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PRISMA MISSION DATA EXPLOITATION 

Enrico Flamini1, Rosa Loizzo2 
 

1.  Agenzia Spaziale Italiana, Via del Politecnico, 06-8567298, enrico.flamini@asi.it 
2.  ASI, Centro di Geodesia Spaziale, Matera, 0835-377522, rosa.loizzo@asi.it 

PRISMA mission overview   
PRISMA (Precursore IperSpettrale della Missione Applicativa) è una missione basata su un sensore 
iperspettrale integrato con una camera pancromatica a media risoluzione, completamente finanziata 
dallôAgenzia Spaziale Italiana (ASI) e che capitalizza gli sviluppi pregressi effettuati dallôASI nel 
settore dellôOsservazione della Terra con strumenti ottici iperspettrali.  

La missione PRISMA rappresenta un importante sviluppo tecnologico nazionale, a disposizione 
della comunità scientifica e degli utenti, con cui si intende supportare la crescita e la valorizzazione 
delle eccellenze della ricerca italiana e la competitività nazionale nello scenario globale delle 
tecnologie e delle applicazioni di osservazione della terra con sensori iperspettrali.  

LôASI ha finanziato un contratto industriale per la fase B2/C/D/E1 della missione PRISMA, 
attualmente in corso, che prevede lo sviluppo ed il dispiegamento dellôintero sistema (segmenti di 
terra e di bordo), in grado di generare prodotti standard di livello 0, 1, 2b, 2c e 2d. In particolare, per 
quanto riguarda il Segmento di Terra, il contratto industriale prevede lo sviluppo di tutti gli elementi 
del Ground Segment necessari per permettere agli utenti del sistema di effettuare lôordine dei 
prodotti standard e di ricevere i corrispondenti dati. Il Programma PRISMA attualmente è nella fase 
di chiusura della di Critical Design Review (CDR) di Sistema. Il lancio è previsto per maggio 2018 
con il lanciatore VEGA.  

 

 

 

Fig. 1 PRISMA  

La missione PRISMA nei prossimi anni metterà a disposizione della comunità scientifica dati ad alta 
risoluzione spettrale, con un contenuto informativo unico ed innovativo, utile per sviluppare nuove 
applicazioni per la gestione del rischio ambientale e lôosservazione del territorio. 

Con le attività di data exploitation della missione PRISMA si intende perseguire i seguenti obiettivi 
principali: 
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- Potenziare le applicazioni di telerilevamento; 

- Migliorare la conoscenza del Sistema Terra; 

- Ottenere un buon ritorno sociale ed economico per gli investimenti della missione; 

- Offrire strategicamente la giusta visibilità in ambito internazionale alla comunità scientifica e 
industriale italiana nel nuovo scenario europeo dellôosservazione della terra con strumenti 
iperspettrali; 

- Supportare il miglioramento del know-how nel telerilevamento iperspettrale e la ñlesson 
learningò per le nuove missioni. 

PRISMA Data Exploitation Activities   

Al fine di sfruttare al meglio i dati della missione PRISMA, lôASI intende avviare diverse attività 
sfruttando tutte le possibili sinergie tra i diversi attori della data exploitation (utenti istituzionali, 
industrie e PMI, comunità internazionale, comunità scientifica nazionale), sia per offrire supporto alla 
missione, per esempio con attività  di calibrazione e validazione, sia per favorire e massimizzare 
lôaccesso ai dati, supportando attività di ricerca, servizi istituzionali di osservazione della terra e 
progetti di formazione e promozione della missione. 

Per fornire servizi di supporto allôaccesso ai dati, si intende sviluppare Mission Exploitation Platform 
(MEP) basata su prodotti innovativi e servizi di supporto tecnologico alle applicazioni.  

Le attività di promozione della missione e di formazione si baseranno, ove possibile, sulla 
cooperazione nazionale e internazionale, per offrire opportunità a studenti (tesi di laurea e/o dottorati 
di ricerca) e giovani ricercatori attraverso opportunità post-doc, summer school e/o master. 

PRISMA Data Exploitation Preparation  

Per perseguire lôobiettivo del successo della Data Exploitation della missione PRISMA si intende: 

- garantire prodotti di alta qualità 
- fornire supporto alle attività di ricerca e sviluppo di prodotti innovativi 
- sviluppare servizi pre-operativi per lôutenza istituzionale ed eventualmente commerciale 
- definire un adeguato Piano Operativo di alto livello della missione 
- favorire le sinergie con altre missioni (FLEX, SHALOM, Sentinel) 

e intervenire sui seguenti elementi fondamentali: 

- Regole di data Policy per garantire e ottimizzare lôaccesso ai dati 
- Servizi (es. NRT) e policy per il mantenimento della disponibilità dei dati (Archivi e Long 

Term Data Preservation) 
- Tools di supporto (Mission Exploittaion Platform) anche per consentire lôaccesso selettivo 

(es. Data Mining) alla notevole mole di dati e prodotti 
- Qualità dei dati attraverso attività di CAL/VAL e monitoraggio degli indicatori  
- Piano Operativo della Missione 

Gli strumenti potrebbero essere: 

- Announcement of Opportunities  
- Sviluppo di tools di gestione e accesso ai dati 
- Coinvolgimento delle PMI 
- Simulazioni 
- Attività di formazione  
- Campagne preparatorie al lancio
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HYPERSPECTRAL AT LEONARDO 
A.Sarti1, M. Molina2  

 

3.  Leonardo Spa, via Tiburtina km 12.400 Roma, alberto.sarti@leonardocompany.com 
4.  Leonardo Spa, viale Europa snc Nerviano MI, marco.molina@leonardocompany.com 

Abstract 
Leonardo heritage in hyperspectral imaging is described, that is shown being the real foundation of the Italian 
capability in this field. 

Starting from scientific missions for planetary exploration, all done in tight collaboration with ASI, the survey 
covers both spaceborne and airborne solutions. 

Future roadmap is presented as well, to extend these capabilities into a marketplace now mature. 

The foundation (1990-2000) 
The founder of all the hyperspectral imagers built at Leonardo is the VIMS instrument, launched on Cassini 
in 1997 and still operating twenty years later, in 2017. The Cassini mission, a collaborative effort between 
ASI, ESA and NASA will end in autumn 2017 with a deep dive in Saturn atmosphere. VIMS is a compact (4.5 
kg) grating-based spectrometer with less than 2 nm spectral resolution and a passive cooling. 

In parallel with this Space camera, the instruments called VIRS and SIM.GA 1 were developed for airborne 
hyperspectral imaging, devoted to early experimental flight campaigns. 

The growth (2000-2011) 
The following decade (see the ASI presentation on the Italian national roadmap, part of this workshop), a 
series of hyperspectral imagers were developed for ASI and operated by the Italian scientific community in 
the Solar System. The first successful VIRTIS instrument was flown in 2004 on Rosetta, the ESA mission that 
arrived to comet 67P in 2014 and discovered organic material on the comet surface and the cycle of water 
of a comet. Three other VIRTIS-like spectrometers were flown to various Solar System bodies: in 2005 on 
board VENUS EXPRESS (ESA) toward Venus, in 2007 on board Dawn (NASA) toward the Ceres dwarf planet, 
in 2011 the Jiram spectrometer on board Juno (NASA) toward Jupiter. 

The three VIRTIS instruments were almost identical one another: actively cooled, with a spectral range from 
0.25 to 5 micron split in 864 bands. Jiram, instead, benefitted from the cold environment at Jupiter distance 
from the Sun and had a passive cooling concept. 

In parallel, most of the imaging acquisition campaigns with SIM.GA 2 (from 0.4 to 2.5 micron bandwidth) 
were flown, with an unprecedented amount of data collected and shared with the scientific community. The 
airborne instruments and flight campaigns, as well as ground-based measurements for cultural heritage 
monitoring, are presented in a specific talk of this workshop. 

The maturity (2012-Χύ 
During Jiram development, several studies started to define an hyperspectral mission for Earth Observation: 
Hypseo for ASI, JHM with ASI and Canadian Space Agency, PRISMA for ASI and SHALOM for ASI and Israeli 
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Space Agency. All of them are based on the pushbroom concept, that allows to acquire the scene strip thanks 
to the satellite motion. 

While the planetary track solidly continued with SIMBIO-SYS for Bepi-Colombo to Mercury (launch foreseen 
in 2018) and with MAJIS spectrometer for JUICE to Jupiter (launch foreseen after 2020), the Earth 
Observation track is rapidly progressing with the imminent launch of PRISMA (2018), a 180 kg instrument 
with a prism as a dispersion medium and an outstanding Signal-to-Noise-Ratio: the SNR is > 200 in the VNIR 
and > 100 in the SWIR, which represents nowadays the state-of-the-art. PRISMA has a spectral range from 
0.4 to 2.5 micron, a spectral resolution of 12 nm and a Ground Sampling Distance (GSD) of 30 m. Several 
other papers are dedicated to PRISMA in this workshop, and the symposium itself is named after PRISMA. 

PRISMA evolution is SHALOM (launch foreseen in 2021), a 100 kg imager with a grating for the light dispersion 
and a GSD of 10 m: SHALOM and the Italian-Israeli collaboration that is targeting its development are 
described in detail in a presentation of this workshop. 

In 2013-14 Leonardo, in its UK premises, made trial flights to set up a precision agriculture service, that was 
released in 2016 and is currently available online for wheat (https://www.datamapper.com/algorithms/n-
wheat). 

The successes of Leonardo in the hyperspectral fields continue with spectrometers like FLEX, whose 
characteristics are described in a specific presentation of the workshop.  

FLEX project aims at revealing photosynthesis photoluminescence from 800 km orbit: its development phase 
started in 2016 and is planned to be operational in 2020 to map vegetation status worldwide. 

Leonardo is ready to take the challenges of the Earth Observation market, with compact instruments, less 
than 50 kg, capable to operate on board mini-satellites, in small constellations, and with a GSD as small as 20 
m. In this case the superiority will be the frequent revisit time, the possibility of pan-sharpening the 
hyperspectral images and the possibility of data fusion with other sources (e.g. SAR). 

 
Fig. 1 Leonardo hyperspectral instruments heritage and future 

 

https://www.datamapper.com/algorithms/n-wheat
https://www.datamapper.com/algorithms/n-wheat
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COPERNICUS HYPERSPECTRAL MISSION 
Andrea Bucarelli1  

 

1.  e-GEOS, Via Tiburtina 965, +390640793885, Andrea.Bucarelli@e-geos.it 

Abstract 
The consortium, led by e-GEOS, with several other partners, both institutional and industrial, has been 
recently awarded a contract by the European Space Agency for the definition of the requirements of a future 
hyperspectral mission. The mission and technical requirements will be identified after a critical assessment 
ƻŦ ǘƘŜ ǳǎŜǊǎΩ ƴŜŜŘǎ ŀƴŘ ƻŦ ǘƘŜ ƻǇŜǊŀǘƛƻƴŀƭ ǎŜǊǾƛŎŜǎΦ ¢ƘŜ ǎǘǳŘȅ ǿƛƭƭ ŀƭǎƻ ŎƻƴǎƛŘŜǊ ǇƻǎǎƛōƭŜ ǎȅƴŜǊƎƛŜǎ ǿƛǘƘ 
existing and future EO hyperspectral/multispectral missions.  

Copernicus Hyperspectral Mission 
It is demonstrated that hyperspectral imaging can resolve bio-physical, bio-chemical and geo-chemical 
variables in detail thanks to the richness of the spectral information, the so-ŎŀƭƭŜŘ άŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ 
ŦƛƴƎŜǊǇǊƛƴǘƛƴƎέΦ {ŜǾŜǊŀƭ ŀǇǇƭƛŎŀǘƛƻƴǎ Ŏŀƴ take advantage of such feature to detect, classify and monitor 
natural and man-made elements of land surfaces as well as coastal areas and inland water bodies, to name 
a few. 

In Europe there is vast experience from airborne hyperspectral imagers covering the visible to shortwave 
infrared, however, only two Earth Observation hyperspectral imagers have flown in space up to now. 
Considering the advantages of hyperspectral imaging a future Copernicus Sentinel hyperspectral mission is 
assumed it could emerge in the next years. To this scope, the European Space Agency recently assigned a 
ǎǘǳŘȅ ŦƻǊ ŀƴ άIȅǇŜǊǎǇŜŎǘǊŀƭ LƳŀƎƛƴƎ aƛǎǎƛƻƴ /ƻƴŎŜǇǘǎέ ǘƻ ǘƘŜ ŎƻƴǎƻǊǘƛǳƳ ƭŜŘ ōȅ Ŝ-GEOS. 

Main objectives 
The main objective of the study is to define the mission and technical requirements for future operational 
hyperspectral imaging systems assessing future needs of hyperspectral imaging data and related products 
and services. This will be done primarily collecting and analyzing the European Commission user 
requirements and EU poliŎƛŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ǘǊǳƭȅ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǳǎŜǊǎΩ ƴŜŜŘǎΦ ¢ƘŜƴ ŀ ŎƻƳǇƭŜǘŜ ǊŜǾƛŜǿ ƻŦ 
current and novel applications based on hyperspectral data will be performed to establish a solid baseline of 
relevant (from user perspective) applications. Finally, based on the previous results, the study will identify 
different mission scenarios and propose the possible system concepts and the corresponding architecture 
elements. The proposed mission concepts will take into account current and imminent offerings from 
European industry for what concern the sensor, the space segment and the ground segment. 

The Consortium 
Several institutional and industrial partners with a proven expertise and background experience in the 
hyperspectral domain compose the consortium. They are e-GEOS, which acts as prime contractor, CGS, CNR, 
INGV, ISPRA, Leonardo, Planetek Hellas, Space4Environment and Telespazio. It is worth noting that the 
ŎƻƴǎƻǊǘƛǳƳ ƛǎ ŀƭǎƻ ŀōƭŜ ǘƻ ŎƻǾŜǊ ŀƭƭ ǘƘŜ ŀŎǘƻǊǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ /ƻǇŜǊƴƛŎǳǎ tǊƻƎǊŀƳƳŜ ƛΦŜΦ ǳǎŜǊΩǎ ƴŜŜŘǎ 
representatives and collectors, algorithms & products designers, satellite systems & sensors designers and 
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operators and finally the GI service providers. This assures the most complete vision and a chain designed to 
achieve a dual environmental and economic objective.
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ATTIVITÀ DI CALIBRAZIONE E VALIDAZIONE 
PER STRUMENTAZIONE IPERSPETTRALE 
{¦[[Ω!w9! ¢9{¢ 5L {!N ROSSORE   

Donatella Guzzi1, Vanni Nardino1, Ivan Pippi1, Cinzia Lastri1, Valentina Raimondi  

1.  IFAC-CNR, Via Madonna del Piano 10,055 5226301, d.guzzi@ifac.cnr.it 

Abstract 
Disporre di dati telerilevati correttamente calibrati e validati rappresenta un requisito fondamentale per 
poter risalire alle grandezze bio-geo-ŦƛǎƛŎƘŜ ŘŜǎŎǊƛǘǘƛǾŜ ŘŜƭƭΩŀƳōƛŜƴǘŜ ƻǎǎŜǊǾŀǘƻΦ 5ŀ ǇƛǴ Řƛ ǉǳƛƴŘƛŎƛ ŀƴƴƛ 
ŀƭƭΩƛƴǘŜǊƴƻ ŘŜƭƭŀ ¢Ŝƴǳǘŀ Řƛ {ŀƴ wƻssore vengono svolte campagne di calibrazione e validazione di sensori 
ŀŜǊƻǎǇŀȊƛŀƭŜ ǇƻƴŜƴŘƻ ǇŀǊǘƛŎƻƭŀǊŜ ŀǘǘŜƴȊƛƻƴŜ ŀƭƭŀ ŎŀǊŀǘǘŜǊƛȊȊŀȊƛƻƴŜ Ŝ ŎƻǊǊŜȊƛƻƴŜ ŘŜƎƭƛ ŜŦŦŜǘǘƛ ŘŜƭƭΩŀǘƳƻǎŦŜǊŀΦ 
[ΩŀǊŜŀ ŝ ƛƴƻƭǘǊŜ ǳǘƛƭƛȊȊŀǘŀ ǇŜǊ ƳƻƴƛǘƻǊŀǊŜ ƭΩŜǾƻƭǳȊƛƻƴŜ ŘŜƭƭΩŜŎƻǎƛǎǘŜƳŀ ŘŜƭla fascia costiera che comprende 
campi coltivati, pinete, zone umide, spiagge, foci di fiumi e mare. Durante tutta la vita operativa di 
/IwL{κtǊƻōŀ ŘŜƭƭΩ9{!Σ {ŀƴ wƻǎǎƻǊŜ ŝ ǎǘŀǘƻ ǳǘƛƭƛȊȊŀǘƻ ŎƻƳŜ ǳƴƻ ŘŜƛ ǎƛǘƛ Řƛ ŎŀƭƛōǊŀȊƛƻƴŜ Ŝ ǾŀƭƛŘŀȊƛƻƴŜ ŘŜƭƭŀ 
missione, permettendo di migliorare la conoscenza dei processi coinvolti nel monitoraggio degli ambienti 
ŎƻǎǘƛŜǊƛΦ bŜƭƭΩŀƎƻǎǘƻ ŘŜƭ нлмн ƛƴ ŎƻƛƴŎƛŘŜƴȊŀ Ŏƻƴ ǳƴΩŀŎǉǳƛǎƛȊƛƻƴŜ Řƛ I¸t9wLhb ŝ ǎǘŀǘŀ ŜŦŦŜǘǘǳŀǘŀ ƭŀ ŎŀƳǇŀƎƴŀ 
cal/val di telerilevamento aereo con il sensore DAEDALUS di AGEA/TELAER-STA. Grazie alla concomitanza 
ŘŜƭƭŜ ŘǳŜ ŀŎǉǳƛǎƛȊƛƻƴŜ ŝ ǎǘŀǘƻ ǇŜǊŎƛƼ ǇƻǎǎƛōƛƭŜ ŜŦŦŜǘǘǳŀǊŜ ǳƴΩŀǘǘƛǾƛǘŁ Řƛ ŎǊƻǎǎ-calibarzione fra sensori. Queste 
ǇǊƻŎŜŘǳǊŜ ƛƴǘŜƎǊŀǘŜ Řƛ ŎŀƭƛōǊŀȊƛƻƴŜ Ŝ ǾŀƭƛŘŀȊƛƻƴŜ Ǉƻǎǎƻƴƻ ŜǎǎŜǊŜ ǊŜǇƭƛŎŀǘŜ ƴŜƭƭΩŀƳōƛǘƻ ŘŜƭƭŀ Ƴƛǎsione PRISMA 
di ASI. 

La Tenuta di San Rossore e le campagne di Cal/Val  
La possibiltà di disporre di dati acquisiti correttamente calibrati e validati rappresenta un requisito 
fondamentale per poter risalire alle grandezze bio-geo-ŦƛǎƛŎƘŜ ŘŜǎŎǊƛǘǘƛǾŜ ŘŜƭƭΩambiente osservato. Tutte le 
missioni di osservazione della Terra richiedono accurate procedure di calibrazione radiometrica, spettrale e 
geometrica strumentale degli suoi sistemi ottici integrati sul satellite. Da più di quindici anni vengono svolte 
attività di studio, di calibrazione e validazione di dati acquisiti da satellite e da aereo (quali CASI, MIVIS, VIRS-
200, DAEDALUS, HYPER-{LaD!Σ I¸t9wLhbΣ /IwL{ύ ƴŜƭƭΩŀǊŜŀ ŀǘǘǊŜȊȊŀǘŀ ŀƭƭΩƛƴǘŜǊƴƻ ŘŜƭƭŀ ¢Ŝƴǳǘŀ Řƛ {ŀƴ wƻǎǎƻǊŜ 
ǎƛǘǳŀǘŀ ŀƭƭΩƛƴǘŜǊƴƻ ŘŜƭ tŀǊŎƻ bŀǘǳǊŀƭŜ Řƛ aƛƎƭƛŀǊƛƴƻΣ {ŀƴ wƻǎǎƻǊŜ Ŝ aŀǎǎŀŎƛǳŎŎƻƭƛΦ [ΩŀǊŜŀ ŝ ǳǘƛƭƛȊȊŀǘŀ ǇŜǊ 
ƳƻƴƛǘƻǊŀǊŜ ƭΩŜŎƻǎƛǎǘŜƳŀ ŘŜƭƭŀ ŦŀǎŎƛŀ ŎƻǎǘƛŜǊŀΣ ŎƻƳǇǊŜƴŘŜƴǘŜ ǇƛƴŜǘŜΣ ȊƻƴŜ ǳƳƛŘŜΣ ǎǇƛŀƎƎŜΣ ŦƻŎƛ Řƛ ŦƛǳƳƛΣ ƛƭ 
ƳŀǊŜ ǇǊƻǎǇƛŎŜƴǘŜ Ŝ ƭŀ ōŀǎǎŀ ŀǘƳƻǎŦŜǊŀΦ !ƭƭΩƛƴǘŜǊƴƻ ŘŜƭƭŀ ¢Ŝƴǳǘŀ Řƛ {ŀƴ wƻǎǎƻǊŜ ǎi ha una ampia varietà di 
coperture arboree ed erbacee che risultano particolarmente adatte per test di riconoscimento dei vari tipi di 
vegetazione. Inoltre la spiaggia ed il mare antistante alla Tenuta costituiscono ottime zone di studio, 
permettendo lo sǘǳŘƛƻ ŘŜƭƭΩƛƴǘŜǊŀȊƛƻƴŜ ŘŜƭƭŜ ŎƻƳǇƻƴŜƴǘƛ ŘƛǎŎƛƻƭǘŜ όƛƴǉǳƛƴŀƴǘƛΣ ǎŜŘƛƳŜƴǘƛΣ ƳŀǘŜǊƛŀƭŜ ƻǊƎŀƴƛŎƻύ 
con i differenti biomi presenti nella Tenuta. Nel corso degli anni sono state attrezzate, anche in collaborazione 
con altri gruppi di ricerca, aree di studio permeanenti e temporanee sia per monitorare differenti parametri 
ambientali sia per svolgere attività di calibrazione e validazione di dati acquisiti durante sorvoli aerei e/o 
ǎŀǘŜƭƭƛǘŀǊƛΦ ¢ŀƭƛ ŀǘǘƛǾƛǘŁ ǎƻƴƻ ǎǘŀǘŜ ǊŜǎŜ Ǉƻǎǎƛōƛƭƛ ƎǊŀȊƛŜ ŀƭƭŀ ŘƛǎǇƻƴƛōƛƭƛǘŁ ŘŜƭƭΩEnte Parco, che ha supportato il 
ƴƻǎǘǊƻ ƎǊǳǇǇƻ Řƛ ǊƛŎŜǊŎŀ ƳŜǘǘŜƴŘƻ ŀ ŘƛǎǇƻǎƛȊƛƻƴŜ ƭƻŎŀƭƛ ǎƛǘǳŀǘƛ ƴŜƭƭΩŀǊŜŀ Řƛ ƛƴǘŜǊŜǎǎŜΣ Ŝ ǎǾŀǊƛŀǘŜ ƛƴŦƻǊƳŀȊƛƻƴƛ 
Ŝ Řŀǘƛ ǉǳŀƭƛ ƭŀ ŎŀǊǘƻƎǊŀŦƛŀ ŘƛƎƛǘŀƭŜ ǘŜƳŀǘƛŎŀΣ ƛƭ 59a ŎƻƳǇǊŜƴǎƛǾƻ ŘŜƭƭΩŀƭǘŜȊȊŀ ŘŜƭƭŜ ǇƛŀƴǘŜ ŜŘ ƛ Ǉƛŀƴƛ Řƛ 
assesǘŀƳŜƴǘƻ ŘŜƭƭŀ ¢ŜƴǳǘŀΦ !ƭƭΩƛƴǘŜǊƴƻ ŘŜƭƭŀ ¢Ŝƴǳǘŀ ƛƭ ƎǊǳǇǇƻ ǇǳƼ ǇƛŀƴƛŦƛŎŀǊŜ ŜŘ ŜǎŜƎǳƛǊŜ ǎǾŀǊƛŀǘŜ ŎŀƳǇŀƎƴŜ 
di misura a terra in concomitanza con sorvoli sia aerei che satellitari al fine di calibrare e validare i dati 
acquisiti. In concomitanza con i sorvoli sono stati acquisiti a terra dati di riflettanza spettrale del suolo, mentre 
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ƭΩǳǘƛƭƛȊȊƻ Řƛ ǎǘŀȊƛƻƴƛ ƳŜǘŜƻ Ƙŀ ǇŜǊƳŜǎǎƻ Řƛ ƳƛǎǳǊŀǊŜ ƭΩƛǊǊŀŘƛŀƴȊŀ ǎƻƭŀǊŜ ǘƻǘŀƭŜ Ŝ ǎǇŜǘǘǊŀƭŜΣ ƴŜƭƭŜ ǎǳŜ 
componenti diretta e diffusa, la direzione e velocità del vento, la temperatuǊŀΣ ƭŀ ǇǊŜǎǎƛƻƴŜ Ŝ ƭΩǳƳƛŘƛǘŁ 
ŘŜƭƭΩŀǊƛŀ ƴŜƛ ǇǊƛƳƛ ол ƳŜǘǊƛ Řƛ ŀǘƳƻǎŦŜǊŀΦ 5ǳǊŀƴǘŜ ƻƎƴƛ ŎŀƳǇŀƎƴŀ Řƛ ƳƛǎǳǊŀ ŝ ǎŜƳǇǊŜ ǎǘŀǘŀ Ǉƻǎǘŀ ǇŀǊǘƛŎƻƭŀǊŜ 
attenzione al miglioramento degli algoritmi di correzione radiometrica e di correzione degli effetti atmosferici 
implementati da nostro gruppo di ricerca.  

Le campagne cal/val per i sensori CHRIS, DAEDALUS e HYPERION 
La lunga serie di acquisizioni effettuate dal sensore CHRIS su PROBA1 e la breve campagna di telerilevamento 
che ha coinvolto lo spettrometro ad immagine Hyperion su satellite  EO-1 ed il sensore multispettrale 
DAEDALUS su piattaforma aerea VIATOR, sono due diversi esempi di campagne di cal/val svolte presso la 
Tenuta di San Rossore.  

Dal 2002 al 2015 il sensore iperspettrale multiangolare CHRIS a bordo del satellite Proba-1 ha acquisito 
ƛƳƳŀƎƛƴƛ ŘŜƭ tŀǊŎƻ Řƛ {ŀƴ wƻǎǎƻǊŜ ƴŜƭƭΩ ŀƳōƛǘƻ ŘŜƭ ǇǊƻƎŜǘǘƻ /ŀǘΦм [.w 9{!-EOPI Project ID.2832 dal titolo 
ά!ǎǎƛƳƛƭŀǘƛƻƴ ƻŦ ōƛƻǇƘȅǎƛŎŀƭ ŀƴŘ ōƛƻŎƘŜƳƛŎŀƭ ǾŀǊƛŀōƭŜǎ ƛƴ ōƛƻŎƘŜƳƛŎŀƭ ŀƴŘ ƘȅŘǊƻƭƻƎƛŎŀƭ ƳƻŘŜƭǎ ŀǘ ƭŀƴŘǎŎŀǇŜ 
ǎŎŀƭŜέΦ /IwL{ ŀcquisisce durante la stessa orbita un set di 5 immagini iperspettrali della stessa area ai seguenti 
angoli di vista: +55°, +36°, 0°, -36°, -55° nella banda spettrale compresa fra 400 nm e 1050 nm. La lunga serie 
di acquisizioni effettuata da CHRIS, insieme ŀƭƭΩŀǘǘƛǾƛǘŁ Řƛ ŎŀƭƛōǊŀȊƛƻƴŜ Ŝ ǾŀƭƛŘŀȊƛƻƴŜ ŘŜƛ Řŀǘƛ ŀŎǉǳƛǎƛǘƛ όCƛƎΦ м!ύΣ 
Ƙŀ ǇŜǊƳŜǎǎƻ Řƛ ǎǾƻƭƎŜǊŜ ǳƴΩŀƴŀƭƛǎƛ ƳǳƭǘƛǘŜƳǇƻǊŀƭŜ Ŝ ƳǳƭǘƛǎǇŜǘǘǊŀƭŜ Řƛ ǾŀǎǘŜ ŀǊŜŜ ŘŜƭ tŀǊŎƻ ƳƛƎƭƛƻǊŀƴŘƻ ƭŀ 
conoscenza di vari processi bio-geochimici che sono coinvolti nel monitoraggio dello stato della vegetazione.  

Durante la campagna di calibrazione/validazione del sensore sensore DAEDALUS - TELAER STA  effettuata il 
мл ŀƎƻǎǘƻ нлмнΣ ŝ ǎǘŀǘŀ ƛƴǾŜŎŜ ǎŦǊǳǘǘŀǘŀ ƭŀ ŎƻƛƴŎƛŘŜƴȊŀ ŘŜƭƭΩŀŎǉǳƛǎƛȊƛƻƴŜ ŘŜƭ ǎŜƴǎƻǊŜ IȅǇŜǊƛƻƴ Ŏƻƴ ƭƻ ǎŎŀƴƴŜǊ 
multisǇŜǘǘǊŀƭŜ 5ŀŜŘŀƭǳǎ !!мнту Ƴƻƴǘŀǘƻ ǎǳƭƭΩŀŜǊŜƻ ǘǳǊōƻŜƭƛŎŀ !tсу¢t-600 Viator, per effettuare una 
campagna di calibrazione incrociata fra i due sensori. Durante la campagna di telerilevamento sono stati 
caratterizzati a terra vari tipi di suolo e vegetazione attraverso una serie di misure eseguite con uno 
spettrometro operanti nel visibile e vicino infrarosso. Inoltre sono state eseguite misure di pressione, 
temperatura, ed umidità atmosferica come pure misure di irradianza solare diretta e diffusa. Le misure 
effettuate sia a terra sia da aereo e da satellite sono state eseguite sulle medesime aree di interesse e sono 
state poi opprotunamente scalate e/o elaborate al fine di valutare la compatibilità delle diverse acquisizioni 
(Fig. 1B). 

A 
B 

Fig. 1 Immagine di PRI (acquisizione CHRIS) e reltiva validazione (a); Validazione incrociata dei sensori 
Hyperion e Daedalus (b) 

 

¢ŀƭƛ ǇǊƻŎŜŘǳǊŜ ƛƴǘŜƎǊŀǘŜ Řƛ ŎŀƭƛōǊŀȊƛƻƴŜ Ŝ ǾŀƭƛŘŀȊƛƻƴŜ ǇƻǘǊŀƴƴƻ ŜǎǎŜǊŜ ǊŜǇƭƛŎŀǘŜ ƴŜƭƭΩŀƳōƛǘƻ ŘŜƭƭŀ ƳƛǎǎƛƻƴŜ 
PRISMA di ASI. 
 



SESSIONE 5B: STRUMENTI DI SUPPORTO ALLA MISSIONE - CHAIRMAN: R. LOIZZO 
_____________________________________________________________________ 

13 
 

IL SITO APULIAN TAVOLIERE PER 
APPLICAZIONI IN AGRICOLTURA E ATTIVITÀ 
CAL/VAL DI OSSERVAZIONE DELLA TERRA 

F. Mattia1, G. Satalino1, A. Balenzano1, F. Lovergine1, A. Daddabbo1, A. Milella1, G. Attolico1, M. Rinaldi2, A. 
Castrignanò3, S. Ruggieri3, G. Rana3, C. Riefolo3, G. Annichiarico2, S.A. Colecchia2, P. Toscano4,  B. Gioli4, A. 

Matese4, F. Di Gennaro4, A. Zaldei4, V. Iacobellis5, A. Gioia5, S. Siad5,  F. Sciacqua5 
 

2.  CNR-ISSIA, via Amendola 166/D, Bari, 080 5929436, Francesco.Mattia@cnr.it 
3.  CREA-CER, S.S. 673 km 25,200, Foggia, 0881 742972, Michele.Rinaldi@crea.gov.it 
4.  CREA-SCA, via Celso Ulpiani 5, 080-5475024, Bari, Annamaria.Castrignano@crea.gov.it 
5.  URT CNR-IBIMET c/o CSDAT Viale Fortore, Foggia, P.Toscano@ibimet.cnr.it 
6.  POLIBA-DICATECh, via E. Orabona 4, Bari, 080/5963565, V.Iacobellis@poliba.it 
7.  IFAC-CNR, Via Madonna del Piano 10,055 5226301, d.guzzi@ifac.cnr.it 

 
 

Abstract 

[ΩƻōƛŜǘǘƛǾƻ Řƛ ǉǳŜǎǘƻ ƛƴǘŜǊǾŜƴǘƻ ŝ ŘŜǎŎǊƛǾŜǊŜ ƭŜ ǇƻǘŜƴȊƛŀƭƛǘŁ ŘŜƭ ǎƛǘƻ ŀƎǊƛŎƻƭƻ ά!Ǉǳƭƛŀƴ ¢ŀǾƻƭƛŜǊŜέ ŀ ǎǾƻƭƎŜǊŜ ƛƭ 
ruolo di sito cal/val per missioni di osservazione della terra (OT) e in particolare della missione PRISMA. Il sito 
ŝ ƎƛŁ ǇŀǊǘŜ ŘŜƭƭŀ ǊŜǘŜ ƛƴǘŜǊƴŀȊƛƻƴŀƭŜ W9/!a όǿǿǿΦƧŜŎŀƳΦƻǊƎύ ŜΣ ƴŜƭƭΩŀƳōƛǘƻ Řƛ ǾŀǊƛ ǇǊƻƎŜǘǘƛ1, è (o è stato) 
utilizzato come sito di validazione per modelli diretti e inversi, che legano il dato OT ai parametri bio-geofisici 
ǎǳǇŜǊŦƛŎƛŀƭƛΦ [ŀ ǇƛŀƴǳǊŀ ŘŜƭ ¢ŀǾƻƭƛŜǊŜ tǳƎƭƛŜǎŜ ǎƛ ŜǎǘŜƴŘŜ ǎǳ ǳƴΩŀǊŜŀ ǇƛŀƴŜƎƎƛŀƴǘŜ Řƛ ŎƛǊŎŀ пллл ƪƳ2 ed è 
caratterizzata da aziende agricole di medie dimensioni (e.g., 10 ha) e da terreni altamente produttivi coltivati 
ǎƛŀ ŀ ŎŜǊŜŀƭƛ ǎƛŀ ŀŘ ƻǊǘƛǾŜΦ [ΩŀǊŜŀ ƻspita centri di ricerca del CREA, CNR ed universitari e reti di misura di 
parametri meteo-ŎƭƛƳŀǘƛŎƛΣ Řƛ ǳƳƛŘƛǘŁ ŘŜƭ ǎǳƻƭƻΣ ǳƴ ǊŀŘŀǊ ƳŜǘŜƻǊƻƭƻƎƛŎƻΣ ŜŎŎΦ [ΩƛƴǘŜǊŀ ŀǊŜŀΣ ǇŜǊ ƭΩƻǊƻƎǊŀŦƛŀΣ ƭŀ 
dimensione dei campi, il loro trattamento omogeneo e la concentrazione di strutture di ricerca, può svolgere 
ǳƴ Ǌǳƻƭƻ Řƛ άƻǇŜƴ ŀƛǊ ƭŀōƻǊŀǘƻǊȅέ ŘŜŘƛŎŀǘƻ ŀƭƭŀ ǊŀŎŎƻƭǘŀ ǎƛǎǘŜƳŀǘƛŎŀ Řƛ ƳƛǎǳǊŜ in situ in ambito 
agricolo/idrologico, alla validazione di prodotti OT e al loro utilizzo in applicazioni per la tutela e gestione 
sostenƛōƛƭŜ ŘŜƭƭΩŀƳōƛŜƴǘŜ Ŝ ǇŜǊ ƭΩƛƳǇƭŜƳŜƴǘŀȊƛƻƴŜ Řƛ ǘŜŎƴƛŎƘŜ Řƛ ŀƎǊƛŎƻƭǘǳǊŀ Řƛ ǇǊŜŎƛǎƛƻƴŜΦ 

Motivazioni per un sito cal/val per applicazioni OT in agricoltura  
[ΩŀƎǊƛŎƻƭǘǳǊŀ ŝ ǳƴƻ ŘŜƛ ǎŜǘǘƻǊƛ ƳŀƎƎƛƻǊƳŜƴǘŜ ŜǎǇƻǎǘƛ ŀƎƭƛ ŜŦŦŜǘǘƛ ŘŜƛ ŎŀƳōƛŀƳŜƴǘƛ ŎƭƛƳŀǘƛŎƛΣ ŜŘ ƛƴ ǇŀǊticolar 
ƳƻŘƻΣ ŘŜƭ ǊƛǎŎŀƭŘŀƳŜƴǘƻ ƎƭƻōŀƭŜΦ tŜǊ ƳƛǘƛƎŀǊƴŜ ƭΩƛƳǇŀǘǘƻ ǎŀǊŁ ƴŜŎŜǎǎŀǊƛƻ ǎǾƛƭǳǇǇŀǊŜ ƳŜǘƻŘƻƭƻƎƛŜ Ŝ ǎƛǎǘŜƳƛ 
per un uso sostenibile degli input nella gestione delle pratiche agronomiche in pieno campo al fine di limitare 
fenomeni di stress biotici ed abiotici che andranno ad incidere in maniera sempre più importante sulla 
fisiologia delle specie vegetali. Nel giro di pochi anni, le osservazioni radar e multispettrali delle missioni 
Sentinel del programma EU Copernicus insieme a quelle iperspettrali di missioni nazionali come PRISMA 
consentiranno lo sviluppo di modelli interpretativi e predittivi in grado di prevedere le dinamiche di crescita 

                                                           
1 e.g., H2020 SENSAGRI (www.sensagri.eu); ESA Exploit-S-1 (https://exploit-s-1.ba.issia.cnr.it); FP7 IMAGES global 
network (http://fp7 -imagines.eu/); ASI COSMOLAND (http://www.issia.cnr.it/wp/projects/); MIPAAF AQUATER 
(http://www.inea.it/aquater); 

mailto:V.Iacobellis@poliba.it
http://www.sensagri.eu/
https://exploit-s-1.ba.issia.cnr.it/
http://fp7-imagines.eu/
http://www.issia.cnr.it/wp/
http://www.inea.it/aquater
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e sviluppo/sofferenza delle piante su larga scala e ad alta risoluzione spaziale/temporale. Tra i fattori che 
posǎƻƴƻ ǾŜƭƻŎƛȊȊŀǊŜ ƛƭ ŎƻƴǎƻƭƛŘŀƳŜƴǘƻ ŘŜƭƭΩǳǎƻ ƻǇŜǊŀǘƛǾƻ ŘŜƭ Řŀǘƻ h¢ ǎƻƴƻ ŎǊǳŎƛŀƭƛΥ 

¶ ǳƴΩŀŎŎǳǊŀǘŀ ŎŀƭƛōǊŀȊƛƻƴŜκǾŀƭƛŘŀȊƛƻƴŜ ŘŜƭ Řŀǘƻ ŀǘǘǊŀǾŜǊǎƻ ƛƭ ŎƻƴŦǊƻƴǘƻ Ŏƻƴ ƳƛǎǳǊŜ in situ raccolte 
sistematicamente secondo standard di riferimento; 

¶ ƭŀ ŘƛƳƻǎǘǊŀȊƛƻƴŜ ŘŜƭƭΩǳǘƛƭƛtà del dato OT in applicazioni pre-operative, per esempio, per la gestione 
delle colture, la programmazione dei fabbisogni irrigui, la previsione delle rese.   

Tuttavia, esiste una cronica scarsità di siti agricoli nei quali sia possibile una duratura collaborazione tra 
aziende agricole ed enti di ricerca, che consenta, per esempio, di acquisire sistematicamente in condizioni 
controllate serie temporali di misure in situ. Questo contesto favorevole, invece, è presente nel Tavoliere 
Pugliese, dove più di 600 Ƙŀ Řƛ ǎǳƻƭƛ ŀƎǊƛŎƻƭƛ ǎƻƴƻ Řƛ ǇǊƻǇǊƛŜǘŁ ŘΩƛǎǘƛǘǳǘƛ ǇǳōōƭƛŎƛ Řƛ ǊƛŎŜǊŎŀ ƛ ǉǳŀƭƛ Ƙŀƴƴƻ ƭŜ 
competenze scientifiche per poter effettivamente validare in campo, su una scala sufficientemente 
rappresentativa, i benefici del dato OT in applicazioni agricole e metǘŜǊŜ ŀ ŘƛǎǇƻǎƛȊƛƻƴŜ ŘŜƭƭΩƛƴǘŜǊŀ ŎƻƳǳƴƛǘŁ 
scientifica dati e risultati.  

Misure in situ ed osservazioni iperspettrali   
[Ŝ ŀǇǇƭƛŎŀȊƛƻƴƛ Řƛ ƳŀƎƎƛƻǊ ƛƴǘŜǊŜǎǎŜ ǇŜǊ ƭΩŀǊŜŀ ǊƛƎǳŀǊŘŀƴƻ ƛƭ ŎƻƴǘǊƻƭƭƻ ŘŜƭƭŜ ŎƻƴŘƛȊƛƻƴƛ Řƛ ǎǘǊŜǎǎ ƛŘǊƛŎƻ ŘŜƭƭŜ 
ǇƛŀƴǘŜΣ ƭΩƛŘŜƴǘƛŦƛŎŀȊƛƻƴŜ Řƛ ŦƛǘƻǇŀǘƛŜΣ ƭŀ ǾŀƭǳǘŀȊƛƻƴŜ ŘŜƭƭΩǳǎƻ Řƛ ǇǊŀǘƛŎƘŜ Řƛ ŀƎǊƛŎƻƭǘǳǊŀ ŎƻƴǎŜǊǾŀǘƛǾŀΣ ƭŀ ǎǘƛƳŀ ŘŜƛ 
fabbisogni irrigui delle varie colture e la previsione delle loro rese.  

I parametri del suolo e colturali che sono acquisiti sul sito comprendono: mappe delle colture, e loro 
andamenti fenologici; serie temporali di LAI, biomassa vegetale, umidità del suolo; flussi di calore 
latente/sensibile e di CO2.  

[ΩƻǎǎŜǊǾŀȊƛƻƴŜ ŘŜƭƭŜ ǇǊƻǇǊƛŜǘŁ Řƛ ǊƛŦƭŜǘǘŀƴȊŀ ŘŜƭƭŀ ǾŜƎŜǘŀȊƛƻƴŜΣ ƛƴ ōŀƴŘŜ ŘŜƭ ±L{ Ŝ bLw Ƴƻƭǘƻ ǎǘǊŜǘǘŜ όŜΦƎΦΣ 
~1nm), può essere correlata con specifiche caratteristiche fisico-chimiche delle piante, quali la loro 
composizione biochimica, la struttura fisica e il contenuto idrico, e può, quindi, fornire notevoli miglioramenti 
ƴŜƭƭΩƛƴŘƛǾƛŘǳŀȊƛƻƴŜ ŘŜƎƭƛ ǎǘǊŜǎǎ ŦƛǎƛƻƭƻƎƛŎƛΦ ¢ǳǘǘŀǾƛŀΣ ƭΩƛƳǇƛŜƎƻ ŘŜƛ Řŀǘƛ ƛǇŜǊǎǇŜǘǘǊŀƭƛ ǊƛŎƘƛŜŘŜ ƭƻ ǎǾƛƭǳǇǇƻ Řƛ ƴǳƻǾƛ 
algoritmi che permettano di selezionare il sottoinsieme ottimale di bande capace di discriminare 
efficacemente fra piante in differenti condizioni fisiologiche. 

Le tecniche di misura del dato multi- ed iper-ǎǇŜǘǘǊŀƭŜ ŀǘǘǳŀƭƳŜƴǘŜ ƛƴǾŜǎǘƛƎŀǘŜ ŎƻǇǊƻƴƻ ƭΩƛƴǘŜǊŀ ŦƛƭƛŜǊŀ ŎƘŜ Ǿŀ 
Řŀ ƳƛǎǳǊŜ Řƛ ƭŀōƻǊŀǘƻǊƛƻΣ ŀ ǉǳŜƭƭŜ Řƛ άǇǊƻȄƛƳŀƭΣ ŀŜǊƛŀƭ ŀƴŘ ǊŜƳƻǘŜ ǎŜƴǎƛƴƎέ Ŝ Ǉƻǎǎƻƴƻ ŜǎǎŜǊŜ ŀŘŀǘǘŀǘŜΣ 
eventualmente opportunamente integrate, per coadiuvare attività di cal/val di sensori iperspettrali.  

Per esempio, con tecniche di proximal sensing un gruppo di ricercatori del CREA ha recentemente dimostrato 
ŎƻƳŜ ƭΩƛƳǇƛŜƎƻ Řƛ Řŀǘƛ ƛǇŜǊǎǇŜǘǘǊŀƭƛ ǇŜǊƳŜǘǘŀ Řƛ ŘƛǎŎǊƛƳƛƴŀǊŜ ŜŦŦƛŎƛŜƴǘŜƳŜƴǘŜ ŦǊŀ ŘǳŜ ǘǊŀǘǘŀƳŜƴǘƛ ƛǊǊƛƎui 
durante una stagione colturale del pomodoro da industria [1]. Inoltre, il CNR-IBIMET ha sviluppato un UAV 
prototipale basato su elettronica Mikrokopter che alloggia una telecamera multispettrale (Tetracam Snap) 
ed una termica (FLIR TAU 2) e due spettroradiometri (USB2000 & HR4000) con fibra ottica per analisi di 
ŀǘǘƛǾƛǘŁ Ŧƻǘƻ ǎƛƴǘŜǘƛŎŀ Ŝ ǇŜǊ ƭΩƛŘŜƴǘƛŦƛŎŀȊƛƻƴŜ Řƛ ŦƛǘƻǇŀǘƛŜ ǎǳƭ ǎƛǘƻ ŘŜƭ ¢ŀǾƻƭƛŜǊŜΦ ¦ƴ ŀƭǘǊƻ ǎǘǳŘƛƻ2 che ha coinvolto 
il CNR-ISSIA ha dimostrato che i veicoli agricoli con a bordo sensori di visione, lidar, termici ed iperspettrali 
ŎƻƴǎŜƴǘƻƴƻ ǎƛŀ ƭΩŀǳǘƻƳŀȊƛƻƴŜ ŘŜƭƭŀ ƎǳƛŘŀ ŘŜƭ ǾŜƛŎƻƭƻ ŎƘŜ ƭŀ ǊŀŎŎƻƭǘŀ Řƛ Řŀǘƛ Ƴǳƭǘƛ-sensore per applicazioni 
agricole. 

Bibliografia 
1. Rinaldi, M., et al., 2015. Discrimination of tomato plants under different irrigation regimes: analysis 

of hyperspectral sensor data. Environmetrics, 26: 77-88.  

                                                           
2 Progetto S3-CAV ((http://s3cav.eu/) 
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Abstract 
During the four years Italian Space Agencȅ ό!{Lύ ŦǳƴŘŜŘ ǇǊƻƧŜŎǘ ά!{L-!DLέ ό!ƴŀƭƛǎƛ {ƛǎǘŜƳƛ LǇŜǊǎǇŜǘǘǊŀƭƛ ǇŜǊ ƭŜ 
Applicazioni Geofisiche Integrate) In this context from May 6th and 11th, 2014 INGV has performed a pre-
survey for the identification and characterization of a vicarious calibration-validation remote site supporting 
the future ASI space missions. This field campaign has been conducted in Algeria in the Western Sahara 
region, in the Bechar province, more precisely in the area ranging from Ougarta and Beni Abbes 

Objective of field campaign 
With the scope of exploring the possibility to set up a new CAL/VAL test site, INGV has organized and 
deployed a field campaign in the Bechar province. This survey was necessary for acquiring the parameters 
needed for CAL/VAL site identification and characterization of possible vicarious sites for external calibration. 
The region of Ougarta Beni Abbes is located 300 km SS-² ŦǊƻƳ ǘƘŜ ǘƻǿƴ ƻŦ .ŜŎƘŀǊ ƛƴ ǘƘŜ ǿŜǎǘŜǊƴ άDǊŀƴŘ 
9ǊƎέΦ !ǊƻǳƴŘ .Ŝƴƛ !ōōŜǎ ŀƴŘ ƛǘǎ ǊŜƎƛƻƴΣ ƛǎ ǇǊŜǎŜƴǘ ŀ ƎŜƻ-ecosystem, which represents the last stage of a long 
geological history initiated here more than 600 million years ago. During the field campaign seven sites have 
been analyzed in order to understand the variety of outcropping rocks and their aerial coverage (figure 1). 
These information are needed for defining the observability of such surfaces from satellite. Table 2 shows 
the names of the measuring points and the number of spectra acquired.  

Surface spectral characterization 
Measurements of solar reflected radiance were carried out with an Analytical Spectral Device (ASD) FieldSpec 
pro portable spectroradiometer (Analytical Spectral Devices, Inc., 1994). Measures of reflectances have been 
collected on 6th,7th, and 8th May 2014 and during these days the wheater was excellent and totally cloud 
free allowing the data collection over 7 different sites.  

Photometric Measurement 
During the CAL/VAL campaign, sun-photometric measurements were performed in different places in order 
to characterize the atmospheric particulate in coincident to surface spectral measurements.  
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Surface Temperature Measurement  
Surface temperature measurements by using an Infrared Thermometer and Thermocouple Probe for contact 
temperature at soil level have been collected. This parameter is necessary for the proper retrieving of the 
surface spectral characterization.  

 

Fig. 1 Bechar Area and sites localization (inset) and Fieldspec ASD reflectance measurement. 
Horizontal green line is the reflectance threshold defined by Berthelot and Santer (2008). 

3D modelling 
The surface characterization, needed for 3D modeling, is aimed to analyze the spatial variation and 
distribution of outcropping lithology. This analysis is needed for understanding the illumination condition and 
then the shade or shadows effects to be considered in the relief-building model.  

Conclusions 
In this work, the results of the preliminary activities for the identification and characterization of a vicarious 
CAL/VAL site on Western Sahara have been reported. During the dedicated field campaign several 
measurements have been performed aimed to the surface characterization (by acquiring surface spectra, 
surface temperature and 3 D surface modelling) and atmosphere definition (by atmosphere optical thickness 
measures). Moreover surface geology information have been collected to complete the requirements 
analysis necessary for the CAL/VAL site proposition. The analysis of the collected spectra has highlighted that 
sampled sites have similar trend but different absolute value. Ougarta 6 has to be considered not suitable at 
all for CAL/VAL purposes due to its very low reflectance value with respect to the threshold defined in 
Berthelot and Santer (2008). Ougarta 1, 3 and 4 have several spectral range below the indicated threshold 
both in the VNIR and SWIR spectral region. Ougarta 2, 5 and 7 have only the initial part of the spectra below 
this threshold. Ougarta 2 and Ougarta 7 have the same reflectance spectra with a difference less than 2%.  

Reference  
1. Analytical Spectral Devices, Inc., www.asdi.com (1994)   

2. Béatrice Berthelot; Richard Santer (2008) Calibration Test Sites Selection and Characterisation 

CALIB-TN-WP210-001-VEGA (http://calvalportal.ceos.org/c/document_library/) 

http://www.asdi.com/
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Abstract 
[ŀ ƳƛǎǎƛƻƴŜ ǎŀǘŜƭƭƛǘŀǊŜ 9{! C[ǳƻǊŜǎŎŜƴŎŜ 9·ǇƭƻǊŜǊ όC[9·ύΣ Ƙŀ ƭΩƻōƛŜǘǘƛǾƻ Řƛ ƳŀǇǇŀǊŜ ƭŀ ŦƭǳƻǊŜǎŎŜƴȊŀ ŘŜƭƭŀ 
clorofilla indotta dal sole a scala globale, con una risoluzione spaziale di 300m. In questo contesto è in 
preparazione il piano di calibrazione/validazione delle stime satellitari, attraverso una rete di siti di misura, 
protocolli e strumenti, anche in riferimento alle esigenze delle missioni Copernicus (i.e. Sentinel-2 e -3). I siti 
saranno selezionati in ōŀǎŜ ŀŘ ǳƴŀ ǎŜǊƛŜ Řƛ άŎǊƛǘŜǊƛ Řƛ ǉǳŀƭƛǘŁέ Ŝ ǾŜǊǊŀƴƴƻ ŜǉǳƛǇŀƎƎƛŀǘƛ Ŏƻƴ ƴǳƻǾƛ 
spettroradiometri VNIR automatici per osservazioni in continuo pochi minuti) e di lungo periodo (stagionali). 
Le misure di radianza/riflettanza top-of-canopy, saranno impiegate per valutare la qualità dei prodotti 
satellitari Level-2. Le misure spettrali puntuali saranno integrate con osservazioni da droni, sorvoli aerei e 
ƳƛǎǳǊŜ Řƛ ŎŀƳǇƻ ŘŜƛ ǇŀǊŀƳŜǘǊƛ ōƛƻŦƛǎƛŎƛΣ ŀƭ ŦƛƴŜ Řƛ ǾŀƭǳǘŀǊŜ ƭΩŜǘŜǊƻƎŜƴŜƛǘŁ ǎǇŀȊƛŀƭŜ ŘŜƛ ǎƛǘƛΦ Lƴ ǉǳŜǎǘƻ ŎƻƴǘǊibuto 
verrà presentato il piano preliminare delle attività di cal/val in ambito FLEX e descritte alcune indicazioni sulle 
possibili sinergie con la missione PRISMA. 

Introduction  
The FLuorescence EXplorer (FLEX) is the eighth ESA Earth Explorer. The mission aims to provide global maps 
of vegetation sun-induced chlorophyll fluorescence at 300m spatial resolution, which can be used to infer 
photosynthetic activity of natural and managed ecosystems (Drusch et al., 2017). Fluorescence is in direct 
competition with plant Photosynthesis (and NPQ) and its remote measurement can open new perspectives 
for monitoring, for example, vegetation stress detection, food security or GPP estimation. Understanding the 
magnitude of sun-induced chlorophyll fluorescence at field/canopy level across a range of temporal scales 
(daily to seasonal) and range of species and plant functional types is very useful for different phases of a 
space mission development, allowing to define instruments requirements, sampling approach and validation 
schemes in the context of cal/val activities. The main aim of this contribution is i) to present some field 
experiments for fluorescence studies and ii) to show preliminary concepts of cal/val activities in the context 
of FLEX and to address synergies with PRISMA. 

Field spectroscopy and cal/val activities 

Different fluorescence products such as: i) O2-A and O2-B TOC fluorescence emission values; ii) peak values 
and peak position of TOC fluorescence emission and iii) total TOC fluorescence emission are the expected 
Level 2 products of the FLEX mission and validated using field spectroscopy techniques. Field spectral data 
collected in some selected sites can also support other imaging spectroscopy missions, as PRISMA, since they 
provide TOC radiances, apparent and true reflectance, canopy photochemical reflectance index, spectral 
vegetation indices and their time series for evaluating Temporal Composites Products. Under ESA campaigns, 
a wide dataset has been collected with a standardized state-of--art spectrometer, making the comparison of 

mailto:roberto.colombo@unimib.it
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measurements collected at different times and locations easier. Different land cover classes and forest 
species are characterized by different fluorescence values. Generally, the highest fluorescence emission has 
been found in crops, followed by broadleaf forest plants and needleleaf respectively. In the last years, 
different devices, prototypes, with variable costs, automation level, imaging systems vs non imaging systems, 
have been developed by different research institutes (e.g. Cogliati et al., 2015; Meroni et al., 2011, Corp et 
al., 2010; Daumard et al., 2010). These high-spectral resolution automatic instruments have been developed 
for unattended fluorescence measurements: they represent a novel way to provide reflectance and 
fluorescence data in a continuous way and open new perspectives for satellite cal/val activities.  

Different studies, researches and national and international efforts have been pursued and still running, for 
defining appropriate validation schemes of both radiance products and for higher level products (e.g. 
thematic maps of bio/geophysical variables). In the context of fluorescence cal/val activities, different 
important points should be considered: i) definition of the validation approach; ii) parameters to be validated 
and error metrics, iii) sites types and purposes; iv) site requirements; v) instruments requirements; vi) 
ecosystems types; vii) sampling scheme and viii) link with existing networks for ancillary measurements (e.g., 
atmospheric correction, vegetation carbon fluxes etc.). An Italian cal/val site, equipped for both 
configurations FLEX and PRISMA, to pursue common scientific and technological activities is desired and 
encouraged. 

FLEX will generate core sites for continuous hyperspectral measurements that could be useful from PRISMA 
cal/val activities (i.e. intercalibration radiance/reflectance (spectral-radiometric), irradiance (atmospheric 
parameters)). PRISMA and FLEX should, to some extent, operate together, maybe providing a tandem 
configuration for specific common hyperspectral experiments. This may represent a unique opportunity, 
particularly if the temporal mismatch between two missions is reduced, at least in some sites. PRISMA can 
provide valuable information to better characterize the spatial heterogeneity of 
structural/biophysical/biochemical parameters at the FLEX cal/val sites and may provide useful information 
to better interpret the fluorescence process. The knowledge of biophysical parameters in space and time will 
also allow to better parametrize RT model for indirect FLEX validation at the selected sites.  

Bibliografia  
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Abstract 
PRISMA (PRecursore IperSpettrale della Missione Applicativa) is an Italian hyperspectral mission, scheduled 
for launch in 2018. It is an Earth Observation project fully founded by the Italian Space Agency (ASI; Agenzia 
Spaziale Italiana). HSIS is the Hyperspectral Image Simulator (HSIS) aimed at simulate the PRISMA images as 
acquired by the VNIR, SWIR and PAN channels. The main objective of HSIS is to allow the verification of the 
production chain before its integration in the Processing Subsystem, thanks to its capability of simulating all 
the relevant knowledge about the instrument, the orbit, the radiation source, the atmosphere and the 
observed scene. The Image Simulator takes in input either synthetic or real surface reflectance/radiance 
images compatible with PRISMA sensor characteristics and atmospheric, instrument and platform 
parameters to define the simulation scenario. The Instrument simulator implements in a modular and fully 
parametrized architecture all the functions relevant to the full path of conversion of the impinging photon 
flux to the Digital Numbers produced at instrument electronics output (L0 data). The modules comprise 
image projection and propagation through telescope to HYP (hyperspectral) and PAN (panchromatic) focal 
planes, with spatial optical effects (distortion, aberrations, smile/keystone, motion effect, etc.), spectral 
filtering (channels dispersion, SRFs) and full detection chain effects (background and dark signal, noise, non-
uniformities, etc.).  

HSIS FUNCTIONS 
The hyper-spectral image simulator for PRISMA mission produces simulated PRISMA-like imagery in the 
spectral range of interest ([0.4-2.5] µm) integrating into a single tool all the relevant knowledge about the 
instrument, the radiation source, the atmosphere, and the observed scene and considering: 

¶ orbital and attitude movements of the satellite during push-broom acquisition;  

¶ Sun ephemerids and atmospheric effects;  

¶ Earth surface properties as reflectivities and/or ToA radiances, Digital Elevation Models;  

¶ Electro/Optical sensor characteristics taking into account geometric, spectral and radiometric 
behavior; 

¶ Generation of the Digital Counts and L0 formatting in the CCSDS format. 

HSIS performs the mapping from Earth surface to sensor detector array, taking into account the geometry of 
image acquisition (satellite position, orbit and attitude, digital elevation model of the acquisition scene). 
Then, the radiance at the top of the atmosphere is computed, from the surface reflectance data by applying 
the radiative transfer model including a Lambertian surface model. The radiative transfer model is 
implemented by using the Moderate Resolution Transmittance Code (MODTRAN) 5, while the effects of 
surface shading and of the shadow are modelled by considering a DEM as input and Sun ephemerids at the 
acquisition time. At this stage, HSIS generates the hyperspectral and panchromatic radiances images at the 
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Top of Atmosphere as perfect sensor images. In particular, the image formation on the moving focal plane is 
performed considering an ideal push-broom linear array generation along input pre-defined orbit and with 
the temporal law of the satellite attitude as defined by input parameters, without optical distortion and 
noises and carried by a platform without neither attitude nor orbit perturbations. 

The successive simulation process is the application of all the realistic effects generated by the electro/optical 
system. To this aim, HSIS includes, in addition to service modules for multi-dimensional data manipulation, 
the following main modules: 

¶ A spatial module to apply the spatial filtering effects to the acquired images, introduced by the 
instrument optics, the push-broom scanning motion, the disturbances (drift, jitter), the pixel 
response. 

¶ A spectral module to apply the spectral response functions of each band to the spectral irradiance 
impinging on instrument focal planes (VNIR, SWIR, PAN). 

¶ A radiometric module, implementing the full electronics detection chain generating discretized pixel 
signals in output from the instrument on-board processing board, including pixel-by-pixel 
distributions of gain, offset, noise. 

The output data in digital counts from VNIR-SWIR channels has 3D dimensions (samples, lines, bands), the 
PAN channel output has 2D dimensions (samples, lines). The raw data is formatted into CCSDS packets. 

HSIS product example 
In the following, an example of simulated images based on radiances retrieved from AVIRIS Hyperspectral 
data (data code: f080709t01p00r13rdn). The ingested radiances are acquisition over the coast Michigan Lake 
south of Manistee National Forest (Grand and Kalamazoo River Outlets, MI) in 2008, 8th July. 

 

 

  

a) ToA Radiance Hypercube 
before the application of the 

sensor model 

b) VNIR channels Digital Counts c) SWIR channels Digital Counts 
(SWIR has a 2 different gains in 
the ranges 9.95-1.4um and 1.4-

2.5um) 

VNIR and SWIR DC results: scene on top left image, detail on the red square and spectral profile for the central 
point of the detail in the bottom plot. 
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CONCLUSIONS 
The presentation provides a description of the PRISMA image simulator HSIS, that has been designed and 
developed in the framework of the PRISMA programme with the aim of testing and evaluating the 
performances of the L1 and L2 processors. An example of HSIS results has been provided, based on AVIRIS 
Hyperspectral input data. 
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Abstract 
In the frame of the Italian Space Agency (ASI) Hyperspectral Mission PRISMA (Precursore IperSpettrale della 
Missione Applicativa), the Istituto Nazionale di Geofisica e Vulcanologia (INGV) is coordinating the scientific 
project ASI-AGI (Analisi Sistemi Iperspettrali per le Applicazioni Geofisiche Integrate) to develop specific 
algorithms and products for various geophysical applications. In this project a PRISMA-like data simulator to 
test the specific algorithms during the developing phases of the PRISMA mission has been developed. STORE 
(Simulator of TOa RadiancE) is an image satellite sensor simulator developed  to generate a simulated 
hyperspectral data. Its input is a set of parameters in terms of reflectance, sensor features, atmospheric 
profiles and topographic information in terms of DEM offering the capability to generate a synthetic image. 
For this work we have chosen Mt. Etna as test site, due to several ground campaigns performed in the last 
10 years. Hyperion data, comparable to PRISMA, have been used to test STORE itself. The results encourage 
us to consider STORE as an opportunity to simulate the top of atmosphere radiance (and the at-sensor 
radiance if sensor spectral response function is known) acquired by new sensors for future missions.  

STORE tool and results 
In order to properly simulate by means STORE tool the hyperspectral images, with a spectral range from 0.4 
to 2.5 mm, several inputs have to be used. The confidence of the simulated images depends on the capability 
to constrain the input data.  

During the STORE design phase, we have considered inputs related to the earth-atmosphere-sensor 
geometry and spectral response function as baseline for obtaining a suitable simulated image. The study does 
not consider parameters related to sensor technical characteristics such as Signal-to-Noise Ratio (SNR) of 
sensor and the electro-mechanical noise due to sensor functionalities. 

The following inputs have to be used to obtain at-sensor radiances in different channels of the sensor: 

¶ Radiative Transfer Model, MODTRAN, that is the main core of STORE; this code offers the possibility 
to simulate under different atmospheric and surface conditions  the interaction among sensor and 
target; 

¶ Atmospheric features in terms of visibility, water vapour amounts, aerosol types and depth, etc, to 
correctly model the atmosphere's optical properties; 

¶ Surface characterization/field campaigns in terms of surface temperature, land surface spectral 
response (known also as albedo or surface reflectance) and topography (or altitude) to allow to 
describe the image viewed by the sensor; 
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¶ Sensor information/SRF in terms of satellite attitude (considering the geometry among source, 
sensor and target),  day and time of  acquisition, spectral response function (SRF), spectral channels 
resolution and distribution to proper define the correct acquisition geometry. 

 

In Fig.1 an example of STORE PRISMA-like simulation has been reported. 

 

 

Fig. 1 Comparison of simulated PRISMA-like spectra (red VNIR and green SWIR) with Hyperion real 
data spectra (blue). On the left an RGB image and two areas: Piano delle Concazze (up) and 
vegetation area (down).The different value of radiance in the visible range can be due to atmospheric 
information used for simulation.   

Conclusion and next steps  
The proposed scheme is quite useful in understanding the at-sensor signals in the diverse atmosphereς
surface scenario before the launch of a satellite. In order to constrain the simulation setup for STORE model, 
several inputs have to be considered for obtaining a reliable TOA radiance, such as surface reflectance, 
topography  and sensor attitude but analysing the simulation results it is important to remark the role of the 
atmospheric parameterizations. Moreover, considering that this study has not consider parameters related 
to sensor technical characteristics such as Signal-to-Noise Ratio (SNR) of sensor and the electro-mechanical 
noise due to sensor functionalities, STORE could be still improved including these kind of noises.  
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Abstract 
The objective of this work is to illustrate the products, tools and workflow developed by Planetek for 
consultation, processing and management of the hyperspectral data, supporting the synergies that can be 
created between the PRISMA mission and other missions as Sentinels and COSMO SkyMed. In order to 
manage and view big images, Planetek developed SpaceBIT (Big Image Tool), a desktop application that 
allows to load and display large satellite images (well over GByte). Thanks to its plugin logic, SpaceBIT allows 
the processing, even in real-time, of the displayed data, a feature useful in stages of quality control, 
calibration and validation of EO processors. The real-time processing is achieved through a software 
framework, partly developed in FAST4MAP project co-funded by ASI, which uses the parallel processing 
power of the Graphical Processing Unit. Planetek has also developed innovative techniques for compressing 
and processing of hyperspectral data that are based on the methodology (patent pending) HUNPCA (Hybrid 
A-mixing Principal Component Analysis), the compressive sensing matrix and on completion. 

[[ΩƻōƛŜǘǘƛǾƻ ŘŜƭ ǇǊŜǎŜƴǘŜ ƛƴǘŜǊǾŜƴǘƻ ŝ ƛƭƭǳǎǘǊŀǊŜ ǇǊƻŘƻǘǘƛΣ ǘƻƻƭ Ŝ ǿƻǊƪŦƭƻǿ ǎǾƛƭǳǇǇŀǘƛ Řŀ tƭŀƴŜǘŜƪ ǇŜǊ ƭŀ 
ŎƻƴǎǳƭǘŀȊƛƻƴŜΣ ƭΩŜƭŀōƻǊŀȊƛƻƴŜ Ŝ ƭŀ ƎŜǎǘƛƻƴŜ ŘŜƛ Řŀti iperspettrali, supportando le sinergie che si possono creare 
tra la missione PRISMA e altre missioni come le Sentinelle e COSMO-SkyMed. Al fine di gestire e visualizzare 
immagini di grandi dimensioni, Planetek ha sviluppato SpaceBIT (Big Image Tool), un'applicazione desktop 
che permette di caricare e visualizzare immagini satellitari di grandi dimensioni (ben oltre il GByte). Grazie 
alla sua logica a plugin SpaceBIT permette il processamento, anche in real-time, dei dati visualizzati, 
caratteristica utile nelle fasi di controllo qualità, calibrazione e validazione dei processori di EO. Il processing 
in real-time è ottenuto attraverso un framework software, in parte sviluppato nel progetto FAST4MAP co-
finanziato da ASI, che sfrutta le capacità di calcolo parallelo delle Graphical Processing Unit. Planetek ha, 
ƛƴƻƭǘǊŜΣ ǎǾƛƭǳǇǇŀǘƻ ǘŜŎƴƛŎƘŜ ƛƴƴƻǾŀǘƛǾŜ ǇŜǊ ƭŀ ŎƻƳǇǊŜǎǎƛƻƴŜ Ŝ ƭΩŜƭŀōƻǊŀȊƛƻƴŜ Řƛ Řŀǘƛ ƛǇŜǊǎǇŜǘǘǊŀƭƛ ŎƘŜ ǎƛ ōŀǎŀƴƻ 
sulla metodologia (patent pending) HUNPCA (Hybrid Un-mixing Principal Component Analysis), sul 
compressive sensing e sul matrix completion.] 

From Hyperspectral Data to Information 
Hyperspectral images (HYP) provide critical insights into the composition of a scene and have found multiple 
applications in remote sensing situations. Unfortunately, acquiring, processing, storing and transmitting full 
spatio/spectral resolution hyperspectral images can introduce significant challenges, especially when 
considering the limitations of satellite resources and onboard computing. Moreover, this implies also the 
definition of proper exploitation and dissemination tools to enable end-user to deal with information instead 
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of data. To this end, the next subsections introduce tools and competences for 
consulting/processing/compress HYP data as developed by Planetek within several EU/ITA funded programs. 

Hyperspectral compression based on Sparsity enforcing methods 
The key objectives of The Sparse Signal Processing Technologies for Hyper Spectral Imaging Systems (PHySIS1) 
include i) the design of cutting edge hyperspectral acquisition architectures, ii) the investigation of signal 
models for hyperspectral data, iii) the development of hyperspectral compression and restoration 
algorithms, and iv) the design of novel hyperspectral image understanding methods. The enhancement of 
the low-rank matrices generated from the acquired hyperspectral data by employing the recovery 
capabilities of the recently developed framework of Matrix Completion (MC). This approach addresses the 
recovery of high-dimensional data from what appears to be incomplete, and perhaps even corrupted 
information. To validate the potential of the proposed compression scheme, an experimental protocol, 
sketched in the next Fig.1, involving measurements from the AVIRIS and the Hyperion instruments.  

 
Fig. 1 Experimental setup for the evaluation of the Compression Ratio. 

The proposed scheme exploits inherent inter- and intra- band correlations for recovering the missing values 
with high quality. Experimental results suggest that the considered strategy could allow high speed compact 
design imaging without sacrificing imaging quality. 

SpaceOP3C 
spaceOP3C (On-board Processing for Compression and Clouds Classification) is a new compression technique 
based on a Patent Pending methodology from Planetek Hellas, named HUNPCA2 (Hybrid Un-mixing Principal 
Component Analysis), which utilizes the spectral unmixing procedure and PCA combined with a lossless 
generic coding algorithm. This methodology ensures that even with the highest compression ratio (25-30) 
the information loss is quite low. Also in the case were the compression ratio decreases (10-12), but still 
extremely high compared to other lossy algorithms, the information loss can be negligible (see Fig.2). The 
algorithm adapts to the different imaged scenes and sensor characteristics. OP3C compressed data can be 
processed in their compressed form, which is a typical characteristic of the class of techniques known as 
compressed sensing. 



SESSIONE 5B: STRUMENTI DI SUPPORTO ALLA MISSIONE - CHAIRMAN: R. LOIZZO 
_____________________________________________________________________ 

26 
 

 
Fig.2 SpaceOP3C results on Hyperion Dataset Absolute and Spectral Angle Distance Errors 

Exploitation scenarios: SpaceBIT case study 
The ambition is to have an automatic or semi-automatic translation of algorithms written in typical scientific 
languages into a low level representation suitable for execution by GPU, with the intent to leverage the use 
of any GPU or multi-core SIMD CPU available on desktop, server and embedded system for processing and 
visualizing in any suitable/affordable technique the BIG data stream coming from space and Earth 
observation. 

¢ƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜǎŜ ƴŜŜŘǎ ƛǎ ǘƘŜ tƭŀƴŜǘŜƪΩǎ ±ŜǊȅ Big Image Tool (SpaceBIT), a desktop application designed 
for scientific data processing with C/C++ and Python codes (Fig.3), covering the following user-oriented 
criteria: 

¶ investigate about how to convert typical scientific algorithms related to space and Earth observation, 
from the actual sequential or grid-suited form to a GPU suited form. 

¶ investigate whether the data in their original format (e.g. HDF5, HDF-EOS or FITS files) are suited for 
processing by a GPU or multi-core CPU. 

¶ analyse how to adapt/ port a defined set of algorithms into a form suitable for GPU (OpenGL, Vulkan, 
OpenCL, Metal) ŜȄŜŎǳǘƛƻƴΣ ƭƛƴƪƛƴƎ ǘƘŜǎŜ ŀƴŀƭȅǎƛǎ ǘƻǿŀǊŘǎ !{LΩǎ ŦǳƴŘŜŘ CŀǎǘпaŀǇ ǇǊƻƧŜŎǘΦ 

¶ convert an algorithm from its actual form to one suitable for GPU execution by leveraging the use of 
a specialized instance of the LLVM (http://llvm.org) compiler technology. 

¶ allow scientists to interact remotely with a GPU farm for algorithms execution and results browsing. 

 
Fig. 3 SpaceBIT Graphical User Interface with a 1 GB optical Hyp data 
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Abstract 
In questo lavoro valutiamo la fattibilità della stima da misure satellitari della speciazione chimica degli 
aerosol, identificando composti simili a quelli rilevati ad esempio con spettrometri di massa nelle misure in 
situ a terra. Abbiamo prodotto un dataset sintetico di profili di aerosol su scala globale e relative riflettanze 
ŀƭ ǘƻǇ ŘŜƭƭΩŀǘƳƻǎŦŜǊŀ ƴŜƭ ¦±-VIS-NIR. Utilizzando algoritmi neuronali, abbiamo tentato di inferire 
ƭΩŀōōƻƴŘŀƴȊŀ ǊŜƭŀǘƛǾŀ ŘŜƭƭŜ ǇǊƛƴŎƛǇŀƭƛ ŎƻƳǇƻƴŜƴǘƛ ŎƘƛƳƛŎƘŜ ŘŜƭƭΩŀŜǊƻǎƻƭ ƛƴ ǘǊƻǇƻǎŦŜǊŀ όƛƻƴƛ ƛƴƻǊƎŀƴƛŎƛΣ 
materiale organico, fuliggine, polvere minerale e sali marini) a partire dalla sola conoscenza della riflettanza 
iperspettrale tra 350 e 1000 nm e dallo spessore ottico totale degli aerosol. I primi risultati preliminari 
permettono di essere ottimistici sulla fattibilità di questo nuovo metodo, in particolare per i composti meno 
assorbenti. 

Motivazione  
La composizione chimica degli aerosol nelle applicazioni di telerilevamento viene talvolta rappresentata 
individuando una serie di "classi" (o "modelli") di aerosol, (es. continentale, urbano, marittimo, desertico, 
ecc.), che vengono selezionati in modo più o meno automatico dagli algoritmi di inversione. La selezione di 
uno di questi modelli di aerosol è spesso implicita anche nella stima di altre quantità legate agli aerosol, come 
ƭƻ ǎǇŜǎǎƻǊŜ ƻǘǘƛŎƻ ƻ ƭΩŀƭōŜŘƻ Řƛ ǎƛƴƎƻƭƻ ǎŎŀǘǘŜǊƛƴƎΣ Ŝ ŎƛƼ ǇǳƼ ƛƴǘǊƻŘǳǊǊŜ ǳƴŀ ƛƴŎŜǊǘŜȊȊŀ ǎƛƎƴƛŦƛŎŀǘiva nei risultati. 
In questo lavoro, esploriamo la possibilità di identificare da misure satellitari un insieme differente di classi 
di aerosol, più direttamente confrontabili con le misure in situ e le simulazioni con modelli di chimica e 
trasporto. Queste classi sono ioni inorganici (somma di solfati e nitrati), materiale organico, fuliggine (black 
carbon), polvere minerale e sali marini. 
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Metodi 
Abbiamo prodotto un insieme simulato di coppie di scene di aerosol e di relative riflettanze al top 
ŘŜƭƭΩŀǘƳƻǎŦera, in modo da utilizzarle per addestrare una rete neurale al riconoscimento delle classi di aerosol 
a partire dalle riflettanze. Le scene di aerosol sono ricavate da un campionamento casuale nel tempo e nello 
spazio di distribuzioni globali di aerosol generate usando il modello di chimica e trasporto GEOS-Chem, nel 
ǘŜƴǘŀǘƛǾƻ Řƛ ǊŀǇǇǊŜǎŜƴǘŀǊŜ ǳƴ ŀƳǇƛƻ ǎǇŜǘǘǊƻ ŘŜƭƭŀ ǾŀǊƛŀōƛƭƛǘŁ ŘŜƭƭŀ ŎƻƳǇƻǎƛȊƛƻƴŜ ŘŜƭƭΩŀŜǊƻǎƻƭ ŀǘƳƻǎŦŜǊƛŎƻΦ Lƴ 
ǉǳŜǎǘƻ ǇǊƛƳƻ ŜǎǇŜǊƛƳŜƴǘƻ ǎƻƴƻ ǎǘŀǘŜ ǎŜƭŜȊƛƻƴŀǘŜ ǎƻƭŀƳŜƴǘŜ ǎŎŜƴŜ ǎǳƭƭΩƻŎŜŀƴƻΣ ƛƴ ƳƻŘo da aumentare il 
ŎƻƴǘǊŀǎǘƻ ǘǊŀ ŀǘƳƻǎŦŜǊŀ Ŝ ǎǳǇŜǊŦƛŎƛŜ Ŝ ǎŜƳǇƭƛŦƛŎŀǊŜ ƭŀ ǊŀǇǇǊŜǎŜƴǘŀȊƛƻƴŜ Řƛ ǉǳŜǎǘΩǳƭǘƛƳŀΦ 

Le proprietà ottiche dei profili di aerosol simulati sono calcolate con diverse assunzioni alternative delle 
proprietà chimico-fisiche (indici di rifrazione, densità, igroscopicità, stato di mixing). Le riflettanze al top 
ŘŜƭƭΩŀǘƳƻǎŦŜǊŀ ǎƻƴƻ ƻǘǘŜƴǳǘŜ ǘǊŀƳƛǘŜ ƛƭ ƳƻŘŜƭƭƻ Řƛ ǘǊŀǎŦŜǊƛƳŜƴǘƻ ǊŀŘƛŀǘƛǾƻ ƭƛōwŀŘǘǊŀƴ Ŏƻƴ м ƴƳ Řƛ ǊƛǎƻƭǳȊƛƻƴŜ 
ǎǇŜǘǘǊŀƭŜ ƴŜƭƭΩƛƴǘŜǊǾŀƭƭƻ Řƛ ƭǳƴƎƘŜȊȊŜ ŘΩƻƴŘŀ орл-1000 nm, assumendo geometrie di osservazioni tipiche di 
un satellite polare (es. MODIS, PRISMA, Hyperion, Sentinel-3, ecc.). 

!ōōƛŀƳƻ ŀŘŘŜǎǘǊŀǘƻ р ǊŜǘƛ ƴŜǳǊŀƭƛΣ ǳƴŀ ǇŜǊ ŎƛŀǎŎǳƴŀ ŎƻƳǇƻƴŜƴǘŜ ŎƘƛƳƛŎŀ ŘŜƭƭΩŀŜǊƻǎƻƭΣ Ŏƻƴ мн ƴƻŘƛ Řƛ ƛƴǇǳǘ 
(angoli zenitale e azimutale del Sole, latitudine, longitudine, AOD a 550 nm, 7 componenti PCA più 
ǎƛƎƴƛŦƛŎŀǘƛǾŜ ŘŜƭƭŀ ǊƛŦƭŜǘǘŀƴȊŀ ŀƭ ¢h!ύΦ [ΩƻǳǘǇǳǘ Řƛ ŎƛŀǎŎǳƴŀ ǊŜǘŜ ŝ ƭΩŀōōƻƴŘŀƴȊŀ ǊŜƭŀǘƛǾŀ όƛƴ ǇŜǊŎŜƴǘǳŀƭŜ ǎǳƭƭŀ 
Ƴŀǎǎŀ ǘƻǘŀƭŜ ŘŜƭƭΩŀŜǊƻǎƻƭύ ŘŜƭƭŀ ǎǇŜŎƛŜ ǎǳ Ŏǳƛ ŝ ǎǘŀǘŀ ŀŘŘŜǎǘǊŀǘŀΦ 

Risultati 
In Figura 1 ƳƻǎǘǊƛŀƳƻ ƭƻ ǎŎŀǘǘŜǊǇƭƻǘ ǘǊŀ ƛƭ ŎŀƳǇƛƻƴŜ Řƛ Řŀǘƛ Řƛ ŎƻƴǘǊƻƭƭƻ Ŝ ƛƭ Ǌƛǎǳƭǘŀǘƻ ŘŜƭƭΩƛƴǾŜǊǎƛƻƴŜ ŘŜƭƭŜ 
radianze per quattro delle specie chimiche considerate. Le polveri desertiche sono identificate molto bene 
ŘŀƭƭΩŀƭƎƻǊƛǘƳƻ όw2 = 0.81), così come i sali marini (R2 = 0.87). La rete neurale è anche capace di distinguere in 
modo significativo la frazione inorganica (R2 = 0.79) e quella organica (R2 = 0.65). In Figura 2 mostriamo il 
Ǌƛǎǳƭǘŀǘƻ ǇŜǊ ƭŀ ǎǇŜŎƛŜ ǇƛǴ ŀǎǎƻǊōŜƴǘŜΣ ƭŀ ŦǳƭƛƎƎƛƴŜΦ [ΩŀƭƎƻǊƛǘƳƻ Ƙŀ ǎŎŀǊǎŀ ŎŀǇŀŎƛǘŁ Řƛ ƛŘŜƴǘƛŦƛŎŀȊƛƻƴŜ όw2 = 0.31), 
ma trasformando i dati con il logaritmo (per rendere più simmetrico il dataset) le capacità aumentano 
considerevolmente (R2 = 0.78). 

 

Figura 1Φ wƛǎǳƭǘŀǘƛ ŘŜƭƭŀ ǎǘƛƳŀ ŘŜƭƭΩŀōōƻƴŘŀƴȊŀ ǊŜƭŀǘƛǾŀ ό҈ύ ŘŜƭƭŜ ǎǇŜŎƛŜ ŎƘƛƳƛŎƘŜ ŘŜƭƭΩŀŜǊƻǎƻƭΣ 
realizzata invertendo le riflettanze iperspettrali al TOA con algoritmi neurali. I dati sono tutti 

simulati. Il coefficiente di determinazione è riportato nei titoli. 




