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PRISMA MISSION DATAXPLOITATION

Enrico Flamini*, Rosa Loizzo?

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) € una missione basata su un sensore
iperspettrale integrato con una camera pancromatica a media risoluzione, completamente finanziata

dal |l 6Agenzi a Spaziclkelcapitalizzaayll ii amsavi (| APlp i pregrnels si e
settore del |l 6 Oss er vsaument ottiei ipergpétttala Ter ra con

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

L6ASI ha finanziato un contratto i ndustriale pe
attualment e in corso, che prevede |l o sviluppo ed il
terra e di bordo), in grado di generare prodotti standard di livello O, 1, 2b, 2c e 2d. In particolare, per

guanto riguarda il Segmento di Terra, il contratto industriale prevede lo sviluppo di tutti gli elementi

del Ground Segment necessar.i per permettere agl:.
prodotti standard e di ricevere i corrispondenti dati. Il Programma PRISMA attualmente € nella fase

di chiusura della di Critical Design Review (CDR) di Sistema. Il lancio & previsto per maggio 2018

con il lanciatore VEGA.

Fig. 1IPRISMA

La missione PRISMA nei prossimi anni mettera a disposizione della comunita scientifica dati ad alta
risoluzione spettrale, con un contenuto informativo unico ed innovativo, utile per sviluppare nuove
applicazioni per | a gestione del ri schio ambienta

Con le attivita 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 visibilita in ambito internazionale alla comunita scientifica e

industriale italiana n e | nuovo scenario europeo dell dosser
iperspettrali;

- Supportare il miglioramento del know-how nel telerilevamento iperspettrale e | a Al essor
l earningd per | e nuove missioni

PRISMAData Exploitation Activities

Al fine di sfruttare al meglio i dati della missione PRISMA, | 6 ASI i nt ersdattivtkav vi ar
sfruttando tutte le possibili sinergie tra i diversi attori della data exploitation (utenti istituzionali,

industrie e PMI, comunita internazionale, comunita scientifica nazionale), sia per offrire supporto alla

missione, per esempio con attivita di calibrazione e validazione, sia per favorire e massimizzare

| 6 a c c edaty suppariando attivita di ricerca, servizi istituzionali di osservazione della terra e

progetti di formazione e promozione della missione.

Per fornire servizidis u pp or t o aidatipsairtende sviuppare Mission Exploitation Platform
(MEP) basata su prodotti innovativi e servizi di supporto tecnologico alle applicazioni.

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

PRISMAData Exploitation Preparation

Per persegui r eccéssoadla @ataExpleitatiorddella missione PRISMA si intende:

- garantire prodotti di alta qualita

- fornire supporto alle attivita di ricerca e sviluppo di prodotti innovativi

- sviluppare servizipre-oper at i vi per | dutenza i smertialezi onal e
- 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:

- Regol e di data Policy per gdatiantire e ottimizz
- Servizi (es. NRT) e policy per il mantenimento della disponibilita dei dati (Archivi e Long
Term Data Preservation)
- Tools di supporto (Mission Exploittaion Pl atfo
(es. Data Mining) alla notevole mole di dati e prodotti
- Qualita dei dati attraverso attivita 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

- Attivita di formazione

- Campagne preparatorie al lancio
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HYPERSPECTRAL AT LEONARDO

A.Sartt, M. Molin&

3. Leonardo Spa, via Tiburtina km 12.400 Roaftagrto.sarti@leonardocompany.com
4. Leonardo Spa, viale Europa snc NervianaWakco.molina@leonardocompany.com

Abstract

Leonardo heritage in hyperspectral imaging is described, that is shown being theureddtion 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, toenxdl these capabilities into a marketplace now mature.

The foundation (199@000)

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 Cassision, 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) gratingbased spectrometer with less than 2 nm spectral resolution and a passive cooling.

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

The growth (200@011)

The following decade (see the ASI presentation on the Italian nationdhrap, 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 b comet 67P in 2014 and discovered organic material on the comet surface and the cycle of water

of a comet. Three other VIRl spectrometers were flown to various Solar System bodies: in 2005 on
board VENUS EXPRESS (ESA) toward Venus, in 2007 ddavoa(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 bandlram, 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 unpreceddad amount of data collected and shared with the scientific community. The
airborne instruments and flight campaigns, as well as greueskd measurements for cultural heritage
monitoring, are presented in a specific talk of this workshop.

The maturity (202-X 0

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 Isra

7
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Space Agency. All of them are basedlmpushbroom concept, that allows to acquire the scene strip thanks
to the satellite motion.

While the planetary track solidly continued with SIMEB®S for BefiZolombo to Mercury (launch foreseen

in 2018) and with MAJIS spectrometer for JUICE to Juflaench 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 StgAdbiseRatio: the SNR is > 200 in the VNIR

and >100 in the SWIR, which represents nowadays the stéthe-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 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 Itdieaeli collaboration that is targeting its developneare
described in detail in a presentation of this workshop.

In 201314 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 whhtp$://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 théxsiamp.

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 thetfE®bservation market, with compact instruments, less
than 50 kg, capable to operate on board rreaiellites, 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 oftghanpening the
hyperspectral images and the possibility of data fusion with other sources (e.g. SAR).
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COPERNICUS HYPERSPECTRAL MISSI

Andrea Bucarelli

1. e-GEOQOS, Via Tiburtina 965, +390640793886rea.Bucarelli@geos.it

Abstract

The consortium, led by-8EOS, 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 techhrequirements will be identified after a critical assessment

2F (GKS dzaSNEQ ySSRa |yR 2F (KS 2LISNIGA2yLFf &aSNDA
existing and future EO hyperspectral/multispectral missions.

Copernicus Hyperspectidission

It is demonstrated that hyperspectral imaging can resolvepbigsical, biechemical and gechemical

variables in detail thanks to the richness of the spectral information, th®© bkof f SR & Sf SO0 NP
FAYISNLINAYGAYAE & fake @dantade ofl sudhIedtu®e to degof, Zlas€y ahd monitor
natural and marmade 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 coteeingsible 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 the next years. To this scope, the European Space Agency recently assigned a
d0dzRe F2NJ Iy a1l @LISNBRLISOGNIf LYFIAYEOAAZAAZ2Y [ 2y O0S

Main objectives

The main objective of the study is to define the mission and technicalirmgants 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 p@iA Sa Ay 2NRSNJ G2 GNYz & dzyRSNRGIFYR GKS
current and novel applications based on hyperspectral data will be performed to establish a solid baseline of
relevant (from user perspective) applications. Finally, based omptéeous 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
Europeanndustry 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 consortiuiiey are €SEOS, which acts as prime contractor, CGS, CNR,
INGV, ISPRA, Leonardo, PtakeHellas, Space4Environment and Telespazio. It is worth noting that the
O2ya2NliAdzy Aa Ffaz2 FotS (2 O2@0SNJ I f¢ G§KS | Od2NAa
representatives and collectors, algorithms & products designers, satellitersgst sensors designers and
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operators and finally the Gl service providers. This assures the most complete vismetzaid designed to
achieve a dual environmental and economic objective.
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ATTIVITA DI CALIBRAKE E VALIDAZIONE
PER STRUMENTAZIORERSPETTRALE
(V[ Q! wo! NROBSARE 5 L

Donatella GuzzZi Vanni Narding Ivan Pipgi Cinzia Lastyj Valentina Raimondi

1. IFAGCNR, Via Madonna del Piano 10,055 52268@uzzi@ifac.cnr.it

Abstract

Disporre di dati telerilevati correttamente calibrati e validati rappresenta un requisito fondamentale per
poter risalire alle grandezze bgpoT A 8 A OKS RS&aONARGGA GBS RStfQlFYOASYyGS
Fff QAYGSNY2 RS$sord vengdy sizité carRpagng di élibrazibne e validazione di sensori
FSNRALITALFES LRYySYyR2 LI NIAO2t I NB GGSyT A2yS Fffl

[ QF NBI & Ay2fGNB dziAf ATT I GF LISINJascia godtiére dig dddBprende S @2
campi coltivati, pinete, zone umide, spiagge, foci di fiumi e mare. Durante tutta la vita operativa di

/1T wL{kKtNRo6l RSttQ9{!> {Ily w2aaz2NB & adGld2 dziAaftAl’
missione, pamettendo di migliorare la conoscenza dei processi coinvolti nel monitoraggio degli ambienti
O2aiASNRAD® bSttQl3I2480G2 RSt wnmu Ay O2AYOARSylI Il O2y
cal/val di telerilevamento aereo con il sensore DAEAHIUAGEA/TELABRA. Grazie alla concomitanza
RStfS RdzS | OljdzAaaAirl Az2yS & adl (2 -tabiiohefrasdasartQuasief S S
LINE OSRdzZNB Ay (i SANIGS RA OFftAONITA2YS S Giofe PRIMAA 2y S
di ASI.

La Tenuta di San Rossore e le campagne di Cal/Val

La possibilta di disporre di dati acquisiti correttamente calibrati e validati rappresenta un requisito
fondamentale per poter risalire alle grandezze-gepF A & A OK S R Snabl@Md\ogsérkafd STutte &t f Q
missioni di osservazione della Terra richiedono accurate procedure di calibrazione radiometrica, spettrale e
geometrica strumentale degli suoi sistemi ottici integrati sul satellite. Da piu di quindici anni vengono svolte
attivita di studio, di calibrazione e validazione di dati acquisiti da satellite e da aereo (quali CASI, MIVIS, VIRS

200, DAEDALUS, HYRERa D! = | ,t 9wLhbzZ /1 wL{ 0 yStfQkNBF I (GNBI
dAlGdz GF HEtQAYQdSRY2aRIEAINWNORE bl HiyizNW2 $a2NB S al &
Yzy)\iijJ-NJS f QSO02aAraiSYlF RStfl FFraoOAl O02aiGdASNI = O3
YFENB LINRPALIAOSYydS S tF olaal | &Y2airhd Nda empia Vafielidy G S NJ

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,
permettendolodi dZRA 2 RSt f QAYUSNITA2yS RSttS 02YLRYSYyGA RA.
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 pexamenti e temporanee sia per monitorare differenti parametri
ambientali sia per svolgere attivita di calibrazione e validazione di dati acquisiti durante sorvoli aerei e/o
ArGSEEAGFNRD® ¢l fA FOGAGAGE é2y2EntéF€arcmiéﬂemaElm|§brtaltd2Iaa7\()
y2aiGNR 3INHAIR RA NAOSNODIF YSGdiSyR2 || RAALRAATAZ2YS
S RFEGA ljdzr € A €I OF NI23aNY FAL RAIAGEES GSYIFGAOFZ &
assef | YSy (2 RSttl ¢Sydzit o ' ftQAYGSNY2 RSttl ¢Sydzil

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 sorvalns stati acquisiti a terra dati di riflettanza spettrale del suolo, mentre

11
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f QdziAft AT T2 RA adlTA2yA YSiS2 KIFI LISNY¥Saaz RA YAa
componenti diretta e diffusa, la direzione e velocita del vento, la temp&tatl> £ | LINS&daAzys
RSEtfQFNAF ySA LINAYA on YSONR RA FOGY2AFSNI & 5dzNI yi
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 PROBAL1 e la breve campagna di telerilevamento
che ha coinvolto lo spettrometro ad immagine Hyipa su satellite EQ 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 elilesRrobal ha acquisito
AYYEF3IAYA RSt tFNO2 RA { Iy w2aa2K®P Pyokd DO832 daldild 2 R
G! aaAYAT L GA2Y 2F O0A2LKE@AAOFE YR 0A20KSYAOLFE @I NR
a Ol t S ¢ ayuigistewdlrgnte la stessa orbita un set di 5 immagini iperspettrali della stessa area ai seguenti
angoli di vista: +55°, +36°, 886°,-55° nella banda spettrale compresa fra 400 nm e 1050 nm. La lunga serie
di acquisizioni effettuata da CHRIS, insi¢mie f QF G G A @A Gt RA OFf AONIT A2yS S
KFI LISNX¥Saaz2 RA a@2ftaASNB dzyQl yFf AaA YdzEf GAGSYLR NI f
conoscenza di vari processi fgjeochimici che sono coinvolti nel monitoraggello stato della vegetazione.

(N Y~

Durante la campagna di calibrazione/validazione del sensore sensore DAEDAILWBER STA effettuata il

Mn F32&a02 wamuI § allFiF Ay@SOS aFNM¥ziaGrar tF O2AyO0
multisLISGGNF £ S 5FSRIEfdza !'! MmHTy Y 2y600-Via®r, perdeffdttgate IDaE 2 (-
campagna di calibrazione incrociata fra i due sensori. Durante la campagna di telerilevamento sono stati
caratterizzati a terra vari tipi di suolo e vegetazionéraaterso una serie di misure eseguite con uno
spettrometro operanti nel visibile e vicino infrarosso. Inoltre sono state eseguite misure di pressione,
temperatura, ed umidita 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 compatibilita delle diverse acquisizioni
(Fig. 1B).

Pinewood reflectance spectrum: comparison
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Fig. 1 Immagine dPRI (acquisizione CHRIS) e reltiva validazione (a); Validazione incrociata dei sensori
Hyperion e Daedalus (b)
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IL SITO APULIAN TAVERE PER
APPLICAZIONI IN AGRLTURA E ATTIVITA
CAL/NAL DI OSSER\NE DELLA TERRA

F. Mattiat, G. Satalin A.Balenzang F. Loverging A. Daddabbh A. Milelld, G. Attolicé, M. Rinaldf, A.
Castrignané, S. Ruggieti G. Ranj C. Riefolp G. Annichiaricg S.A. ColeccHiaP. Toscarfp B. Giofi A.
Matesé, F. Di GennafpA. Zalddj V. lacobell’s A. Goia®, S. Siad F. Sciacqda

CNRISSIA, via Amendola 166/D, Bari, 080 5929436, Francesco.Mattia@cnr.it
CREAXCER, S.S. 673 km 25,200, Foggia, 0881 742972, Michele.Rinaldi@crea.gov.it
CREASCA, via Celso Ulpiani 5, @8r5024, BariAnnamaria.Castrignano@crea.gov.it
URT CNIBIMET c/o CSDAT Viale Fortore, Foggia, P.Toscano@ibimet.cnr.it
POLIBAMICATECHh, via E. Orabona 4, Bari, 080/59635&i0bellis@poliba.it
IFAGCNR, Via Madonna delbiro 10,055 5226301.guzzi@ifac.cnr.it

Nookswd

Abstract

[ Q20ASGUADG2 RA [jdSaid2 AyiSNBSyi2 8 RSaAaONARGSNB S
ruolo di sito cal/val per missioni di osservazione della terra (OT) e in particolareniidiane PRISMA. 1l sito

§ AL LI NIGS RSttt NBGS AYyOiSNYITA2yIl S L wo/elstato) 6 6 6 & «
utilizzato come sito di validazione per modelli diretti e inversi, che legano il dato OT ai paramgé&ohgici

AdzZLISNFAOALIEAD [ LIALFYdzZNF RSt ¢ @2t ASNBE t &Z8d& S&as
caratterizzata da aziende agricole di medie dimensioni (e.g., 10 ha) e da terreni altamente produlttivi coltivati
aAl I OSNBI t A apka centriRli riceiddl deldCREA, CNR ledNdhiversigari e reti di misura di

parametrimeteeOf A YI GAOA X RA dzYARAGL RSt &dz2t 23 dzy NI Rl NJ
dimensione dei campi, il loro trattamento omogeneo e la concentrazdirstrutture di ricerca, puo svolgere

dzy NHz2f2 RA a2LISy FAN €1 02NF d2NEE¢ iRStRbhGmMbitG | f
agricolo/idrologico, alla validazione di prodotti OT e al loro utilizzo in applicazioni per la tutela e gestione
sosterh 0 Af S RSEfQIFIYOASYGS S LISNIEQAYLI SYSyilllA2yS RA

Motivazioni per un sito cal/val per applicazioni OT in agricoltura

[ QF ANRO2f GdzNI 8§ dzy2 RSA aSGGO2NR Y 33IA2N)YSHeoas SalLlk
Y2R23X RSt NRAOIftRIYSyd2 3Ft206lfSd t SNI YAUGAIENYS fC
per un uso sostenibile degfiput nella gestione delle pratiche agronomiche in pieno campo al fine di limitare
fenomeni di stress biotici edbiotici che andranno ad incidere in maniera sempre piu 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 iperspettralisdioni nazionali come PRISMA
consentiranno lo sviluppo di modelli interpretativi e predittivi in grado di prevedere le dinamiche di crescita

le.g.,H2020 SENSAGRIw.sensagri.e)) ESA Explois1 (https://exploit-s-1.ba.issia.cnr.)t FP7 IMAGES global
network (ttp://fp7 -imagines.eu); ASI COSMOLANRtp://www.issia.cnr.it/wp/projects/); MIPAAF AQUATER
(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
posizy2 @St20ATTINB Af O2yaz2ftARFYSydG2 RStfQdzaz2 2LISH
T dzy Ql OOdzNI G OF t AONIT A2y Sk@IfARFT A 2iASituR@dite RI (2
sistematicamente secondo standard di riferimento;

£ RAY2ad NMadal 2a030T kR Sdplica2idni pegierative, per esempio, per la gestione
delle colture, la programmazione dei fabbisogni irrigui, la previsione delle rese.

Tuttavia, esiste una cronica scarsita di siti agricoli nei quali sia possibile una duratabareaibne tra

aziende agricole ed enti di ricerca, che consenta, per esempio, di acquisire sistematicamente in condizioni
controllate serie temporali di misuri@ situ Questo contesto favorevole, invece, & presente nel Tavoliere
Pugliese, dove pit di 600 RA &adz2ft A | IANAO2fA &2y2 RA LINPLINASGL
competenze scientifiche per poter effettivamente validare in campo, su una scala sufficientemente
rappresentativa, i benefici del dato OT in applicazioni agricole § 8ell3 || RA &L aAl A2y S R
scientifica dati e risultati.

Misurein situed osservazioni iperspettrali
[ S FLIWX AOFT A2YyA RA YIF3IIA2NI Ay idiSNB
LA YyGST f ORRSYWANRFWIONAN SR yiSE G € dzii | 1
fabbisogni irrigui delle varie colture e la previsione delle loro rese.

NJ £ QF NBI I
SffQdzaz RA

aas LIS
A2yS R
| parametri del suolo e colturali che sono acquisiti sul sito comprendono: mappe delieeca loro
andamenti fenologici; serie temporali di LAI, biomassa vegetale, umiditd del suolo; flussi di calore
latente/sensibile e di CO

[ Q23aSNBITA2yS RSEfS LINPLINASGL RA NAFESOGGFryIl |l RSH
~1nm), pud essere correlata con specifiche caratteristiche fidigniche delle piante, quali la loro
composizione biochimica, la struttura fisica e il contenuto idrico, e pud, quindi, fornire notevoli miglioramenti
YStt QAYRAGA Rz 123203 IR SHLGAT | DANT A & ORMAYALMS(A2 RSA RIFGA
algoritmi che permettano di selezionare il sottoinsieme ottimale di bande capace di discriminare
efficacemente fra piante in differenti condizioni fisiologiche.

Le tecniche dnisura del dato multied iperd LISG G NI € S | GGdzZt £t YSYUGS Ay @
RF YA&adz2NBE RA f102NIG2NRA2S | 1jdzSEt €S RA  GLINE
eventualmente opportunamente integrate, per coadiuvattvita di cal/val di sensori iperspettrali.

SadA3alr
EAYLFT X
Per esempio, con tecniche di proximal sensing un gruppo di ricercatori del CREA ha recentemente dimostrato
02YS fQAYLAS3I2 RA RFEGA ALISNRBLSGGNI £ A LISNNSmidl RA
durante una stagione colturale del pomodoro da industria [1]. Inoltre, iI-HBWRET ha sviluppato un UAV
prototipale basato su elettronica Mikrokopter che alloggia una telecamera multispettrale (Tetracam Snap)

ed una termica (FLIR TAU 2) e due spedil@metri (USB2000 & HR4000) con fibra ottica per analisi di
FGGAGAGE F202 aAyiSGaAaAlOr S LISNI tf QA RSy (%Hehdxbinvdte yS R
il CNRISSIA ha dimostrato che i veicoli agricoli con a bordo sensoriatiejigidar, termici ed iperspettrali
O2yaSyilz2y2 aial tQldzi2YFT A2y S RSt f l-senJoderp& lappliRe&ioni @S A (
agricole.

Bibliografia
1. Rinaldi, M., et al., 2015. Discrimination of tomato plants under different irrigatigimres: analysis
of hyperspectral sensor dat&nvironmetrics, 26: 788.

2 Progetto S3CAV ((http://s3cav.eu/)
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Abstract

During the four years ltalian Space Agenco ! { L0 Fdzy-RORé LIWNP gB Ohad! { RAGSYA
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 calibrataidation 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 cleéegization of possible vicarious sites for external calibration.

The region of Ougarta Beni Abbes is located 300 kth SS N2 Y (G KS G246y 2F . SOKI NJ
ONHé¢ ® ! NRPdzy R . Sy A | 00 S &ecosystem, iviiich repidSehts thagt Stage &f a lbayB a Sy
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 informatia 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 oti awh 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 andciotadly

free allowing the data collection over 7 different sites.

Photometric Measurement

During the CAL/VAL campaign, gahotometric measurements were performed in different places in order
to characterize the atmospheric particulate in coincident toface spectral measurements.

15



SESSIONEB: STRUMENTI DI SUPPORAIQ.A MISSIONECHAIRMAN R.LOIZZO

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.

1,00
~——Qugarta 1
0,90
—Qugarta 2
029 Ougarta 3
o7 | —Ougarta 4

—Qugarta 5

0,60
—~Ougarta 6
0,50
——Qugarta 7

Reflectance

NAONANAMR AN IO T NAON AN S NANN A NANN ADAMN ANANNANAON SN MON
RS AAEERKREIBaAASSs R AARmMmnAeSnliA8ERRRAERTAESSAATRINARIS

oooooooooooooooooooooooooooooooooooooooooooooooooooooo

Wavelenght (micron)

Fig. 1 Behar 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 &byzm 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 rblidtling 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 teface 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 requisemen
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 ite 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 oniyighpart 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, Ineww.asdi.com(1994)
2. Béatrice Behelot; Richard Santer (2008) Calibration Test Sites Selection and Characterisation
CALIBTNWP216001-VEGA (http://calvalportal.ceos.org/c/document_library/)
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Abstract

[ YA&aaArAz2yS alaSttAdGENS 9{! C[ dz2NBaOSyO0S 9. LX 2NEBI
clorofilla indotta dal sole a scala globale, con una risoluzione spaziale di 300m. In questo coritesto é
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. SRl | siti

saranno selezionati i a8 IR dzyl aSNAS RA GONARGSNR RA |jdz ¢
spettroradiometri VNIR automatici per osservazioni in continuo pochi minuti) e di lungo periodo (stagionali).

Le misure di radianza/riflettanza tegf-canopy, saranno impiegate pealutare la qualita dei prodotti
satellitari LeveR. Le misure spettrali puntuali saranno integrate con osservazioni da droni, sorvoli aerei e
YA&ddz2NBE RA OF YL2 RSA LI NIFYSGNR 0A2FAAAOAZT I|ibutoFAYyS |
verra presentato il piano preliminare delle attivita 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 Explonégsidheaims to provide global maps

of vegetation surinduced 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
compettion 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 surinduced chlorophyll fluorescence fieéld/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 approacéaligation
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 sygies with PRISMA.

Field spectroscopy and cal/val activities

Different fluorescence products such as: $A0and G-B TOC fluorescence emission values; ii) peak values

and peak position of TOC fluorescence emission and iii) total TOC fluorescencerearsslee 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 radiansg 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 st&t@art spectrometer, making the comparison of
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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 researaistitutes (e.g. Cogliati et al., 2015; Meroni et al., 2011, Corp et

al., 2010; Daumard et al., 2010). These fsghctral resolution automatic instruments have been developed

for unattended fluorescence measurements: they represent a novel way to proeiiectance 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 validatiorschemes of both radiance products and for higher level products (e.g.
thematic maps of bio/geophysical variables). In the context of fluorescence callval activities, different
important points should be considered: i) definition of the validation appro@charameters 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.,
atmospleric correction, vegetation carbon fluxes etc.). An ltalian 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 continuousengpectral measurements that could be useful from PRISMA
call/val activities (i.e. intercalibration radiance/reflectance (speetagliometric), irradiance (atmospheric
parameters)). PRISMA and FLEX should, to some extent, operate together, maybe prailigm
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 andltime wil
also allow to better parametrize RT model for indirect FLEX validation at the selected sites.
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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 Hgpectral 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, thantsdapability 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 compatile 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 patlcofiversion of the impinging photon

flux to the Digital Numbers produced at instrument electronics output (LO data). The modules comprise
image projection and propagation through telescope to HYP (hyperspectral) and PAN (panchromatic) focal
planes, with sptial optical effects (distortion, aberrations, smile/keystone, motion effect, etc.), spectral
filtering (channels dispersion, SRFs) and full detection chain effects (background and dark signal, roise, non
uniformities, etc.).

HSIS FUNCTIONS

The hyperspectral image simulator for PRISMA mission produces simulated PRil&MVifnagery in the
spectral range of interest ([0-:2.5] um) integrating into a single tool all the relevant knowledge about the
instrument, the radiation source, the atmosphere, and theserved scene and considering:

1 orbital and attitude movements of the satellite during pdstoom acquisition;

1 Sun ephemerids and atmospheric effects;

1 Earth surface properties as reflectivities and/or ToA radiances, Digital Elevation Models;
1

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

9 Generation of the Digital Counts and LO formatting in the CCSDS format.

HSIS performs the mapping from Earth surface to sensor detector array, taddregccount 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 radiatve 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 DEjguasind Sun ephemerids at the
acquisition time. At this stage, HSIS generates the hyperspectral and panchromatic radiances images at the
19
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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 pudiroom linear array generation along input pdefined 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 attie 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 foidimétisional data manipulation,
the following main modules:

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

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

1 A radiometric module, implementing the full electronics detection chain generating discretized pixel
signals in output from the nstrument onboard processing board, including pikstpixel
distributions of gain, offset, noise.

The output data in digital counts from VN8RVIR channels has 3D dimensions (samples, lines, bands), the
PAN channel output has 2D dimensions (sampless)lifidhe 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 acquisitiothewmast Michigan Lake
south of Manistee National Forest (Grand and Kalamazoo River Outlets, M) in 2008;.8

d N

a) ToA Radiance Hypercube b) VNIR channels Digital Coun ¢) SWIR channels Digi@bunts

before the application of the (SWIR has a 2 different gains il
sensor model the ranges 9.99.4um 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 H8I teas 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 Applicativathe Istituto Nazionale di Geofisica e Vulcanologia (INGV) is coordinating the scientific
project ASIAGI (Analisi Sistemi Iperspettrali per le Applicazioni Geofisiche Integrate) to develop specific
algorithms and products for various geophysical applicetim this project a PRISMKe 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 tadsimula
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. Etas 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 radiamtéhe atsensor

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 theateav#pheresensor
geometry and spectral regpse function as baseline for obtaining a suitable simulated image. The study does
not consider parameters related to sensor technical characteristics such as-tBijfwbe Ratio (SNR) of
sensor and the electrmechanical noise due to sensor functionakt

The following inputs have to be used to obtairsansor radiances in different channels of the sensor:

1 Radiative Transfer ModeIMODTRAN, that is the main core of STORE; this code offers the possibility
to simulate under different atmospheric arsirface conditions the interaction among sensor and
target;

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

1 Surface characterizatidfield campaignsri 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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1 Sensor information/SRF in terms of satellite attitude (considetime 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 PRilgdAinulation has been reported.

(% ey
-~ s L) ﬁ i Pianodelle Concazze Radiance

——HYPERION_26  —PRISMA_VNIR PRISMA_SWIR

VegetationRadiance

—— Hyperion 26/06/2012 ——PRISMA_VNIR —— PRISMA_SWIR

Comsatmizen)

Fig. 1 Comparison of simulated PRISM& 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 differentlua 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 thgeasor signals in the diverse atmosphere
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 aining 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 corsadameters related

to sensor technical characteristics such as Sitpbloise Ratio (SNR) of sensor and the eleoischanical

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 immssas 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, SpaesBIT a

the processing, even in retime, of the displayed data, a feature useful in stages of quality control,
calibration and validation of EO processors. The-ties# processing is achieved through a software
framework, partly developed in FASTAMAP ecbjcofunded by ASI, which uses the parallel processing
power of the Graphical Processing URlanetek has also developed innovative techniques for compressing

and processing of hyperspectral data that are based on the methodology (patent pending) A(HPEGd

A-mixing Principal Component Analysis), the compressive sensing matrix and on completion.

[ Q20ASGGA©@2 RSt LINBaSydS AyaSNBSyaG2 § Aff dzad NI NE
O2yadzZ GFT A2y Ss t QSt Itiapardpktirak, SugpBrtasdo Ie sinergi©chdisipasygofio ckR&é. R
tra la missione PRISMA e altre missioni come le Sentinelle e CEk$MEd. Al fine di gestire e visualizzare
immagini di grandi dimensioni, Planetek ha sviluppato SpaceBIT (Big Image Tapplicazione 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 -imesatlei dati visualizzati,
caratteristica utié nelle fasi di controllo qualita, calibrazione e validazione dei processori di EO. Il processing
in realtime € ottenuto attraverso un framework software, in parte sviluppato nel progetto FAST4AMAP co
finanziato da ASI, che sfrutta le capacita di calc@lelo delle Graphical Processing Unit. Planetek ha,
Ay2ft GNBX aQAf dzLILI G2 GSOYAOKS Ayy20F0A0S LISNI 1 02
sulla metodologia (patent pending) HUNPCA (Hybridmiking Principal Component Analysisul
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. Unfortungtelcquiring, 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 im{gesha
definition of proper exploitation and dissemination tools to enable-@isér 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 bgtelawithin several EU/ITA funded programs.

Hyperspectral compression based on Sparsity enforcing methods

The key objectives of The Sparse Sigr@tessing Technologies fdyper pectrallmagingSystems (PHy SIS
include i) the design of cutting edgegerspectral 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 methodsnfitiecement of

the low-rank matrices generated from the acquired hyperspectral data by employing the recovery
capabilities of the recently developed frameworkMéatrix Completion(MC). This approach addresses the
recovery of higkdimensional data from whatppears 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.

Hyperion Salinas

~ MC Recovery

RNGS
Datasets CCSDS-123 Metrics m lossless | Resolution

> Salinas > efice Encoder > Peak SNR salinas 1143 425 106.25

> Botswana > 15band prediction »  Structural Similarity IM 88.0
» Pavia University » Compression Ratio Botswana 528 352 %
PaviaU 9.76 385 96.25

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

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

SpaceOP3C

spaceOP3C (Gwoard Processing for Compression and Clouds Classification) is a new compression technique
based on a Patent Pending methodology from Planetek Hellas, neitdddPCA(Hybrid Uamixing Principal
Component Analysis), which utilizes the spectmaimixing procedure and PCA combined with a lossless
generic coding algorithm. This methodology ensures that even with the highest compression re8) (25

the information loss is quite low. Also in the case were the compression ratio decreask®) (it 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 formhigh is a typical characteristic of the class of techniques known as
compressed sensing
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Fig.2 SpaceOP3C results on Hyperion Dataset Absolute and Spectral Angle Distance Errors

Exploitation scenarios: SpaceBIT case study

The ambition is to have an autoti@or semiautomatic 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 multtore SIMD CPU available on desktop, server artokded system for processing and
visualizing in any suitable/affordable technique the BIG data stream coming from space and Earth
observation.

¢tKS NBalLkRyasS (2 GKSa& SBgimddeRal (SpaceBI)iad&sktoptappheBionddsigred + S NJ
for scientific data processing with C/C++ and Python codes (Fig.3), covering the followhugiarged

criteria:

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

1 investigate whether the data in their original format (e.g. HDF5,-BOE or FITS files) are suited for
processing by a GPU or mwdtire CPU.

1 analyse how to adapt/ port a defined set of algorithms into a form suitable for(@PRENGL, Vulkan,
OpenCL,Meta§ ESQdzi A2y fAYyl1AYy3d GKS&AS lylfteaara G261+ N

1 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://llvmgpcompiler technology.

9 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 fattibilita della stima da misure satellitari della speciazione chimica degli
aerosol, identificando composti simdliquelli 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

[ 2L RSt QLVISKIRAGikzAhdo gldgdritmi hesronalgbbiamo tentato di inferire

f Qroo2yRIYyTF NBtFGAGI RSEfS LINAYyOALI tA O2YLRyYySyi
materiale organico, fuliggine, polvere minerale e sali marini) a partire dalla sola conoscenza della riflettanza
iperspettrde tra 350 e 1000 nm e dallo spessore ottico totale degli aerosol. | primi risultati preliminari
permettono di essere ottimistici sulla fattibilita di questo nuovo metodo, in particolare per i composti meno
assorbenti.

Motivazione

La composizione chimiadegli aerosol nelle applicazioni di telerilevamento viene talvolta rappresentata
individuando una serie di "classi" (0 "modelli") di aerosol, (es. continentale, urbano, marittimo, desertico,
ecc.), che vengono selezionati in modo pit 0 meno automatica diggiritmi di inversione. La selezione di

uno di questi modelli di aerosol & spesso implicita anche nella stima di altre quantita legate agli aerosol, come
f2 aLSaazNB 2G0GA02 2 fQFrfoSR2 RA aAy32ivene dsOati G S NR
In questo lavoro, esploriamo la possibilita di identificare da misure satellitari un insieme differente di classi

di aerosol, piu direttamente confrontabili con le misure in situ e le simulazioni con modelli di chimica e
trasporto. Quest 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
RSt f QeraflinibdoHa 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 aerosohgeate usando il modello di chimica e trasporto GEDSm, nel
GSyGFrdA@2 RA NI LILINBaAaSY(dFNB dzy FYLAZ2 alLISGaN2 RSt €l
j dzS§8& G2 LINAY2 SALISNARAYSyid2 azy2 aildS adafaddedtageyil S
O2y 4N aid2 GNY FGY22FSNY S &adzZLlSNFAOAS S &ASYLX AFAOL
Le proprieta ottiche dei profili di aerosol simulati sono calcolate con diverse assunzioni alternative delle
proprieta chimicefisiche (indici di rifazione, densita, igroscopicita, stato di mixing). Le riflettanze al top
RStEfQFIaGY2AFSNI &az2y2 200SydziS GNIYAGS At Y2RStt2 R
ALISGAONI €S yStt QAy (S NIDOGnm2assBnendd demedSdsderBazidhdigichdRdi o p n
un satellite polare (es. MODIS, PRISMA, Hyperion, Se8tiret.).

l00Al Y2 [FRRS&AGUNIG2 p NBGA ySdzNFfAZ dzyl LISNI OAl &aod
(angoli zenitale e azimutale del Sole, latitwgidongitudine, AOD a 550 nm, 7 componenti PCA piu
AAIAYATFAOIGAGBS RSt NRFESOAAGFyTEF Ff ¢h! 0o [ Q2 dzi Lz

YIaal G201 tS RStfQll SNrpazfuo RStffl &aLISOAS &adz Odzh 8

Risultati

INFigural Y2 A G NA Y2 2 aOFGGSNLX 20 GNIX Af OF YLA2YS RA
radianze per quattro delle specie chimiche considerate. Le polveri desertiche sono idantificlto bene

RIEf f QF f2%F9.81) do¥i 2omé ivsali marinf €R0.87). La rete neurale & anche capace di distinguere in
modo significativo la frazione inorganica €R0.79) e quella organicaR 0.65). InFigura2 mostriamo il

NRA adzZ GF G2 LISNIfI &ALISOAS LAG aaz2NbSyidSs f2+03M)dz A 33
ma trasformando i dati con il logaritmo (per rendepiu simmetrico il dataset) le capacita aumentano
considerevolmente (R= 0.78).

Figurald wA adz GFGA RStE€F adAyYlF RStfQlFI602yREFEYT I 1
realizzata invertendo le riflettanze iperspettraliTOA con algoritmi neurali. | dati sono tutti
simulati. Il coefficiente di determinazione é riportato nei titoli.
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