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The paper describes the Hardware-In-the-Loop (HIL) simulation methodology used in the development of the e-st@r cubesat, which is one of the cubesats chosen by the ESA Education Office for the Vega Maiden Flight. The e-st@r program is carried out by students and researchers of the Department of Mechanical and Aerospace Engineering at the Politecnico di Torino, and the cubesat has been successfully launched into orbit in February 2012.
The HIL methodology has been applied to the space segment composed by a payload (an Active Attitude Determination and Control System) and a satellite bus (an On Board Computer, an Electrical Power System and a Communication System). The simulation tests campaign objective is to investigate and evaluate the e-st@r performances during its operative life by including the main hardware of the satellite in the loop. Simple and very low cost solutions must be taken into account in order to satisfy the requirements and the constraints of the e-st@r mission. HIL simulation includes the models of 1) sensors (an Inertial Measurement Unit and a Magnetometer), 2) actuators (three magnetic torquers), 3) solar panels (five couples of GaAs TJ solar cells), 4) thermal behaviour of the satellite, 5) orbit, 6) dynamics and kinematics of the satellite.
The satellite behaviour during all mission phases, the uplink and downlink communications, and the performances (such as pointing accuracy and orbital manoeuvre capability, batteries charge/discharge time, power consumption) are the main features and high level functional requirements investigated and tested during the HIL verification campaign.
Data acquired during the tests both by the simulator PC and by the Ground Station allow to compare the hardware behaviour and the simulated response obtained from the global simulation model. The results of the verification by means of the HIL strategy are consistent with the expected values in any operative condition, thus validating the methodology. Moreover, it has been verified that testing via HIL simulations may efficiently support the design and verification of a small satellite program, reducing the time and the cost of the development phase, while at the same time increasing the effectiveness and reliability of the satellite.
The methodology tested on the e-st@r cubesat may be tailored also to other similar projects, thanks to its versatility given by its inherent modular structure.



Hardware in the loop test campaign for e-st@r cubesat / Corpino, Sabrina; Stesina, Fabrizio. - ELETTRONICO. - (2012). (Intervento presentato al  convegno Small satellites, services and systems - the 4S symposium tenutosi a Portoroz, Slovenia nel 4-8 June 2012).
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				Abstract

				The paper describes the Hardware-In-the-Loop (HIL) simulation methodology used in the development of the e-st@r cubesat, which is one of the cubesats chosen by the ESA Education Office for the Vega Maiden Flight. The e-st@r program is carried out by students and researchers of the Department of Mechanical and Aerospace Engineering at the Politecnico di Torino, and the cubesat has been successfully launched into orbit in February 2012.
The HIL methodology has been applied to the space segment composed by a payload (an Active Attitude Determination and Control System) and a satellite bus (an On Board Computer, an Electrical Power System and a Communication System). The simulation tests campaign objective is to investigate and evaluate the e-st@r performances during its operative life by including the main hardware of the satellite in the loop. Simple and very low cost solutions must be taken into account in order to satisfy the requirements and the constraints of the e-st@r mission. HIL simulation includes the models of 1) sensors (an Inertial Measurement Unit and a Magnetometer), 2) actuators (three magnetic torquers), 3) solar panels (five couples of GaAs TJ solar cells), 4) thermal behaviour of the satellite, 5) orbit, 6) dynamics and kinematics of the satellite.
The satellite behaviour during all mission phases, the uplink and downlink communications, and the performances (such as pointing accuracy and orbital manoeuvre capability, batteries charge/discharge time, power consumption) are the main features and high level functional requirements investigated and tested during the HIL verification campaign.
Data acquired during the tests both by the simulator PC and by the Ground Station allow to compare the hardware behaviour and the simulated response obtained from the global simulation model. The results of the verification by means of the HIL strategy are consistent with the expected values in any operative condition, thus validating the methodology. Moreover, it has been verified that testing via HIL simulations may efficiently support the design and verification of a small satellite program, reducing the time and the cost of the development phase, while at the same time increasing the effectiveness and reliability of the satellite.
The methodology tested on the e-st@r cubesat may be tailored also to other similar projects, thanks to its versatility given by its inherent modular structure.
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					simulazione ASN

					
				

				
					Il report seguente simula gli indicatori relativi alla propria produzione scientifica in relazione alle soglie ASN 2023-2025 del proprio SC/SSD. Si ricorda che il superamento dei valori soglia (almeno 2 su 3) è requisito necessario ma non sufficiente al conseguimento dell'abilitazione.
La simulazione si basa sui dati IRIS e sugli indicatori bibliometrici alla data indicata e non tiene conto di eventuali periodi di congedo obbligatorio, che in sede di domanda ASN danno diritto a incrementi percentuali dei valori. La simulazione può differire dall'esito di un’eventuale domanda ASN sia per errori di catalogazione e/o dati mancanti in IRIS, sia per la variabilità dei dati bibliometrici nel tempo. Si consideri che Anvur calcola i valori degli indicatori all'ultima data utile per la presentazione delle domande.

La presente simulazione è stata realizzata sulla base delle specifiche raccolte sul tavolo ER del Focus Group IRIS coordinato dall’Università di Modena e Reggio Emilia e delle regole riportate nel DM 589/2018 e allegata Tabella A. Cineca, l’Università di Modena e Reggio Emilia e il Focus Group IRIS non si assumono alcuna responsabilità in merito all’uso che il diretto interessato o terzi faranno della simulazione. Si specifica inoltre che la simulazione contiene calcoli effettuati con dati e algoritmi di pubblico dominio e deve quindi essere considerata come un mero ausilio al calcolo svolgibile manualmente o con strumenti equivalenti.
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