling radiance 25°. Downwelling radiance 180°

Instruments for fluorescence measurements

For long term measurements of  reflectance hcrf and RED and FAR-RED Sun Induced chlorophyll

FLEX 
reference
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Example of time series from automatic systems
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12 June 19 July27 DAYS

- 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

Anteos platform

 Four-rotor platform with hovering
capability, maximum payload of 2 Kg
and flight time of 20 min

 Global Position System (GPS) coupled
with the Inertial Movement Unit
(IMU)

 Radio connection to the ground
control station

Optical payload

 RGB digital camera (Canon
S100)

 Ocean Optics USB4000 VNIR
non-imaging spectrometer
(350 -1000nm, 1.0 nm FWHM,
16bit)

 DC from shutter

Garzonio et al.,2017

e.g. HyUAS system

Credit P. Zarco-Tejada



San Piero a Grado,, 21 Settembre 2018

Field and airborne instruments and campaigns

Field spectroscopy

Airborne imaging 
spectroscopy

Rascher et al.,2015

…now using also FL (The Chlorophyll Fluorescence Imaging
Spectrometer CFIS, Frankenberg et al., 2018)

………….beside current optical and thermal sensors

O2-A and O2-B
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Processing chain. Level and Products

Credit HYPER Project (ESA)

HyPlant example
• Different algorithms and 

products

FLEX example
• Different sensors – E2E

Credit J. Vicent
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RGB false color 760 nm 687 nm

HyPlant reflectance and fluorescence
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Ground and airborne experiments

Rossini et al.,2015
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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

Credit E. Middleton

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

Credit EnMAP Science team

Swath / FOV /IFOV 30 km / 2.77° / 48 µrad

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

Spectral Width (FWHM) ≤ 12 nm

Radiometric Quantization 12 bits

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 Observation /calibration: 90W

Idle: 80W

Credit PRISMA Science team
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NASA missions

Credit HyspIRI
Science team

Combining 
VSWIR 
and TIR 
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Desis and EMIT missions

Both on ISS +
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ESA Earth Explorer programme – FLEX mission
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Copernicus Hyperspectral Imaging 
Mission (CHIME)

CHIME mission
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Microsatellite missions

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

Reflectance (400-2500nm)

Emissivity/TIR reflectance
(8-11 um)

Fluorescence (670-780 nm)
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Environmental benefits
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Current challenges

Meerdink
et al., 
RSE 2016

Cubes integration, model develoments, spaial details, temporal
assimilation, data processing and synergies with other EO

Credit Gastellu-Etchegorry
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 Hyperspectral data, point or imaging systems are essential for

improving environmental modelling;

 The combination of multiplatforms data allow to understand the

accuracy of the retrieved variable;

 Integration of VIS-NIR-SWIR-TIR data permit to improve the

estimation of biophysical parameter;

 A new era of spaceborne imaging spectroscopy system is just

started

Conclusions
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Thank you


