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1. scopo del documento 

Scopo del presente documento è quello di fornire una nota informativa di sintesi sulla piattaforma spaziale International Space Station –ISS-, sulle infrastrutture e facilities per la sperimentazione disponibili a bordo, sul budget di risorse nazionali di utilizzazione ISS che ASI intende allocare al presente Bando, sui vincoli tecnici, sulle procedure operative e i processi multilaterali che governano l’accettazione degli esperimenti nei Piani di Utilizzazione internazionali della ISS.
2. contesto programmatico
L’accesso alla Stazione Spaziale Internazionale e le opportunità di volo di astronauti alla ISS sono in generale diritti acquisiti dai Partners dell’IGA, un accordo intergovernativo sottoscritto dai Governi di Canada, Europa, Giappone, Russia e Stati Uniti il 29 gennaio 1998. L’Italia, per il tramite dell’ASI, ha acquisito, oltre alla partecipazione alla quota dei diritti di accesso e uso del Partner europeo, una propria quota di diritti nazionali derivante dal Memorandum of Understanding tra l’ASI e la NASA per la Progettazione, lo Sviluppo, l’Operazione e l’Utilizzazione di tre Moduli Logistici Pressurizzati Multifunzione (MPLM) per la Stazione Spaziale Internazionale, sottoscritto il 9 ottobre 1997 (MoU successivamente recepito in un accordo intergovernativo tra l’Italia e gli Stati Uniti mediante scambio di lettere entrato in vigore l’11 gennaio 2005).

L’Italia ha pertanto una posizione privilegiata rispetto agli altri Paesi europei, e gode di possibilità e diritti di accesso alla ISS diretti per il tramite del Partner NASA.

3. la piattaforma iss

La Stazione Spaziale Internazionale (ISS) è una piattaforma spaziale per la sperimentazione scientifica e tecnologica in condizioni di microgravità.
Sulla Terra la gravità è una forza costante che non è possibile controllare o rimuovere completamente. In molti casi la gravità terrestre domina e maschera le altre forze che agiscono nei processi fisico-chimici sottoposte alla indagine scientifica. La ISS costituisce un ambiente sperimentale nel quale la gravità terrestre è posta sotto controllo.

In generale, la ISS è un laboratorio spaziale caratterizzato, oltreché dalla condizione di microgravità: dalla presenza continua dell’uomo; dall’accesso alle condizioni di vuoto spinto dell’ambiente spaziale esterno; dalla capacità di garantire le risorse necessarie alla sperimentazione; da servizi di trasporto di equipaggiamenti e campioni da e per la terra; da una orbita privilegiata per attività di osservazione della Terra e dell’Universo. Altre caratteristiche chiave della piattaforma ISS sono: il supporto alla sperimentazione in ambiente interno (pressurizzato) ed esterno (non-pressurizzato); la capacità di operare la ricerca in modalità automatica e robotica, oltreché eseguita dall’equipaggio; l’esposizione alla termosfera; una copertura quasi continua per la trasmissione dei dati e delle comunicazioni in qualsiasi punto del globo terrestre; un progetto modulare e mantenibile che ne rende possibile il continuo aggiornamento tecnologico e l’estensione della capacità e della vita operativa.
La configurazione della ISS ad “Assembly Complete” è illustrata dalla seguente figura.
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Figura 3‑1 – Esploso ISS ad “Assembly Complete”
La tabella seguente riepiloga alcuni dati caratteristici della ISS.
	Quota
	376 ÷ 398 km

	Velocità media
	27.750 km/h c.

	Inclinazione dell’orbita
	51,6°

	Lunghezza moduli (dimensione longitudinale)
	51 metri

	Lunghezza struttura a trave (dimensione trasversale)
	109 metri

	Larghezza set pannelli solari
	73 metri

	Massa complessiva
	391 tonnellate

	Volume abitabile
	388 metri cubi

	Volume pressurizzato
	916 metri cubi

	Potenza generata (dagli 8 pannelli solari)
	84 kW

	Linee di codice software
	2,3 milioni c.


Tabella 3‑1 – La ISS in cifre
La Stazione Spaziale supporta i seguenti campi di ricerca e di attività: biologia e biotecnologia, divulgazione scientifica e attività educative, fisiologia umana, osservazione della Terra e dell’Universo, scienze fisiche e dei materiali, tecnologie.

La tabella seguente riassume le risorse disponibili per la ricerca a bordo della Stazione.
	Potenza media
	
	30 kW

	Trasmissione dati a terra
	Video
	~ 37,5 Mbps (3 x 12,5 Mbps)

	
	Scienza e telemetria
	~ 8 Mbps

	
	Immagini fisse
	~ 5 Mbps

	
	Dati registrati in fase LOS (Loss Of Signal)
	~ 20 Mbps

	“Racks” interni
	NASA Lab (Destiny)
	13

	
	ESA Lab (Columbus)
	11

	
	JAXA Lab (Kibo)
	10

	Alloggiamenti esterni
	NASA (Truss ELC)
	8

	
	ESA (ExpFa)
	4

	
	JAXA (JEM-EF)
	10

	Tempo astronauta
	
	35 ore/settimana (media)


Tabella 3‑2 – Le risorse per i “payload”
La figura che segue rappresenta il consuntivo e la proiezione a fine vita del tempo astronauta dedicato alle attività di ricerca.
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Figura 3‑2 - Tempo astronauta cumulativo (NASA courtesy)
Ambiente di microgravità

Le figure seguenti illustrano le condizioni di microgravità a bordo della ISS. I grafici in figura 3-2 danno conto della perturbazione di microgravità misurata dai sensori di bordo nelle condizioni specificate. In particolare, il grafico a destra mostra la perturbazione misurata con il sistema di smorzamento delle vibrazioni ARIS, descritto dalla figura 3-, attivo.
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Figura 3‑3 – Ambiente microgravitazionale (NASA courtesy)
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Figura 3‑4 – Sistema ARIS (Active Rack Isolation System) (NASA courtesy)
4. gli equipaggiamenti e i servizi disponibili
Ambiente pressurizzato

All’interno della Stazione gli spazi per la ricerca sono rappresentati principalmente dai “rack” di utilizzazione. Questi sono sistemi standard multifunzione o specializzati per disciplina.

Allo stato corrente di realizzazione della Stazione Spaziale (Assembly Complete), NASA dispone di 19 rack, la cui topologia è rappresentata nella figura seguente.
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Figura 4‑1 – Topologia dei rack di utilizzazione (NASA courtesy)
La Figura 4-2 illustra i 19 rack della NASA.
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Figura 4‑2 – Rack NASA di Utilizzazione 
· ExPRESS (Expedite the Processing of Experiments for Space Station) Racks
Gli ExPRESS Rack sono sistemi standard per alloggiare attrezzature di ricerca e fornire le risorse necessarie alla esecuzione degli esperimenti. Possono alloggiare gli esperimenti in “locker” di dimensioni equivalenti all’analogo sistema del “mid-deck” dello Space Shuttle (sub-rack payload) o in cassetti standard (drawer). La figura 4.3 illustra graficamente le principali caratteristiche di un ExPRESS Rack.
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Figura 4‑3 – ExPRESS Rack (NASA courtesy)
La tabella 4.1 elenca le risorse allocate dalla Stazione al singolo Rack.

	Potenza
	3, 6, 12 kW, 114,5 ÷ 126 Vdc

	Dati
	Low Rate
	MIL-STD-1533 bus 1 Mbps

	
	High Rate
	100 Mbps

	
	Ethernet
	10 Mbps

	
	Video
	NTSC (National Television System Committee) std

	Fluidi
	Azoto
	0,1 kg/min (flusso min)

517 ÷ 827 kPa (nominale); 1.379 kPa (max)

	
	Argon, CO2, Elio
	517 ÷ 768 kPa (nominale); 1.379 kPa (max)

	Circuiti di raffreddamento
	MTL (Moderate Temperature Loop)
	Temperatura
16,1 ÷ 18,3 C°

Portata

0 ÷ 45,36 kg/h

	
	LTL (Low Temperature Loop)
	Temperatura
3,3 ÷ 5,6 C°

Portata

233 kg/h

	Vuoto
	Capacità
	10-3 torr

	
	Rateo
	10-3 torr < 2 h (per singolo p/l, volume 1 dm3)

	NB. Valori di riferimento. I requisiti sono riportati dai documenti applicabili.


Tabella 4‑1 – Risorse da ISS a Rack
La tabella 4.2 elenca le risorse disponibili ai payload in relazione al loro alloggiamento (singolo locker, cassetto, a livello del rack).

	Sistema
	 “Locker” singolo
	ISIS Drawer
	Livello Rack

	
	
	
	

	Limite strutturale
	32,5 kg
	29 kg
	8 Mid deck Lockers
2 ISS Drawers

	Potenza
	28 Vdc, 0-500 W
	28 Vdc, 0-500 W
	2000 W (28 Vdc)


	Raffreddamento ad aria
	≤ 200 W
	≤ 100 W
	1200 W

	Raffreddamento ad acqua
	500 W (2 attacchi per rack)
	2 attacchi

	C&DH
	RS 422 (analogica)

Ethernet (digitale)

	Video
	NTSC/RS170A

	Scarico gas esausti
	1 attacco per rack

	Azoto
	1 attacco per rack

	NB. Valori di riferimento. I requisiti sono riportati nei documenti applicabili.


Tabella 4‑2 – Risorse da Rack a payload
Gli ExPRESS Rack NASA a bordo della ISS sono 8, di cui 5 nel laboratorio americano US Lab-Destiny (ER1, ER2A, ER6, ER7, ER8), 1 in quello europeo Columbus (ER3A), 2 nel laboratorio giapponese JEM-Kibo (ER4, ER5).
· Conservazione a bassa temperatura
I sistemi di conservazione a bassa temperatura dei campioni sono illustrati, insieme alle loro caratteristiche peculiari nella figura 4.4. Il sistema in operazione a bordo della Stazione è il MELFI, in tre esemplari. MERLIN, GLACIER e Cold Bag sono i sistemi utilizzati per il trasporto dei campioni refrigerati da e per la ISS.
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Figura 4‑4 – Sistemi di refrigerazione (NASA courtesy)
· “Facilities” specializzate per disciplina
Le “facility” NASA specializzate per disciplina sono elencate di seguito.
· HRF-1 / HRF - 2 (Human Research Facility-1/-2) [Columbus]
· Per la ricerca sulle modifiche fisiologiche, comportamentali, chimiche indotte dalla lunga permanenza nello spazio
· CIR (Combustion Integrated Rack) [US Lab]
· Per l’analisi fisico-chimica della combustione in microgravità

· FIR (Fluids Integrated Rack) [US Lab]
· Per esperimenti di fisica dei fluidi
· MSRR-1 (Materials Science Research Rack-1) [US Lab]
· Per ricerca sui materiali. La parte attiva è il Material Science Laboratory (MSL) dell’ESA, costituito da una fornace di solidificazione e tempra.
· MARES (Muscle Atrophy Research and Exercise System) [Columbus]
· Per l’analisi degli effetti della microgravità sull’apparato locomotore

· WORF (Window Observational Research Facility) [US Lab]
· Per l’osservazione della Terra e dello Spazio

· SPACE-DRUMS (Space Dynamically Responding Ultrasound Matrix System) [JEM]
· Per il contenimento di campioni senza contatto con le pareti. Integrato in ER#5

Informazioni di maggiore dettaglio sui sistemi elencati sopra sono reperibili al seguente link:
http://www.nasa.gov/mission_pages/station/science/experiments/Discipline.html
Ambiente non pressurizzato

All’esterno della Stazione, la ricerca è effettuata utilizzando le piattaforme esposte. La NASA ha sviluppato gli ExPRESS Logistic Carrier (ELC), che sono alloggiati sulla trave reticolare della ISS per mezzo dei “Common Attachement System (CAS)”.

Le risorse disponibili in corrispondenza del singolo CAS, per cui fornite all’intero ELC, sono riportate nella tabella in Fig. 4.5.
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Figura 4‑5 – Risorse da ISS a ELC (NASA courtesy)
Sulla ISS sono alloggiati 4 ELC (ELC1, ELC2, ELC4 su Truss S3; ELC3 su Truss P3). Ciascun ELC dispone di 2 alloggiamenti per i payload di utilizzazione. Le risorse disponibili per ogni alloggiamento sono riportate nella Fig. 4.6.
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Figura 4‑6 – Risorse da ELC a singolo punto d’attacco paylaod (NASA courtesy)
Le “facility” dell’Agenzia Spaziale Italiana
L’Agenzia Spaziale Italiana ha sviluppato sistemi e attrezzature per la sperimentazione a bordo della ISS. Le “facility” realizzate da ASI sono state trasportate a bordo della ISS e hanno effettuato operazioni a scopo di ricerca. A conclusione delle operazioni programmate, le facility sono state riportate a terra per attività di manutenzione o ri-certificazione. Le facility ALTEA ed ELITE-S2 sono correntemente a bordo della ISS per completare il piano di attività programmato.
Le facility dell’ASI sono elencate di seguito.

· HPA (Hand Posture Analizer) [a terra]
· Per la misura delle prestazioni degli arti superiori (mano, avambraccio). In orbita dal 2003 e stato riportato a terra nel 2011, con l’ultimo volo Shuttle.

· ALTEA (Anomalous Long Term Effects in Astronauts) [a bordo, US Lab]
· Per misure di radiazione e lo studio degli effetti della radiazione cosmica sugli astronauti. A bordo dal 2006. In operazione.

· ELITE-S2 (ELaboratore Immagini TElevisive – S2) [a bordo]
· Per l’analisi tridimensionale del movimento degli astronauti nello spazio. A bordo nel 2008. Operazioni programmate per fine 2012.
· MDS (Mice Drawer System) [a terra]
· Permette il mantenimento e l’osservazione di animali di piccola taglia. La prima missione è stata effettuata nel 2009.
· BIOKON (BIOlogical c(K)ONtainer) [a terra]
· Contenitore standard multifunzione per il trasporto di campioni e apparati sperimentali. Utilizzato in molteplici missioni
Le schede in Appendice 1, tratte dal ISS Science Toolnox del Programma ISS, forniscono una descrizione più dettagliata delle dotazioni dell’ASI elencate sopra e delle indagini con esse effettuate.
I servizi di trasporto
I mezzi di trasporto da e per la Stazione Spaziale Internazionale, previsti dopo il ritiro dello Space Shuttle, sono illustrati della figura seguente (Fig. 4.7).

[image: image12.jpg]ISS V|S|t|ng Vehicles Post-Shuttle
X3 il ‘ ~Dragon (SpaceX)

HTV (JAXA)





Figura 4‑7 – Veicoli di trasporto post-STS (NASA courtesy)
Le schede delle figure seguenti ne descrivono le principali caratteristiche e la capacità di carico.
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Il grafico in Appendice 2 illustra il piano dei lanci previsto per i prossimi incrementi.
5. budget di risorse nazionali di utilizzazione iss allocate al bando

L’Agenzia Spaziale Italiana, tramite il Memorandum Of Understanding (MOU) per la realizzazione dei moduli MPLM, ha acquisito una quota di diritti di utilizzazione della Stazione Spaziale pari ad una frazione delle risorse allocata alla NASA.
ASI ha diritti di utilizzo (allocazione in ambiente pressurizzato e ambiente esterne, servizi di trasporto da e per la stazione, tempo astronauta e altro) pari allo 0,85% della quota NASA, che equivale altresì allo 0.6% delle risorse complessive della ISS.

Sulla base della previsione di risorse disponibili alla Utilizzazione e sulla programmazione a lungo termini delle operazioni, stabilite dal “Consolidated and Operation Utilizazion Plan (COUP)” per il periodo 2012-2015, la disponibilità di ASI nello stesso periodo è calcolata come riportato in tabella seguente.
	Risorsa
	Disponibilità ASI
	Note 

	Up-mass (pres e non-pres)
	118 kg
	Riserva: 85 kg

	Down-mass
	24,5 kg
	Riserva: 28,5 kg

	Tempo astronauta
	11,4 ore / anno
	

	Volume interno
	1,56 MLE *
	1 MLE = 56,6 l

	Spazi esterni
	1 p.to d’attacco per 45 gg. / anno (c.)
	

	Altre risorse (dati, power, ecc.)
	Stabilitedai requisiti applicabili, nei limiti della disponibilità
	e.g., SSP-57000 “Pressurized P/L IRD”


* MLE = Mid-deck Locker Equivalent
Tabella 5‑1 – Risorse disponibili ad ASI per il periodo 2012-2015
Le previsioni sono soggette a variazione nella fase di programmazione a medio-breve termine. In particolare, le allocazioni per il trasporto per e dalla ISS possono aumentare in relazione al rilascio a favore della utilizzazione delle riserve allocate per la manutenzione straordinaria e per le situazioni contingenti. Le quote di riserva equivalenti ai diritti ASI sono riportate nella colonna Note della tabella. Nella stima previsionale del tempo astronauta non è incluso il tempo extra-lavorativo che gli astronauti dedicano su base volontaria agli esperimenti.
Le proposte di sperimentazione sulla ISS dovranno essere congruenti con le risorse disponibili ad ASI. La effettiva pianificazione delle proposte selezionate è soggetta al processo NASA di accettazione delle candidature e di programmazione a breve termine.
La pianificazione degli esperimenti che prevedono l’utilizzo delle facility NASA specializzate per disciplina è soggetta alla definizione tra ASI e NASA delle modalità di accesso alla facility e alla negoziazione delle risorse necessarie.
La pianificazione degli esperimenti che prevedono l’utilizzo delle facility ASI è soggetta alla disponibilità dei fondi necessari alla messa in operazioni e al sustaining delle facility stesse.
6. i processi di selezione, integrazione e certificazione dei p/l della iss
Il processo di selezione
Il processo di selezione dei payload e di pianificazione delle operazioni è basato su coppie di Incrementi (per un periodo totale di circa sei mesi). Il processo comincia circa 19 mesi prima dell’inizio dell’incremento (I – 19 m) e si conclude, circa 16 mesi prima dell’inizio dell’Incremento (I – 16 m) con la emissione di una piano di riferimento che include i payload selezionati (Payload Tactical Plan). Il piano può essere aggiornato con revisioni successive per includere payload e/o esperimenti selezionati più tardi nel processo di integrazione. La figura 6.2 illustra con uno schema a blocchi il processo di selezione dei payload.
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Figura 6‑1 – Processo di selezione dei payload
La candidatura delle proposte selezionate e la partecipazione al processo di selezione è di responsabilità dell’Agenzia Spaziale Italiana.

Ai fini della candidatura dei payload, il proponente dovrà fornire le informazioni necessarie a supportare il processo di selezione. In particolare, il proponente dovrà fornire in sede di offerta i modelli in Allegato 1 (2-pager) e Allegato 2 (Investigation Summary Form), compilati al meglio delle proprie conoscenze. I modelli sono forniti in formato elettronico.
Il proceso di integrazione e certificazione
Il processo di integrazione dei payload e degli esperimenti associati segue un processo standard la cui durata dipende dalla tipologia e dalla complessità del “payload”.

La figura seguente illustra le fasi del processo la cui durata nominale è 36 mesi.
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Figura 6‑2 – Processo standard di integrazione dei p/l su ISS
Il processo d’integrazione è supportato sul lato NASA dal Payload Integration Manager (PIM) che costituisce il punto di contatto primario per lo sviluppatore.
Il processo d’integrazione prevede la verifica della rispondenza del payload ai requisiti di sicurezza e d’ingegneria della ISS e la sua certificazione al volo. La figura 6.2 in pagina seguente definisce in sintesi la documentazione prodotta durante il processo di integrazione. I principali documenti di requisito suddivisi in requisiti di sicurezza e requisiti standard sono elencati in appendice 2.
Sulla base dei fondi disponibili, l’ASI fornirà supporto tecnico e gestionale al processo di integrazione. In particolare, sarà fornita la consulenza e il supporto alla predisposizione della documentazione d’integrazione, con particolare attenzione al processo di certificazione di sicurezza (Payload Safety Process) e alla documentazione associata (Safety Data Packages).
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Figura 6‑3 – Documentazione di requisito
Esperimenti che richiedono l’astronauta come soggetto
Gli esperimenti che coinvolgono un astronauta come soggetto della ricerca richiedono, come parte del processo di integrazione, l’approvazione dei comitati etici competenti, inclusi il comitato medico dell’Agenzia di appartenenza dell’astronauta, il CPHS (Committee for the Protection of Human Subjects) e l’HRMRB (Human Research Multilateral Review Board), ed infine il consenso informato dello stesso soggetto.

Le proposte che richiedono un soggetto astronauta devono essere corredate di un documento (Mini Experiment Document). che specifichi il protocollo scientifico e il piano di raccolta dei dati a terra e di addestramento dell’astronauta Il documento va compilato secondo lo standard in Allegato 3 (fornito anche in formato elettronico).

APPENDICE 1 – Schede facilities ASI ed esperimenti correlati
(tratte da ISS Program Scientist Toolbox @ http://iss-science.jsc.nasa.gov)
	INVESTIGATION: ALTEA

	TITLE: Anomalous Long Term Effects in Astronauts' Central Nervous System 

	PAO SUMMARY: Anomalous Long Term Effects in Astronauts' Central Nervous System (ALTEA) integrates several diagnostic technologies to measure the effect of the exposure of crewmembers to cosmic radiation. It will improve the understanding of the impacts that radiation has on the human central nervous system functions, and will study the flashes from cosmic radiation that astronauts have reported since the Apollo flights. ALTEA will also provide an assessment of the radiation environment in the ISS.

	RESEARCH SUMMARY:

· Astronauts in orbit are exposed to cosmic radiation that is of sufficient frequency and intensity to cause effects on the central nervous system, such as the perception of flashes of light that have been reported since the days of Apollo. Radiation exposure represents one of the greatest risks to humans traveling on exploration missions beyond low Earth orbit (LEO).

· The ALTEA experiment, developed by the Italian Space Agency (ASI), will measure details about the cosmic radiation passing through a crewmembers head, while measuring the brain activity and visual perception. Furthermore, ALTEA will measure the particle flux in the U.S. Lab on the International Space Station (ISS), being able to discriminate the type of particles, to measure their trajectories and the delivered energies.

· This will provide in-depth information on the radiation experienced and its impact on the nervous systems and visual perception. ALTEA will also develop new risk parameters and possible countermeasures aimed at the functional central nervous system risks.

	RESEARCH DESCRIPTION: Long-duration space flights result in increased cosmic radiation exposure to astronauts. The ALTEA hardware is designed to measure particle radiation in the space environment, and determine how this radiation impacts the central nervous system (CNS) of the crew. The experiment is comprised of a helmet-shaped device holding 6 silicon particle detectors designed to measure cosmic radiation passing through the brain. The detectors measure the trajectory, energy, and species of individual ionizing particles. At the same time an electroencephalograph (EEG) will measure the brain activity of the crewmember to determine if radiation strikes cause changes in the electrophysiology of the brain in real time. 

A common effect of radiation exposure that is reported by astronauts is the perception of light flashes. The actual mechanism of these light flashes is not understood. Earlier studies on the Mir space station suggest that both heavy nuclei and protons trigger abnormal CNS responses. (Casolino et al, 2003). A Visual Stimulator tests the astronaut's overall visual system, including dark adaptation stimuli to monitor visual status. . While not manned, the ALTEA hardware provides a continuous measure of the cosmic radiation in the ISS U.S. Laboratory, Destiny. The neurophysiological effects of cosmic radiation in long term space travel have never been explored with the depth of the ALTEA experiment. Data collected will help quantify risks to astronauts on future long-duration space missions and propose optimized countermeasures. 

	PROJECT TYPE: Payload 

	OPERATIONS LOCATION: ISS Inflight 

	BRIEF RESEARCH OPERATIONS:

· The crewmember will wear an EEG cap and an instrumented helmet that contains six different particle detectors which measures radiation exposure, brain electrical activity and visual system status.

· While not being worn by the crew member the hardware will continue measuring the radiation environment in the U.S. Lab.

	OPERATIONAL REQUIREMENTS: Once the crewmember being tested has set up the experiment he or she then wears the ALTEA helmet for roughly 90 minutes, the time it takes for the ISS to completely orbit the Earth. ALTEA will require 6 of these tests.

	OPERATIONAL PROTOCOLS: A typical manned run of the experiment involves setting up the ALTEA hardware and performing calibrations before the ALTEA helmet is donned by the crewmember. The crewmember will then wear the helmet for 90 minutes while the sensors in the helmet are collecting EEG measurement. The unmanned run does not require crew time after it is launched. 

	REVIEW CYCLE STATUS: PI Reviewed, published to nasa.gov 

	APPLICATIONS IN SPACE: Astronauts from Apollo missions onward have reported seeing unexplained light flashes (phosphenes), which were attributed to abnormal brain function caused by space radiation. Outside the protection of Earth's magnetic shield, ISS crewmembers are exposed to increased radiation, but the radiation environment is even more severe as exploration crews leave Earth's geomagnetic field and transit to other planets. The tests conducted using the ALTEA hardware will help scientists characterize how the heavy ion radiation of space impacts the brain and whether or not that radiation causes any temporary or permanent abnormalities in the brain function and the visual system in particular. 

	APPLICATIONS ON EARTH: Data provided from ALTEA can lead to further understanding of how radiation may affect brain function on Earth as well as in space. While the levels of heavy ion radiation are much higher in space that on Earth, any understanding into the way radiation may alter brain function is extremely useful to neuroscientists of these studies. Ion therapies to treat brain tumours will also benefit from the ALTEA results. 


	INVESTIGATION: BIOKIS 

	TITLE: BIOKon In Space 

	PAO SUMMARY: BIOKon In Space (BIOKIS) involves the investigation of seven experiments sponsored by the Italian Space Agency (ASI-Agenzia Spaziale Italiana) in the areas of cellular biology, radiation and radioprotection, aging, germination and plant growth. These experiments will aim to evaluate various biological species to determine genetic distinctions following short-duration space flight; also, BIOKIS will utilize a variety of dosimeters to monitor radiation. 

	RESEARCH SUMMARY: 

· BIOKon In Space (BIOKIS) is a multidisciplinary scientific experiment in which various biological species will be evaluated for genetic alterations following short-duration space flight.

· BIOKIS will also utilize a variety of dosimeters to monitor radiation following short-duration space flight.

· BIOKIS will aim to investigate the following seven experiments sponsored by the Italian Space Agency: BioS-SPORE, PHOTO-EVOLUTION, HiDOSE, TARDIKISS, 3DISS, nDOSE, and Arabidops-ISS.

	

	PROJECT TYPE: Payload 

	OPERATIONS LOCATION: ISS In-flight 

	BRIEF RESEARCH OPERATIONS: 

	OPERATIONAL REQUIREMENTS: No observation is required by the crewmember. A late stow before launch, an early unstow (on-orbit), another late stow before re-entry (on-orbit) and an early retrieval (after re-entry) is required to reduce the phase of no illumination of PHOTO-EVOLUTION experiment. Manual activation of BioS-SPORE and ArabidopS-ISS is required on-orbit. Return of samples to ground is required for the post-flight analysis. 

	PREVIOUS MISSIONS: Increment 23/24 is the first ISS mission planned for BIOKIS. 


	INVESTIGATION: ELITE-S2 

	TITLA: ELaboratore Immagini TElevisive - Space 2 

	PAOSUMMARY: ELaboratore Immagini TElevisive - Space 2 (ELITE-S2) investigates the connection between brain, visualization and motion in the absence of gravity. By recording and analyzing the three-dimensional motion of crewmembers, this study helps engineers apply ergonomics into future spacecraft designs and determines the effects of weightlessness on breathing mechanisms for long-duration missions.



	RESEARCH SUMMARY: 

· On Earth, the ability to catch a ball depends on a mental model of the physical behavior of that object, a model that includes gravity. In a microgravity environment, crewmembers adjust their motor control strategies to respond to new rules, but still show evidence that the old gravity-based rules are hard-wired into their brains through neural networks.

· This experiment evaluates differences in the way the brain controls conscious and unconscious motions such as breathing, sitting and standing in environments with and without gravity.

	RESEARCH DESCRIPTION: Several experiments done in orbit have demonstrated that similar neural and cognitive mechanisms participate during both imagining and executing a movement. A previous Neurolab study showed that crewmembers used an internal model of gravity, even in microgravity, to initiate the movements of catching a dropped ball. This demonstrated that gravity representation is built into the neural networks involved in planning interceptive movements. More recently, it has been uncovered that activity in the vestibular cortex represents the neural substrate of the internal model of Newton's law in the Earth's gravitational field. However, mental imagery of the laws of motion of objects has not been studied in space to date.br />
ELITE-S2 provides a system for observations on body motor control during long term exposure to microgravity and performs quantitative data collection and analysis on board the International Space Station (ISS). The primary goal of ELITE-S2 is to study the strategies for dynamic control of posture and body motion and adaptive mechanisms which allow adjustment of motor control strategies resulting from exposure to microgravity. ELITE-S2 investigates whether gravity representation also affects mental imagery of an interceptive task in microgravity. In addition, it investigates the effects of weightlessness on breathing mechanisms.br />
To better understand the neural mechanism for motor control in microgravity, ELITE-S2 analyzes movement of crewmembers from sitting to standing while monitoring the quantitative postural response to optokinetic stimulation (visual tracking of motion). The role of sensory inputs in the organization of the locomotion patterns and the role of sensorimotor integration mechanisms are evaluated during pointing and reaching tasks. Cardiorespiratory physiology is examined by quantitatively analyzing the chest wall compartment mechanics. To aid in ergonomic design and human factors for future spacecraft design, this investigation also evaluates working posture.

Understanding the ability of the human brain to mentally represent the presence or absence of gravity is key to training crewmembers to complete tasks in a low gravity environment. Ergonomics findings from this study can be used in the design of future spacecraft and space-qualified systems.

Two experiment protocols have been defined for ELITE-S2:

· Imagery of object Motion Affected by Gravity in null gravity Experiments for ELITE-S2 (IMAGINE-2): On Earth our ability to catch a ball depends on a mental model of the physical behavior of that object, a model that includes gravity. In a microgravity environment, crewmembers adjust their motor control strategies to respond to new rules, but still show evidence that the old gravity based rules are hard wired into their brains through neural networks.

· Movement in Orbit Vehicle Experiments (MOVE): This experiment evaluates differences in the way the brain controls conscious and unconcious motions such as bending trunk, pointing and reaching objects in environments with and without gravity.

	PROJECT TYPE: Payload 

	OPERATIONS LOCATION: ISS Inflight 

	BRIEF RESEARCH OPERATIONS: 

· Reflective markers are applied to landmarks on each participating crewmember.

· As the crewmember makes a set of designated movements, cameras capture the data which is then used to produce quantitative assessments of the motion.

	OPERATIONAL REQUIREMENTS: The hardware for the experiment (the Interface Management Unit) is installed in an EXPRESS Rack and the cameras and body restraints must be mounted in specific areas. A total of three sessions of ELITE-S2 with three crewmembers participating in each session are required. The first session is immediately following vehicle docking to ISS, the second session one month after docking and the third session shortly before the crewmembers return to Earth. The data captured by the cameras in each session is downlinked for analysis by ground teams. The ground teams study the mental representations of gravity and microgravity as well as the adaptive mechanisms of motor control to microgravity. 

	OPERATIONAL PROTOCOLS: For each protocol, a set of body landmarks are identified and reflective markers are applied on the crewmember performing the experiment. The crewmember performs prescheduled movements (for example, the subject has to reach and brush, without exerting forces) with his index finger tips then return to the initial position. Video cameras trace the trajectories of the body parts of the crewmember catching the light reflected by the markers. This allows the cameras to record the kinetic and trajectory data of the movement. 

	APPLICATIONS IN SPACE: This study allows for the application of ergonomics in the design of future spacecraft and determines the effects of microgravity on breathing mechanisms for long-duration missions. 

	APPLICATIONS ON EARTH: This study has important implications not only for understanding basic mechanisms of motor control, but also for rehabilitative training of neurological patients with impaired motor control. New rehabilitation techniques are based on virtual reality and mental rehearsal of motor actions. 

	PREVIOUS MISSIONS: The predecessor to this investigation, ELITE-S, was flown on EUROMIR in 1995. A similar experiment, KINELITE, flew on STS-90. 


	INVESTIGATION: HPA 

	TITLE: Hand Posture Analyzer 

	PAO SUMMARY: Hand Posture Analyzer (HPA) examines the way hand and arm muscles are used differently during grasping and reaching tasks in weightlessness. Measurements are compared to those taken before and after flight to improve understanding of the effects of long-duration space flight on muscle fatigue. 

	RESEARCH SUMMARY: 

· The Hand Posture Analyzer (HPA) system is designed to collect kinematic and force data on human upper limbs (hands, wrists and forearms) onboard the International Space Station (ISS).

· Kinematics is the science of motion. In human movement, it is the study of the positions, angles, velocities, and accelerations of body segments and joints during motion.

· The kinematic studies on the movement of the hand and wrist in microgravity, collected while manipulating both virtual and concrete objects, is researched to assess the approaching, reaching, and grasping mechanics of the hand and fingers without the effect of gravity.

· Also, a fatigue assessment of the forearm is done to determine how the control of grip force is affected by the exposure to weightlessness.

	RESEARCH DESCRIPTION: The Hand Posture Analyzer (HPA) examined how hand and arm muscles are used differently during grasping and reaching tasks in weightlessness by collecting kinematic and force data on astronaut
s upper limbs (hands, wrists and forearms). Three different sets of data were collected: preflight, in-flight and postflight. The measurements involved the crew member manipulating both virtual and concrete objects, is researched to assess the approaching, reaching, and grasping mechanics of the hand and fingers without the effect of gravity. 

	PROJECT TYPE: Payload 

	OPERATIONS LOCATION: ISS Inflight 

	BRIEF RESEARCH OPERATIONS: 

· Crew utilizes ISS laptop/HPA software to perform two experiment activities: Hand/Wrist position tracking via hand Posture Acquisition Glove (PAG) and wrist Inertial Tracking System (ITS) and arm fatigue measurements via Hand Grip Dynamometer (HGD) and Pinch Force Dynamometer (PFD).

	OPERATIONAL REQUIREMENTS: The Mental Imagery of Gravity Effects on Object Motion investigation consists of bouncing an imaginary tennis ball off of the ceiling (overhead racks) in the Lab module and catching the ball. The initial position for holding the ball is with the arm straight down by the crewmembers side. To toss the ball, bend the arm approximately 90 degrees and release the ball. Imagine the speed with which the ball travels as it moves up to the ceiling of the module then returns to your hand. At the point in time that you think the ball would return to your hand, "catch" the ball and hold that position until the software prompts you to prepare for the next toss. 

	OPERATIONAL PROTOCOLS: HPA operations consist of the hardware setup, performance of the four protocols, and the disassembly of the hardware. 

	APPLICATIONS IN SPACE: This investigation provides information on performance modification of the muscular system during long stays in microgravity, and the characterization of motion strategies and postural behavior of the human body in weightlessness. Results may lead to the optimization of constructive criteria in the design of orbital modules, devices, and tools for use in space. 

	APPLICATIONS ON EARTH: This investigation provides information on performance modification of the muscular system during long stays in microgravity, and the characterization of motion strategies and postural behavior of the human body in weightlessness. Results may lead to the optimization of constructive criteria in the design of orbital modules, devices, and tools for use in space. 

	PREVIOUS MISSIONS: CHIRO experiment in April 2002 during the taxi flight Soyuz TM34. Also performed during Increments 7 and 8. 

	RESULTS: The HPA was launched to ISS on 12 Progress in August 2003. It was performed during Expeditions 7 and 8 on ISS; data from six HPA sessions were collected during Expedition 7 from one crewmember; two preflight collections, two in-flight collections, and two postflight collections. At the end of Expedition 10, European Space Agency (ESA) astronaut Roberto Vittori performed in-flight data collection with the HPA hardware. These data are being combined with data from the preliminary version of the same hardware (CHIRO) that was used on board ISS during an earlier 
Marco Polo
 mission with astronaut Roberto Vittori in 2002. Together, these experiments assessed the short- and long-term effects of weightlessness on upper limb performance. (Evans et al. 2009) 


	INVESTIGATION: MDS 

	TITLE: Mice Drawer System 

	PAO SUMMARY: Mice Drawer System (MDS) is an Italian Space Agency investigation that will use a validated mouse model to investigate the genetic mechanisms underlying bone mass loss in microgravity. Research conducted with the MDS is an analog to the human research program, which has the objective to extend the human presence safely beyond low Earth orbit. 

	RESEARCHSUMMARY: 

· The Mice Drawer System (MDS) is an Italian Space Agency (ASI) facility which is able to support mice onboard the International Space Station during long-duration exploration missions (from 100 to 150-days) by providing living space, food, water, ventilation and lighting.

· Mice can be accommodated either individually (maximum 6) or in groups (4 pairs). MDS is integrated in the Space Shuttle middeck during transportation (ascent and descent) to the ISS and in an EXPRESS Rack in Destiny, US Laboratory during experiment execution.

· Osteoporosis is a debilitating disease that afflicts millions of people worldwide. One of the physiological changes experienced by astronauts during space flight is the accelerated loss of bone mass due to the lack of gravitational loading on the skeleton. This bone loss experienced by astronauts is similar to osteoporosis in the elderly population.

· MDS will help investigate the effects of unloading on transgenic (foreign gene that has been inserted into its genome to exhibit a particular trait) mice with the Osteoblast Stimulating Factor-1, (OSF-1), a growth and differentiation factor, and to study the genetic mechanisms underlying the bone mass pathophysiology. MDS will test the hypothesis that mice with an increased bone density are likely to be more protected from osteoporosis, when the increased bone mass is a direct effect of a gene involved in skeletogenesis (skeleton formation).

	RESEARCHDESCRIPTION: Osteoporosis is a debilitating disease that afflicts millions worldwide. One of the physiological changes experienced by astronauts during space flight is the accelerated loss of bone mass due to the lack of gravitational loading on the skeleton, a loss that is similar to osteoporosis in the elderly population on Earth.

Osteoblast Stimulating Factor-1 (OSF-1), also known as pleiotrophin (PTN) or Heparin-Binding Growth-Associated Molecule (HB-GAM) belongs to a family of secreted heparin binding proteins..OSF-1 is an extracellular matrix-associated growth and differentiation factor that is normally expressed in cartilage; it can stimulate the proliferation and differentiation of human osteoprogenitor cells (cell that differentiate into an osteoblast) in vitro.

The Mice Drawer System will study the effects of microgravity on transgenic mouse bones in order to identify genetic mechanisms playing a role in the reduction of the bone mass observed in humans and animals as a consequence of long-duration (greater than 100 days) microgravity exposure. Onboard the ISS, MDS is relatively self-sufficient; a crewmember will check the health status of the rodents on a daily basis, by assessing them through the viewing window. Water levels will be assessed by the crew daily and refilled as needed. Replacement of the food bars and replacement of the waste filters will be conducted inflight by crewmembers every 20-days.

Following return to Earth tissue and molecular analysis have been performed by several investigator teams.

	PROJECT TYPE: Payload 

	OPERATIONS LOCATION: ISS Inflight 

	BRIEF RESEARCH OPERATIONS: 

· Operations consist of daily status checks by the crew to assess the health and status of the rodents.

· During daily status checks water levels will be checked and filled as needed.

· Every 20-days the food bar and waste filters for each mice chamber will be replaced.

	OPERATIONAL REQUIREMENTS: For the MDS investigation three groups of mice will be utilized. One group of mice will be sent to the ISS housed in an MDS enclosure. Two control groups of mice will remain on Earth in Genoa, Italy, one in a MDS enclosure the other in standard rodent housing.

Onboard the ISS, MDS is relatively self-sufficient; a crewmember will check the health status of the rodents on a daily basis, by assessing them through the viewing window. Water levels will be assessed by the crew daily and refilled as needed. Replacement of the food bars and replacement of the waste filters will be conducted inflight by crewmembers every 20-days or as needed. After landing, the MDS will be returned to the investigator for extensive analysis. 

	OPERATIONAL PROTOCOLS: Once the rodents are in space, a crewmember will check the health status of the rodents on a daily basis, by assessing them through the viewing window on each MDS. Water levels on the water boxes will be assessed by the crew daily and refilled as needed. Replacement of the food bars and replacement of the waste filters will be conducted inflight by crewmembers every 20-days. 

	APPLICATIONS IN SPACE: Astronauts suffer from a significant loss of bone mass during space flight, the ISS Medical Project office has developed some countermeasures to hinder the rapid loss of bone mass. Despite these countermeasures bone mass loss continues to be a problem for astronauts. Finding additional countermeasures will increase the overall health of astronauts on long duration missions. 

	APPLICATIONS ON EARTH: Microgravity is considered by the scientific community as a accelerated model for studying terrestrial osteoporosis. Results obtained in this space experiment will facilitate the understanding of genetic elements that protect people from osteoporosis. The targeted users are astronauts after a long-term space mission, elderly people (especially post-menopausal women), and patients after long-time immobilization. 

	PREVIOUS MISSIONS: MDS has flown on 2009 to ISS for a 91-day mission. 


APPENDICE 2 – Piano di lanci veicoli ISS e rotazione dell’equipaggio
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APPENDICE 3 – Principali documenti di requisito
Safety Requirements Documents

a. NSTS 1700.7B, “Safety Policy and Requirements for Payloads using the Space Transportation System”

b. NSTS 1700.7B, ISS Addendum,  “Safety Policy and Requirements for Payloads Using the International Space Station”

c. NSTS/ISS 13830, “Payload Safety Review and Data Submittal Requirements for Payloads Using the ISS”

d. NSTS/ISS 18798, “Interpretations of NSTS/ISS Payload Safety Requirements”

e. KHB 1700.7, “Space Shuttle Ground Safety Handbook”

f. SSP 52005, “Payload Flight Equipment Requirements and Guidelines for Safety-Critical Structures”

g. SSP 57025, “ISS Payload Interface System Fault Tolerance Document”

Standard Requirements Documents (lista parziale)
h. SSP 52000-PDS,  “Payload Data Sets Blank Book”

i. SSP 52054,  “ISS Program Payloads Certification of Flight Readiness Implementation Plan, Generic”

j. SSP 57000,  “Pressurized Payloads Interface Requirements Document”

k. SSP 57003,  “Attached Payload Interface Requirements Document”

l. SSP 57061,  “Standard Payload Integration Agreement for Attached Payloads”

m. SSP 57072,  “Standard Payload Integration Agreement for Pressurized, Small, and ExPRESS/WORF Rack Payloads”

n. IP requirements also exist for integration into partner modules, elements, or facilities

ALLEGATO 1
· 2Pager_Page1b_Resource_Table_Template
· 2Pager_Page2_Ops_SCenario_Template

N.B. Il modello “Ops Scenario” fa riferimento agli Incrementi 33-34 esclusivamente a titolo di esempio. Le schede sono fornite in formato elettronico.
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ALLEGATO 2

· New_Investigation_Summary_Form_07Nov11.doc
N.B. Fornito in formato elettronico

ALLEGATO 3

· FinalMiniEDTemplate.doc

N.B. Fornito in formato elettronico
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