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1. Introduction and problem description
Nowadays, the evolution of space industry to the Space 4.0 era, push the design process towards a multi-stakeholder environment. This entail that new space mission designs must be flexible and adaptable to external interactions, such as economic, political and technical environments. These increased interconnections among stakeholders, increase the complexity of the design process, especially in early phases of the mission lifecycle. Indeed, the main goal of the system lifecycle is to guarantee the balance and satisfaction of involved stakeholder’s needs. Unfortunately, it is during these early phases that, not only the knowledge about the mission but also the effects on decisions outcomes often are unknown. Moreover, all the decisions taken in these stages are characterized by having delayed lock-in costs associated with them. Finding mutual agreement solutions could reduce the iterations involved in the design process, therefore reducing its costs while increasing its effectiveness. When facing a group decision making, several issues must be considered[1]. Techniques are currently adopted to obtain collaboration among multiple stakeholders, such as team meetings, notices, or information exchange. Nonetheless the proven effectiveness of the collaboration techniques, engineers still spends about 10% of their time in negotiation and it represents one of the most frustrating phases of the design process.
In this current development scenario, before beginning a concurrent design session, it is necessary to have a clear definition of the problem under analysis. This can be obtained thanks to a generation and exploration of design alternatives yet in the initial problem definition. This process must consider that design usually involves various individuals, who take decisions affecting one another. An effective coordination among these decision-makers is critical. 
1.1. The proposed new design methodology and Concurrent Design tools enhancement 
The paper presents a concurrent design methodology which aims to speed up the evolution of concept maturity from level 1 (born of the idea) to level 7 (integrated preliminary baseline) [2]. This goal can be achieved by an ad-hoc assistance to design experts and, more in general, stakeholders with a generation and exploration of a negotiation space. The negotiated solutions are generated via a multidisciplinary collaborative optimization framework, applying complete or partial information Stackelberg game theory and multi-attribute utility theory, while exploiting artificial intelligence algorithms. The concept of utility function is exploited as mechanism to bridge the language barrier between experts with different backgrounds and differing needs, while use both technical background and subjective needs to generate and to evaluate a multitude of alternatives. Thanks to this guided exploration, the follow-up concurrent design session can begin with a set of negotiated sub-optimal designs. Domain experts are thus able to locally optimize their own domain design starting from a reference point. Therefore, to actively involve domain experts in the loop, the paper presents a graphical user interface which exploits artificial intelligence and local design of experiment to assist the domain experts in their design process, starting from the previous identified sub-optimal one. 
To highlight the benefits of the proposed methodology, the paper presents the design of a CubeSat mission for the observation of Lunar radiation environment. At last, robustness analysis, via Epoch-Era method, has been also carried out to assess the value changeability of each negotiated design solution, with respect to changes in the stakeholder preferences. The benefits provided by the proposed design methodology are highlighted, and further development and improvements proposed.
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