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. To respond to this environmental alert the Dassault Systèmes Foundation launched a call for projects to UniLaSalle students to help protecting the oceans and reduce the anthropic impact. Using the Design Thinking method, the students developed solutions that links the working methods of designers and engineers. This method is a perfectly adapted approach to answer this type of problem because designers work for human beings, while engineers work for the nature. It was use in order to well understand the perimeter of the project. Its exercises allow you to ask questions about the general appearance of a project while keeping in mind how humans and/or the environment can impact it or be impacted.

Introduction

The Dassault Systèmes Foundation had invited UniLaSalle students to participate to a call for projects. Their goal was to bring together Design and Engineering in order to mix, within the framework of science, different ways of thinking. To do that, the Foundation asked students to create a scientific project with the aim of protecting the oceans and offered them a training in Design Thinking to organize their ideas in a new way.

Climate change, which currently affects 45% of threatened marine species, is not the only stressor threatening the marine environment. It is the fifth most important factor after overfishing, transport, urban development and pollution [START_REF] Wait | Unchecked global emissions on track to initiate mass extinction of marine life[END_REF]. Therefore, it is imperative to start to focus on the preservation of the ecosystem.

During this project, Design Thinking allowed the team to highlight the importance of public awareness and the progress of research. In order to deal with this problem, the student chose to develop a project based on the creation of artificial reefs connected to sensors in order to follow the progress of the environment in which they are located. The goal was to create a database that could be used to create animations in museums or to support researchers working on specific marine environments. Step by step, the main idea switch from the development of artificial coral reefs to intelligent 'reefed' mooring posts. This change expanded the study area to regions of high anthropogenic stress and promoted the presence of fauna and flora in ports [START_REF] Luff | A simple mooring modification reduces impacts on seagrass meadows[END_REF]. On this file, it will be explained the processes of design thinking, modulization and simulation that permitted this reconversion.

Methodology

The Design Thinking process « Most people mistakenly think that design is about appearance (…) That's not how we define design. (…) Design is how it works» -Steve Jobs in 2003

This approach, based on people, was oriented towards innovation in order to create innovative services or products. The particularity of this approach is the modification of the working method [START_REF] Usabilis | Design Thinking Définition[END_REF] by asking the right questions at the beginning of the project in order to guide its development into the right direction.

During the creation phase of the project, three workshops had been set up by the Design Studio in order to guide UniLaSalle students through the learning and use of Design Thinking. This approach made it possible to co-create projects and to determine future problems and needs by following a precise thought process (Figure 1). In this context, the supervisor prepared exercises on a remote collaboration space called Miro. This tool consists of a whiteboard that allows you to work and share your ideas with images, post-its, mind maps, tables, text boxes, and other tools.

Design Thinking exercises allow to questions about the general aspect of a project while keeping in mind how humans and/or the environment can impact it or be impacted. These are lighthearted questions that specify each parameter of the project, thus allowing the team to grasp most of the difficulties it will encounter in the future (Figure 2). They follow a pattern that always involves: actors, priorities, problems and proposed solutions.

To complete these exercises, the engineering students answered the questions using post-its. This method allowed everyone to express themselves and to understand the opinions of others in order to discuss the problems of the project.

Following this step, each group made a pitch explaining their project. Three meetings were held in order to answer new questions:

-What is the problem? Context, understanding of human problems, environmental impact, opportunities and trade-offs? -What solution is proposed? To do what? At what cost? What is needed to implement it? What will be tested to verify its relevance? These pitches were used to distinguish which project would be about to be developed for an internship. The chosen subject had been the one that is presented on this paper: the "intelligent artificial reef". Therefore, the 4 members that imagined this solution constituted a team of students coming from different specialities (biology, environment, mechanics and geology) in order to develop it.

In order to create a group spirit and to communicate everyone's ideas, the new team had a formation of Design Thinking with the Design Studio supervisor. This period allowed students to bond during the important choices of the project by taking votes. Each student had post-its that they could place on whatever their choice was. The 3 choices with the most votes were then put aside to make a second round. The main objective was to make everyone agree with the development of the project by letting them discuss and debate (Figure 3).

This period also gave the students personal goals and a problem to solve. From this stage on, the students worked semiautonomously as a small research office would. The Design Studio accompanied the group conducting weekly meetings on Friday mornings, for 30 minutes to 1 hour, to monitor the project and advise its members. These meetings began early and ended on the day of the Fondation Dassault Systèmes visit, at the end of the internship. The framing of these meetings allowed the team to refocus in this research in order to avoid misdirection and not waste time. Moreover, these project reviews allowed students to use Design Thinking by reflex, they no longer need to consult each other before a meeting because everyone follows the role of the others and knows where the project is at.

Digital designs and simulations

The Ocean ReGen team worked on the creation of an artificial reef and "reefed" mooring post, both composed of sensors to monitor the physico-chemical and biological criteria of the marine environment (sound, image, turbidity, temperature, pollution and population tracking). The sensors that make up the electrical system of both solutions could be modified according to the user's needs by slightly modifying the proposed system.

To carry out this project, the students used Dassault Systèmes solutions such as the 3DEXPERIENCE platform. This platform is a collaborative environment that allows the creation of innovative products using virtual experiences. It also provides a real-time view of project activity through its 3DDashboards (Figure 4), which connect people, ideas and data.

This collaborative environment also allows the use of some Dassault Systèmes software, including Catia, Creative Experience and Drafting. The most important is the Catia software. It allowed students to model their reefs and moorings spots in 3D. These models were then used in the Drafting application to create constructions plans for each shape and then in Creative Experience to make virtual enhancement videos. In addition, these models were imported into XFlow, a fluid simulation software, also produced by Dassault Systèmes, but not included into the 3DEXPERIENCE platform.

In order to optimize to the maximum their creation, numerous 3D models had been produced.

XFlow permitted to choose the most appropriate shape for the team's needs by following some criteria... In order to attract as many species and entities as possible, reefs and moorings must had a complex shape [START_REF] Charbonnel | Effet de la complexification de l'architecture des récifs artificiels du Parc National de Port-Cros (Méditerranée, France) sur les peuplements ichtylogiques | Parc national de Port-Cros et Porquerolles[END_REF] and had to own shadow zones, turbidity, an upward current and a dead zone (where the current is weak or non-existent) within or behind the structure. Ocean ReGen students contacted 6 scientists working in the domain of artificial reefs in order to have opinions on their achievements and to have new proposals. A total of 15 hours of exchanges were realized with those scientists including 6 hours spent with Atlantique Landes Récifs (ALR). Following those exchanges, ALR became a partner that proposed to prototype the mechanical part. Those realized with the MIO (Mediterranean Institute of Oceanography), GIS Posidonie, Ifremer and Xtree allowed to review the priorities and the organization of the project. Those meetings helped the students to choose the ideal location, the shape and the materials of the reef.

Analysis

Project development through collaboration between Design & Engineering

The confrontation between Design & Engineering allowed the emergence of many ideas. The initial concept developed by the selected team proposed the implementation of an intelligent artificial coral reef. However, following the collective reflexion activities orchestrated by the Design Studio, the training of the different Dassault Systèmes tools and the exchanges with professionals such as Ifremer, ALR, the MIO... the project underwent many changes.

A final visit to the Fondation Dassault Systèmes permitted the Ocean ReGen project team to propose two different scenarios for the implementation of reefs. First of all, the aspect of artificial coral reefs had disappeared. Indeed, the project had split into two parts, one of which allows the implementation of an intelligent artificial reef and the other one of a reefed mooring post, also intelligent. An artificial reef would be a structure that would be voluntarily immersed in water to help the biomass to develop. A traditional mooring post is a massive concrete platform that is immersed. This structure, connected to a chain and a buoy, allows the anchoring of boats in order to avoid the ravages caused by anchors on the sea floor. The difference with the reefed mooring post would come from the shape of the structure. Unlike a massive block, the goal is to complexify its shape to create a mini reef while keeping the basic utility of a traditional mooring post. This idea came from exchanges with researchers who worked on the Port-Cros reefs immersed in 1985.

Their feedback and advices guided the choices made by the group of students regarding the shape of their structures and their location.

On the other hand, the weekly design meetings also helped to guide the choice of sensors for the intelligent system while linking them to the human. To do this, the student had to answer why and to whom? In others terms: Why use these sensors and for whom would they be useful? The chosen ones are hydrophones, cameras, a tracking system, turbidity, temperature and pollution sensors. (Table 1)

In order to illustrate the process a little better... After a meeting with Atlantique Landes Récifs, the association expressed a need for cameras in order to obtain information on the environment around the area where their reefs are located. The usefulness would allow to know the level of transparency of the water thanks to the recordings video in order to be able to organize their diving missions. Public awareness was one of the main missions of the Ocean ReGen team. For this purpose, the data from the tracking systems, the sounds recorded by the hydrophones as well as the images from the cameras could be transmitted and used by museums or schools. The same is true for the data collected by the temperature and pollution sensors. Moreover, those sensors would also help the scientific progress and the development of nature.

Table 1: Table of sensors use

Human being knows little about marine sounds. It would have the possibility to increase the amount of data concerning the degradation of the biomass and the impact of the implantation of the structures that the ReGen Project team proposed.

The Design Studio's methods were reused many times by the team members. When it came to gathering everyone's ideas, Miro was the main tool used to create, deliberate and choose the best idea. This was helpful when it came to choosing the shape of the logo, the slogan phrase and the project name. The same was true for the choice of the reef shapes and mooring post. Dozens of 3D models were made and only 3 were chosen.

Students' feedback on the collaboration between Design & Engineering

This experience was filled with questioning, misdirection and success. The Design Thinking process allowed the group of students to see and revisit their ideas, project progress, and goals many times. Originally, the students aimed to incorporate salinity and oxygen sensors into the system in addition to temperature and turbidity... However, after a meeting with the deputy director of the MIO (Mediterranean Institute of Oceanology), instead he advised them to implement hydrophones. This technology is not very developed nowadays and marine sounds are still not well known in the scientific world. The same is true for cameras. After discussions with ALR, the usefulness of incorporating them into the system would be beneficial to them. Consequently, after having worked for several weeks on the installation of the wrong sensor device, the mechanical pole had to radically reorient its research.

The team of 9 students managed to be quick in their decision making allowing the project to develop quickly. This was possible thanks to their motivation, the advice of external professionals and the Design Thinking methods taught by the Design Studio at the beginning of their internship. The team became more cohesive and was able to focus on the task at hand.

Design Thinking allows different domains to mix and move forward together. Indeed, this method allows to build a project link by link, by considering future problems. This way of thinking is the very source of research. Generally, the students particularly appreciated the use of Design Thinking and planed of using it for their future research projects.

Conclusion and perspectives

Finally, the use of Design Thinking helped to direct and organize the project. The collaboration with the designers allowed the engineering students to learn a new approach to project management and the objectives of innovation. Thanks to it, the students were able to propose two scenarios that meet the needs of the environment and humans. Their work on the reefs already allow the 3D printing of the chosen shape thanks to the different construction plans made. As for the electrical system, it still needs improvements to be immersed and functional.

In order to finalize the project, UniLaSalle was considering organizing a new summer internship. This internship would focus on the development of the electronic part and would aim to realize a prototype of the reef and its intelligent system. The current team continues the exchanges with the various contacted organizations... The exchanges with ALR aimed to confirm their collaboration with the GeoLab. If this were to happen, ALR would help ReGen members with the prototyping of the electrical part and would implement it on it reefs in the Atlantic. The students were also keeping in touch with Xtree, in hopes of getting them to print the modeled reefs.
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 12 Figure1: Three steps to simplify the process[START_REF] Usabilis | Design Thinking Définition[END_REF] 
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 4 Figure 4: Example of a 3D Dashboard presenting the 3D models of the reefs made
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