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Dealing with complex systems and SoS is not trivial, for several reasons. One of the most critical aspects of working with SoS is that traditional systems engineering and technical activities must be integrated with enterprise activities of strategic planning and investment analysis.
The purpose of this thesis is to propose and describe methods capable of supporting the stakeholders involved in the design of complex systems and SoS. In particular, the focus is on the pre-conceptual design of a new system and the challenge is to allow the stakeholders choosing the right system to be built before the system engineers have done their job to a certain detail. To accomplish this ambitious goal, the research takes into account several disciplines usually far from the technical background of a space engineer and integrates them into the process of designing a space system.
Most of the work done to solve the problems at the basis of making choices has been done in the economics and social sciences. Disciplines such as decision-making, systems dynamics, and multi- attribute utility theory have been considered and adapted for some use cases.
In the first case study, the goal is to bring to light the gaps extant between what System Architects prioritize, and the preferences of potential System Users. To this purpose the proposed method aims at incorporating lifecycle properties (-ilities) in the concept design phase, by submitting attributes of these properties for the evaluation of two stakeholder representative groups. The case study refers to the integration of environmental measurements, coming from a GNSS-based remote sensing satellite constellation, as complementary data to the traditional weather-forecasting service, resulting in a new System of Systems. The method runs through an interview-based Quality Function Deployment process and collaborative sessions of teams of stakeholders. The strength of the formulation relies on the ability to treat a quantitative measure of the gaps extant between system’s desired capabilities as perceived by architects, and real end-users’ needs. The method can be potentially tested in a concurrent design environment as a complementary tool for eliciting requirements and suggesting the areas where investments and resources should be preferably allocated. Results can be used by researchers as pieces of knowledge to be further investigated, and by practitioners in development projects.
The second case study is aimed at studying the pre-conceptual design phase of a mission of nanosatellites and ground-penetrators for Mars exploration. The goal was to use information on MEPAG prioritization to build a tradespace of design options. Tradespace then would have been offered to Decision Makers involved in the Mars Exploration Program steering committees as a mean to evaluate and explore ground-breaking alternative solutions and achieve the highest-priority science objectives. The results from the present case study show how many of the science goals identified by credible scientific groups in a wide variety of fields can be achieved leveraging heterogeneous and expendable assets. This concept shows promise for a future mission proposal that would most likely never even be considered by traditional mission managers who do not possess the tools to understand how value is being delivered, how risk can be acceptable, and opportunity can be pursued; the method and the modifications proposed in this work give mission managers the ability to weigh these options and how higher levels of satisfaction can be achieved in uncertain futures.
The research presented in this thesis can be framed as work done in the field of decision analysis. This is a field of research that encompasses approaches for facilitating the decision making process. We propose methods and techniques to support the decision makers and system designers during the pre- conceptual design of complex systems. The methods have the potential to capture those interactions between the constituents of a System of Systems that decision makers could not recognize or underestimate. The analysis of the case studies results provided useful insights about how the stakeholders perceived the capabilities with respect to the needs drawn by the end-users, and led to the identification of major gaps, suggesting decision makers where and how better investing or saving resources.
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The purpose of this thesis is to propose and describe methods capable of supporting the stakeholders involved in the design of complex systems and SoS. In particular, the focus is on the pre-conceptual design of a new system and the challenge is to allow the stakeholders choosing the right system to be built before the system engineers have done their job to a certain detail. To accomplish this ambitious goal, the research takes into account several disciplines usually far from the technical background of a space engineer and integrates them into the process of designing a space system.
Most of the work done to solve the problems at the basis of making choices has been done in the economics and social sciences. Disciplines such as decision-making, systems dynamics, and multi- attribute utility theory have been considered and adapted for some use cases.
In the first case study, the goal is to bring to light the gaps extant between what System Architects prioritize, and the preferences of potential System Users. To this purpose the proposed method aims at incorporating lifecycle properties (-ilities) in the concept design phase, by submitting attributes of these properties for the evaluation of two stakeholder representative groups. The case study refers to the integration of environmental measurements, coming from a GNSS-based remote sensing satellite constellation, as complementary data to the traditional weather-forecasting service, resulting in a new System of Systems. The method runs through an interview-based Quality Function Deployment process and collaborative sessions of teams of stakeholders. The strength of the formulation relies on the ability to treat a quantitative measure of the gaps extant between system’s desired capabilities as perceived by architects, and real end-users’ needs. The method can be potentially tested in a concurrent design environment as a complementary tool for eliciting requirements and suggesting the areas where investments and resources should be preferably allocated. Results can be used by researchers as pieces of knowledge to be further investigated, and by practitioners in development projects.
The second case study is aimed at studying the pre-conceptual design phase of a mission of nanosatellites and ground-penetrators for Mars exploration. The goal was to use information on MEPAG prioritization to build a tradespace of design options. Tradespace then would have been offered to Decision Makers involved in the Mars Exploration Program steering committees as a mean to evaluate and explore ground-breaking alternative solutions and achieve the highest-priority science objectives. The results from the present case study show how many of the science goals identified by credible scientific groups in a wide variety of fields can be achieved leveraging heterogeneous and expendable assets. This concept shows promise for a future mission proposal that would most likely never even be considered by traditional mission managers who do not possess the tools to understand how value is being delivered, how risk can be acceptable, and opportunity can be pursued; the method and the modifications proposed in this work give mission managers the ability to weigh these options and how higher levels of satisfaction can be achieved in uncertain futures.
The research presented in this thesis can be framed as work done in the field of decision analysis. This is a field of research that encompasses approaches for facilitating the decision making process. We propose methods and techniques to support the decision makers and system designers during the pre- conceptual design of complex systems. The methods have the potential to capture those interactions between the constituents of a System of Systems that decision makers could not recognize or underestimate. The analysis of the case studies results provided useful insights about how the stakeholders perceived the capabilities with respect to the needs drawn by the end-users, and led to the identification of major gaps, suggesting decision makers where and how better investing or saving resources.
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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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