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Proposal Summary

Proposal full name: Self-deployable Habitat for Extreme Environments
Proposal acronym: SHEE
Strategic objectives addressed: 
The main objective of the SHEE project is the exploration of an effective integration of architecture and robotics for space applications. The goal is to develop a robotically-deployable habitat design introducing generic principles which would help in defining main themes for further development of the standards for robotics integrated into the architecture regarding safety and for the development and design of larger robotic structures. 

Self-deployable autonomous habitats are needed in particular in extreme environments without infrastructure and heavy machinery. Such habitats will mitigate construction safety risks and reduce costs.
Strategic expected achievement:
The SHEE type of habitat will provide significant background for further development and evolution of extra-terrestrial habitable structures and will provide a methodology and results that can be translated into more “normal” conditions and to achieving a more efficient, high-tech sector on earth.

Robotic construction integrated into architecture is currently at a very low level of technology readiness (TRL 3) and thus SHEE will address the significant gaps in this area to progress the research in the area of extra-terrestrial habitats and provide a feasible solution for near term human space exploration. This project will contribute to the normative research and identification of design principles to provide input for standardization in this area.

The final product will take the form of an example of a functional habitat for further testing and development. The concept is developed with a vision to correspond with an analogue testing habitat. The results of the SHEE project will be applicable in both space and terrestrial conditions, such as in extreme environments on earth or during disaster mitigation. This project will also draw attention to possibilities of using space technologies and space design methods in terrestrial domains and in the development of environmentally-friendly architectures.
Aims: 
The overall goal of the SHEE project is to address three key technology developments for planetary exploration:

· Develop a hybrid structure system for a self-deployable, autonomous habitat

· Innovative way of habitat design integrating robotics into architecture

· Integration of ECLSS systems and infrastructure into the functional prototype

The technologies will be tested by building a high-fidelity testbed and a high-fidelity computer model. An additional aim in the area of scientific development is to

· Provide a design and technology integration methodology and results in the form of an autonomous self-deployable habitat testbed that can be used for planetary exploration and for terrestrial applications

Starting point of investigation: 
To integrate human labour into construction on the lunar or Martian surface is very risky, complex and costly. To mitigate drawbacks of human construction activity it is an imperative to apply autonomous construction methods. SHEE is envisioned to be a hybrid structure system composed of inflatable, rigid and robotic components. A hybrid system was chosen based on a preliminary analysis of deployment systems for complex autonomous habitable structures that could be adapted to or adopted for various functions. The SHEE design will be started with a radial form of habitat structure composed of planar geometrical elements which are interconnected by robotic actuators. These actuators enable the turning of elements and thus enabling the folding of a large structure into a relatively small volume (e.g., inside a payload shroud). This hybrid structure habitat (SHEE) will be thus capable of self-construction independent of any human assistance as a precursor of large human planetary missions.
B.1 Scientific and technical quality, topics relevant to call 

B.1.1 Concept and Objectives

B.1.1.1 Motivation for the SHEE project

Future planetary human exploration calls for habitats which are constructed in efficient and safe ways to provide a secure base for humans to venture on EVAs and conduct scientific research on planetary surfaces. The current paradigms of NASA’s TransHab or NASA’s Habitat Demonstration Unit (HDU), Bigelow’s inflatable prototype for a space hotel are directed towards self-deployable habitats. The difficulty with these paradigms is the mounting of external hardware such as antennae or integrating the technical infrastructure inside the habitat.

SHEE offers a solution in combining the advantages of a robotic exoskeleton (self-deployment at remote places) rigid structures (easy mounting of hardware), and an inflatable pressurized interior skin for hermetically sealing the habitable environment. The robotic architecture or architectural robotic concept of SHEE offers new possibilities in architecture and space exploration providing not just a technology but an integrated system of guidelines for a space habitat design for celestial bodies with fractional gravity conditions (moon, Mars), 1-g (earth), and offers new principles for microgravity structures deployment, too.
The SHEE project addresses the fairly unexplored area of rapidly deployable habitat structures using robotics and integrating the main subsystems within the structural components. The SHEE project presents one solution for a feasible, safe and spatially effective habitat architecture and thus supports a safer human exploration of the near earth celestial bodies and extreme environments on earth.
A lunar or Martian base will be deployed in the future, maybe in 25 years from now. To find the right solution for habitat systems, investigation and exploration into the optimum structure needs to be started now. Typically, testing and training need to be started eight years before the launch of a human-rated system. The remaining 17 years of the 25 will be needed to develop the technologies required for such a secure base on extra-terrestrial planetary surfaces.  Most of the technologies are at low TRL levels. In order to reach a mature status, a crucial number of functional prototypes and sufficient number of diverse and feasible concepts need to be developed.
The principles of integrated architecture design were partially explored in the past, e.g., in Scott Howe’s TRIGON concept, but were never investigated in depth. The consortium identified the SHEE concept as fully applicable to terrestrial conditions thus providing results not only for the space sector and human spaceflight but also for areas related to research in Antarctica, in the desert, in post-disaster management or any other scenario where a rapidly self-autonomous habit is need in surface terrestrial environments.
The SHEE project is thus, in a very rational way, interconnecting human needs for space exploration and human needs for occupying hostile places or places without technical infrastructure on earth. The SHEE project interconnects provisions for space research, habitation safety, habitation emergency and innovations in design, autonomy, robotics and architecture.
B.1.1.2 Concept for SHEE

The SHEE concept follows a new paradigm applying the combination of robotics, rigid structures and inflatable structures that, as an integrated system, has not been previously explored sufficiently and for which no functional prototype has yet been built.
In the field of modules or habitats with fully-integrated robotics there has been limited research to date and there is currently no rapidly-deployable habitat system that could be stowed in a small volume of a rocket shroud, effectively deployed on a given surface and provide at least a partial autonomous system for its inhabitants. Current trends tend to provide only rigid or inflatable structures.

Experimental steps following one direction have been done to date using one type of inflatable design. Additionally, past and current concepts often refer to ultra-light structures but often with a need for specialized heavy equipment or human operations for its deployment. The optimal solution for habitat and living on another celestial body is actually still being explored with only partial success, while not many functional prototypes are being designed and tested worldwide.
The requirements for a pressurized volume lead to the need for a strong and rigid structure to withstand the pressure difference between the internal habitable pressure and the extremely low ambient atmospheric pressure and withstand the micrometeorite impacts and radiation. The simplest solution, but the least effective habitat system regarding the ratio of habitable volume and mass, is to use a rigid cylindrical volume. The inflatable structure is more convenient with regards to its low mass and provision of large habitable volume. Additionally, there are major difficulties for integrating subsystem structures—attaching and fixing it to the sensitive inflatable layers. 
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Figure B.1‑1: SHEE preliminary concept idea
[green – folded habitat, blue - deployed]

As shown in Figure B1-1 the SHEE habitat will benefit of deployable lower mass systems and the deployed exoskeleton will provide a platform for mounting subsystems and shielding.

B.1.1.3 SHEE general objectives

Self-deployable autonomous or partially autonomous habitats for harsh environments (for lunar, Martian and earth’s surfaces) without infrastructure are not being implemented, tested or developed. The general objective of the SHEE project is to address this gap which will lead to a better understanding of living in an environment that integrates robotics and architecture as a whole while utilizing miniaturized systems and subsystems that can be integrated into the habitat structure. The general objectives include the development of a suitable methodology which can be applied for self-deployable habitat concepts with hybrid structures for multiple environments. 
The SHEE project will not only provide new expertise for science and technology but also public awareness and outreach for the field of space habitat structures and its importance not only for the space sector advancement but, most importantly, also for humanity and knowledge advancement.
To be able to test the methodologies and technologies a full-scale, self-deployable habitat technology testbed and a high-fidelity computer model will be developed which will give proof to the concept. SHEE will be representative of an actual habitat which could be launched and landed on the lunar surface in the near future. The need for testing and validating functionality of a completely unique habitat architecture on a 1:1 scale testbed is thus apparent. The high fidelity of the testbed is provided to examine the human-machine interaction and improve the research results. The SHEE testbed will be a platform which will provide a knowledge base for development of an advanced lunar base. It is thus important to develop the SHEE testbed as high-fidelity hardware which can serve as a demonstrator of different technologies and most importantly their innovative integration in a single entity. A lifetime and travel schedule for the SHEE testbed will be developed for future use to perform numerous tests worldwide in a number of research centres and the feedbacks from its use will be collected for lunar base scenario and for terrestrial applications.

B.1.1.4 SHEE detailed objectives

The normative research performed will identify important aspects of robotics and subsystem integration into a habitat structure. While the ways of integration will be explored and identified, safety issues regarding habitation, performance, monitoring and modification of the structure will be of high priority. A safety operations protocol for complex robotics-architecture will be proposed and verified during testbed operations.

Seven main objectives have been identified regarding the following issues:

1) Structure: minimizing volume-mass ratio for ease of transport

2) Deployment technique: the system used must be simple, effective and must not cause structural integrity issues while using robotic actuators as a structural joint. Deployment must be fully-autonomous or remotely- controlled. The robotic system will be designed to fail-safe principles. It will have refolding capability.
3) Intelligent network of sensors: robotic actuators function as an intelligent network of sensors (building sensor networks) capable of monitoring the external environment and modifying structure shape if needed

4) Integration of technical infrastructure: full subsystem integration (ECLSS, power system, thermal conditioning) into rigid components of the structure as well as into deployable components of the structure; system autonomy or partial autonomous capability.

5) Transport: stowing possibilities with emphasis on the current European launchers capabilities (e.g., Ariane, Soyuz, Faclon Heavy, future concept for ARES)

6) Design of interior furnishing (e.g. living compartment, research laboratory, greenhouse)

7) Methodology: an adequate and new methodology will be developed for this new paradigm of self-deployable habitat design, deployment principles, operations and other aspects of hybrid structures identified during the design process. Further standardization is expected in follow-up projects.

B.1.1.5 SHEE project trade-offs

The design of a robotically self-deployable autonomous habitat poses a number of challenges. The design options will explore various configurations regarding the shape and geometry of the habitat, the options for efficient and optimal deployment, the level of closure of the ECLSS loop, level of autonomy (also regarding power systems) and fidelity. It is expected that a number of trade-offs will have to be done during the design and optimisation phase and an optimal system will be chosen for fabrication regarding terrestrial condition.
The design options will be developed towards the creation of a fully-autonomous and closed-loop habitat for a certain period of time with current technologies. 
The trade-offs regarding the space habitat in virtual conditions will be performed by computer simulation— testing the habitat in extreme environments on the moon and on Mars (structure, thermal conductivity).
There are a number of trade-offs regarding the physical high-fidelity habitat testbed. A comprehensive description of the systems and their integration is required to perform a trade-off selection. The optimum design solution for space exploration will differ from the optimum solution for fabrication of high-fidelity testbed.

Criteria for the trade-off could include the following items: 

· Composition of the geometry of the habitat (Options could include: triangular planar elements, hexagonal planar elements, hybrid system of geometries of planar elements)

· On-ground deployment (Options could include: radial deployment, vertical deployment, horizontal deployment)

· Level of closure (Options could include: closed-loop ECLSS, time-dependent closed-loop ECLSS, partially- closed ECLSS)

· Level of autonomy (Options could include: completely autonomous, time-dependent autonomy, partially autonomous)

· Level of fidelity (Options could include: high-fidelity, time-dependent high-fidelity, low-fidelity)

· Integration of technical infrastructure (Options could include: full integration in a hybrid structure, partial  integration in a rigid structure, partial  integration in an inflatable structure)

· Interior furnishing (Options could include: living quarter, scientific laboratory (e.g. astrobiology, medical, greenhouse)

B.1.1.5.1 Mission definition and preliminary concept scenario

The baseline mission will be focused on demonstration of deployment and operations of the habitat without human presence. The habitat will perform the sequence either fully-autonomously or will be remotely-controlled. The requirements for the habitat will be, among others, that it can be accommodated into existing launchers and launcher concepts suitable for bringing an appropriate payload to the moon and Mars. The habitat dimensions for the stowed configuration will be constrained by the available volume of the launcher payload shroud and the requirements regarding mass and vibration. After successful deployment, the activation of all systems and the initiation of the habitat subsystems operation will be started. Other important aspects of the mission are the specific needs for the landing location, hardware equipment, and the function of the habitat. The first two aspects will not be addressed since they are out of scope of this project and depend on many other (also political) factors. The SHEE will start from three habitat functions for investigation: living module, scientific laboratory and greenhouse.
Three case studies will be developed and will address design drivers such as the habitat module life time—either short (1 month) and long (1 year) duration missions, crew size, or focus of activities.
The solution based on the results of a trade-off study, which by its nature will be a compromise satisfying the basic requirements for the habitat, will be selected and used for the engineering design that will be further optimized and prepared for fabrication of the habitat testbed. The engineering design will focus on the deployment technique and the subsystem integration with the robotically-deployable components. The optimization will focus on a mass and an energy efficient design of the habitat with regards to specific gravity and temperature conditions in which it will operate. Three optimization scenarios will be performed for terrestrial, lunar and Martian environments which will be compared and an optimum solution for demonstration purposes and fabrication will be chosen. Testing and optimization will be performed in virtual environments and a final product (high-fidelity model) of digital prototyping will be used for components fabrication for the habitat technology testbed where possible and where they do not delay the manufacturing, final assembly and testing schedule.
This habitat testbed will be designed to accommodate two people for brief periods to assess human-machine interfaces and, therefore, will be designed as an analogue habitat for extreme environments on earth. This habitat will be capable of fully autonomous or teleoperated robotic self-deployment and it will be designated for further development, operational functions, subsystem testing and public demonstration. The habitat technology testbed will provide the possibility for integrating subsystems for human survival, insulation for extreme temperatures, a partially-closed loop ECLSS and a partially-autonomous power systems.
B.1.1.6 Expected achievements

The SHEE will be a unique example of a technology testbed for a self-deployable habitat and will be a starting point of growing public interest in extra-terrestrial habitats, architecture and robotics. The fact that this type of structure can also prove very useful in terrestrial conditions, and that it may be an effective solution, for example, for research in extreme environments, post-disaster management, means that the SHEE project will have also positive impact on the further development of advanced technology habitable systems on earth. Creating a strong bond with terrestrial habitat systems and finding links between space and terrestrial applications is essential for marketing purposes, faster development and faster access to human space exploration.
Therefore, this concept will strongly positively influence the current situation in the EU human spaceflight community. The SHEE project will provide a real, high-fidelity space habitat testbed that will be able to perform fully and, in some aspects partially, all activities that a space habitat would support on other celestial bodies. This high-fidelity habitat will be a demonstrator of architecture and testbed for technology integration for future lunar or Martian bases. It will be Europe’s first high-fidelity testbed for a deployable base.
The SHEE habitat will be used for further development and optimisation of design principles and the habitat itself. SHEE is a preparation for the next stage of design that should include all necessary elements and systems for safe deployment on the lunar surface in a significantly larger scale. The SHEE project is proposed to identify and validate specific techniques of habitat deployment that would be suitable for planetary surfaces with the constraints of small volume and without human presence to minimize costs of the mission and maximize human safety.

The after-life of the SHEE habitat will be secured as a platform for development of a small lunar base and as an excellent marketing tool for space, technology and science education.
Further, this habitat testbed with its principal systems integrated within its structure using advanced technologies and materials derived from the space sector, may also cause a little revolution in architecture and civil engineering of terrestrial house designs.

B.1.1.7 Scientific and technical objectives versus technical achievements

The SHEE project is well balanced with regards to scientific and technical objectives (normative research on habitat design and case study in form of functional high-fidelity habitat) while providing innovative complex technical solution for deployable structures. The technical achievements are expected to be significant in this project. The integrated robotics and architecture systems are at the very beginning of their evolution and functional habitat for space exploration of similar type as SHEE has not yet been realized. This project is heading for a leap forward in extra-terrestrial habitable structures—space architecture—and it is expected that important technical achievements will be recorded after competition of all SHEE project stages.
B.1.1.8 Relevance to the FP7 call objectives

The SHEE project is directly addressing the call “SPA.2012.2.2-02 Key technologies for in-space activities” and specifically a point “Providing a base beyond the earth”. The consortium believes that the SHEE technical solution is the right approach for near-term space exploration and that the proposed hybrid system will significantly help to develop safe, effective and well functional extra-terrestrial habitable systems. The SHEE project is focusing also on design principles. A kit of elements will be described for essential habitable modules with particular emphasis on autonomy of systems, self-sustainability of the habitat and closeness of the system. This habitat kit will also enable scaling up or down the habitable structure according to the habitat function or needed capacity. The SHEE project is focusing on innovative integration of current and top performance systems, materials and methods into a new type of space habitat. The fact that SHEE focuses rather on revolutionary integration of technologies than on specific technology invention means that the development of the habitat system may be very effective and fast and may radically shift forward a strategic development in the domain of human spaceflight.

Table B.1‑1: Objectives of SHEE and their relevance to the work programme

	Objectives /
Elements of the proposal
	Terrestrial applications /
use of project results
	Relevance to the call SPA.2012.2.2-02

	1) To design an easily portable habitat, that has less mass and increased utilization possibilities

2) High level of autonomy of habitats

3) Habitation in extreme environments


	1)
Emergency shelters for natural catastrophes

2)
Emergency shelters for extreme environments (polar regions, deserts)

3)
Research habitats for extreme environments

4)
Floating habitats

5)
Underwater habitats

6)
Space habitat development for analogue simulation habitats

	–
Space research thus supports EU policies and contributes to addressing major societal challenges, e.g. in climate change, transport, citizens’ security, natural and man-made disasters.
–
Emergency housing management 
–
Maritime surveillance

–
Deployable surveillance habitats to monitor climate change)
–
New concepts in space transportation, and  key technologies including critical components
–
In 2012, support to R&D activities in action area 2 will rather focus on key techno-logies, which facilitate and sustain the use of space as a tool in the long term. (page 13)

	4)
To establish and evaluate design concepts for self assembling (complete) habitats (constructed of flexible or non flexible materials) as opposed to those that require outfitting
	
	

	5) 
Life support systems develop-ment, in particular, air revitalization systems
	1) Submarine applications
2) Small housing applications
3) Extreme environment habitats
	–
Support activities related to space exploration (

	6) Robotics deployment

7) Smart material actuators
	
	–
Cross-thematic approaches: e.g. materials 

	8)
International consortium from eastern and western Europe with support of a Scientific Advisory Board made up from experts from the USA, Canada and Japan
	
	–
International cooperation. Candidates for cooperation among other established or emerging space powers are the United States, Russia, Canada,  People’s Republic of China, India and the Ukraine.


B.1.2 Progress beyond the State-of-the-Art

B.1.2.1 State-of-the-art 
B.1.2.1.1 Habitat concepts and technologies

The attempts to integrate robotic mechanisms in habitats are related to the British architecture group Archigram when the living environment design was motivated by the space race, the first satellite in orbit, the first human in space and the very fast development of the Russian and American space programme. These space technology achievements in the 1960s motivated a number of inventors to think about the future of the human living environment and a number of so-called utopian concepts were born. One of the concepts visualized how robotics could be implemented into the structure of artificial “walking” cities (see Figure B.1-2) which were able to interact, interconnect and move according to the needs of their occupants.
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Figure B.1‑2: Archigram’s Walking City concept (1964)

Source Appendix A, Ref. [1]
A similar philosophy was adopted towards the end of the twentieth century by NASA scientists who introduced a number of concepts of walking or moving lunar and Martian bases. The roving bases can be excluded from our focus since they simply adopt principles of a large habitable rover but the bases with multiple legs and arms for research are examples of robotics integrated into architecture. These habitats were found particularly interesting from the viewpoint of safety and flexibility with regards to in-field research and possibilities to adopt required exterior conditions. None of these habitats had integrated robotics in their primary structures. Robotics are used in the form of robotic arms or legs with a variety of functionalities for construction where the use of drills, shovels and scrapers prevailed.

The principle and benefits of roving vehicles, walking habitats in combination with robotic arms were combined in the current robotic structures of the most recent NASA lunar mission scenario components (Athlete) and are being developed with a vision of utilization on the moon. The Athlete system (Figure B.1-3) is a multi-arm, multi-functional interface that can function as a transport system and crane but which can also use its arms for very specific tasks like drilling, scooping, scraping the surface or manipulating. This robotic multi-functional gear will be part of moving habitats and it can walk or use wheels according to terrain conditions.
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 [image: image4.jpg]



Figure B.1‑3: Athlete robotic arm platform carrying cylindrical habitat. 
Right: Athlete climbing down from a mock-up of the landing gear performs a simulation of lunar base deployment 
Left: Digital simulation of Athlete transporting habitat on lunar surface 
Sources: Appendix A, Refs [2], [3]
However, none of these systems consider utilization of robotics in the primary structure of building, to the benefit of movable components of the habitat as structurally integrated robotics during the habitat lifetime. The SHEE project is striving for significant advancement in this area; the structure of this habitat would have, for the first time, fully-integrated subsystems and robotic actuators which would enable not only effective deployment and folding but also modification of the structure during its life time and monitoring and adjustments to the external and internal environments. While the robotic components will also enable rapid deployment and folding of the habitat, the portability of the habitat will not be dependent on the robotic components as the examples shown in Figure B.1-3.
Included among innovative deployable (expandable) systems developed for space missions are the TransHab inflatable concept which is currently being tested and further developed by Bigelow Aerospace (Figure B.1-4). This structure can multiply its volume after deployment thanks to its flexible primary structure designed to endure radiation and micrometeorite impact. Nevertheless this sort of inflatable structure has one drawback with regards to the possibility of mounting hardware on this structure. Flexibility and structural modification during its lifetime is also not possible in such an inflatable system.

[image: image5.jpg]



Figure B.1‑4: Bigelow Expandable space habitat
Source: Appendix A, Ref.[4]
The application of robotic technologies in terrestrial architecture has begun very slowly but the first attempts in fully-integrated systems in interactive walls that could be part of habitat can be seen. One of them is called Hyposurface™ by MIT Professor Marc Goulthorpe, a surface that modifies its shape according to interaction with moving objects (Figure B.1-5). Another experimental robotic wall was designed by the German company Festo. In this case also the wall was designed to interact with humans in form of motion (swinging back and forth). Both moving walls though may be more useful from the viewpoint of attraction, entertainment, and aesthetics. 
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  [image: image7.emf]
Figure B.1‑5: Left: Hyposurface wall; right: Festo sensoric swinging wall 
Sources: Appendix A, Refs. [5] and [6]
Another type of movable structure “Back projection” resembled a prototype of a deployable space which could be actuated by pneumatic muscles through a web-tool from anywhere in the world. When moving the panels physically one could feed-back information to the web-tool surface. The prototype was built with the Future Lab for the Ars Eletronica Festival in 2001 and represents two panels of a deployable space of 100 m2 with 20 panels.
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Figure B.1‑6: Left: Prototype of deployable space; right: Detail of actuator of prototype of deployable space

Source: Appendix A, Ref. [7]. Photographs © Imhof, von Klot, Trenkwalder
Most recently the ETH-Zurich in the Department of Architecture and Digital Fabrication built a looping brick wall by a digitally-controlled robot called R-O-B, which is kept in a freight container ready to be transported directly to a building site. The structure comprising over 7000 bricks were bonded together with quick-drying glue by the industrial robot (Figure B.1-7). However, this method could be used for building certain infrastructures on Mars or on the moon but not to deploy an air-tight habitat.
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Figure B.1‑7: Pike Loop” installation, Photo: Gramazio & Kohler / ETH Zurich
Source: Appendix A, Ref. [8]
B.1.2.1.2 Robotic technology

Deployable systems in the space sector for landing hardware, solar panels, antennae, sensors or other secondary structures are often limited to one-way deployment procedures or to utilization of robotic arm or steering mechanisms. Robotics used for complex deployment systems, which are integrated into a structure and be an active part of the primary assembly and a part of the subsystems, still need to be developed. Current development in robotics is focused on automation, rapid task repetition, remotely-controlled processes (telepresence – see Figure B.1-8), robots developed for supplementing the human in case of danger to health or enhancement of human capabilities with regards to motion and strength.
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Figure B.1‑8: Sensoric Arm Master Exoskeleton with force feedback
 Source: Appendix A, Ref. [9]
Innovative construction robotic systems are also being explored. Concepts of autonomous robotic swarm agents are one of the possible construction methods for extreme environments. Small autonomous robots may cluster in structures based on the natural principle of symbiosis or deploy according to pre-programmed requirements of mission (Figure B.1-9). 
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Figure B.1‑9: Symbion - Structure composed of docking robots which clustered for recharging 
Source: Appendix A, Ref. [10]
B.1.2.1.3 Robotic assembly ( Terrestrial construction and buildings

Nowadays, robotic technology has advanced so far that robotic arms serve their purposes in thousands of factories around the world. Next to the robotic arm systems, or complex robotic assembly-fabrication lines, small robotic helpers for household and also humanoid robotic systems are being developed. 

Civil engineering though is currently not using autonomous robotics in architecture for construction processes on earth, although it could largely benefit from it. While in space the deployable robotic arm helped assemble the space station components it was perceived as one integral unit in the construction process. Deployable systems used in terrestrial conditions may be of folding (e.g. telescopic) or inflatable character. These systems may be pre-fitted (e.g., in case of semi-permanent structures) with internal infrastructure, as in the case of the Mobile Expandable Container Camp (Figures B.1-10 and B.1-11) but their functions are very limited.

[image: image13.emf]
Figure B.1‑10: Architecture Air Hall with inflatable beams from Festo company 
Source: Appendix A, Ref. [11]
[image: image14.emf]
Figure B.1‑11: Mobile Expandable Container Camp 
Source: Appendix A, Ref. [11]
Construction of buildings in extreme environments on the earth’s surface is nowadays principally identical to construction in a nominal habitable environment and it is still limited to the use of heavy machinery with hydraulic, directly-controlled arms such as, for example, the crane on Figure B.1-12. 



Figure B.1‑12: Concordia Station construction in Antarctica - completed in 2005
Source: Appendix A, Ref. [12]
For an underwater environment, it is common to use fully pre-integrated, pre-fabricated monolithic structures and in case of larger elements, the whole complex is divided into more modules or components (usually into pressurized and non-pressurized) which are assembled without larger construction work on site (Figures B.1-13 and B.1-14). Uninhabitable underwater environments thus tend to minimize construction processes due to health risks of human and difficulties with terrestrial heavy construction machinery which is not adapted to such an underwater environment. In-structure integrated robotic systems utilized in this domain could largely expand possibilities of construction under water or other extreme environments on earth without health risks to the workers on site.
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Figure B.1‑13: Underwater habitat Aquarius used for NASA experiments and training 
Left: before assembly; right: assembled
Source: Appendix A, Ref. [13]
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Figure B.1‑14: Underwater habitat developed by COMEX, Marseilles

Source: Appendix A, Ref. [14]
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Figure B.1‑15: Alternative habitat concept to be considered by the SHEE consortium

Figure B.1-15 shows another of several concepts proposed by the SHEE consortium to be considered in the selection of a baseline for further design and manufacture (see also Figure B.1-1 proposed by the consortium). The concept above also indicates the depth of detail that will be generated during subsequent phases of the project.
B.1.2.1.4 Robotic assembly ( Planetary infrastructure and elements

Strategies for planetary base assemblies based on robotic systems exist and they will surely dominate future lunar and Martian base designs. The reason for this is increasing requirements for human safety and the generally high cost of human spaceflight. The planetary bases and infrastructure will, therefore, be preferably assembled and constructed without human presence either with fully-, partially-autonomous systems or with teleoperated robotics.
Currently, neither infrastructure nor habitats are being operated on the lunar or Martian surface. Therefore, prior to their construction it is vital to perform significant testing of habitat systems in terrestrial conditions in the form of analogue habitats. These habitats serve not only for structure principle design validation, technology and material testing but also for human factors evaluation and operations procedures optimisation, etc. The operation of habitat in long or short term missions should be fully simulated on earth prior to its deployment on other celestial bodies (Appendix A, Ref. [15] Campbell 1992). The mock-ups, simulators and prototypes can range from low to high fidelity depending on the use and the stage of development. Even with already limited resources significant testing can be done.

B.1.2.2 Beyond the state-of-the-art

There are a number of concepts of self-deployable habitat systems being explored and the attention is also dedicated to robotically-constructed structures based on principles of supporting humans by robot or teleoperated machinery (Figure B.1-16). While this principle will be more topical at the moment of designing and building structures and habitats of a very large size, nowadays the focus should be given to smaller compact self-deployable systems for an actual initiation for human activities on the surface of celestial bodies.
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Figure B.1‑16:  NASA JPL Artist’s conception of robotic construction
Source: Appendix A, Ref. [16]
Methods of structural deployment may be countless and the selection of the right method should always be interlinked with the function of the habitat, the requirements on structural rigidity and possibilities of refolding it back into its original shape. The combination of different types of structures is thus beneficial with regards to a better performance of each structural layer for a different functionality. However, a type of deployable structure where the deployment mechanisms and the basic infrastructure are pre-integrated is a level which still needs to be explored. One of the advanced concepts in the area of deployable structures for planetary bases is TRIGON [Appendix A, Ref. 17], (Figure B.1-17). This system comprises geometrical elements which are interconnected with robotic actuators and which enable folding and deployment of the structure. This system could be geometrically adapted to actual deployment strategies similar to Figure B.1-18 or to Figure B.1-19. 
[image: image22.emf][image: image23.emf]
Figure B.1‑17: Self-assembling Modular Robotic Structures
Source: Appendix A, Ref. [17]
[image: image24.emf] [image: image25.emf]
Figure B.1‑18: Computer animation of Ladibird II structure (left) and “pineapple” folding (right),
Source: Appendix A, Ref. [18]
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Figure B.1‑19. Binary Robotically Articulated Intelligent Device uses shape memory alloy actuators and uses elastic flexure for hinges
Source: Appendix A, Ref. [19]
B.1.2.3 Project innovations

The SHEE habitat represents the first stage of a habitat design functioning as an analogue system for architecture and engineering verification and operations testing. The uniqueness of this habitat is the hybrid structure combining rigid, deployable and inflatable elements. The SHEE habitat will be capable of autonomous deployment. That implies that no heavy machinery will be need for construction. To be able to integrate robotic systems into the habitat structure as well as all subsystems will be pre-fitted and integrated. The goal is to provide a feasible solution for a self-deploying habitat as a first outpost on the moon or Mars where no infrastructure or machinery is available. The final product will be high-fidelity mock-up with all subsystems including power generation, thermal control and ECLSS functioning for a limited amount of time autonomously for demonstration and research. The habitat should be capable of accommodating two people.
Advantages of the hybrid solution of the SHEE habitat are the following:

· Hybrid structure, which can respond with different layers to different requirements (rigid system for outer shell and micro-meteoroid and radiation protection, inner inflatable liner for hermetically sealed interior

· Integrated subsystems 

· Robotically-deployable exoskeleton is load bearing

· Easier mounting of hardware on the external shell 

· Use of modular hardware components to be mounted within the habitat
· Robotic structure allows for habitat shape control and modification 

· SHEE habitat is re-deployable and foldable back into a compact transportable package

Potential applications of the SHEE habitat on earth are manifold including post-disaster management, scientific needs in Antarctica or deserts or military applications. The SHEE habitat high-fidelity testbed will, therefore, also address the specific integration of systems that can be applied in terrestrial architecture. Its high level of sustainability may have significant impact on building design in the near future in daily life worldwide.
A structure which is capable of an autonomous deployment important for the human exploration of the moon or Mars has not yet been developed and would add to Europe’s unique technological achievements regarding space systems. 

B.1.3  Scientific/Technical Methodology and Associated Work Plan

B.1.3.1 Overall strategy of the work plan

The overall strategy is to address the specified objectives in an achievable manner and in the most efficient way. Therefore the work has been organized into Work Packages (WP) under the overall headings of the different categories of research and development. Descriptions of the WPs are given in Section B.1.3.5.4 and their interrelationship is shown in Figure B.1-20. The work packages have been sub-divided into specific tasks for greater precision and to enable a more thorough monitoring of their progress (see also the Gantt chart Section B.1.3.4). The proposed work builds on the earlier research and the experience of consortium members. Final reports will be drafted by the WP leaders and collated by the project co-ordinator. An overall principle is to be transparent and open with the advances achieved by the project and share it with stakeholders including other researchers, policy makers and the public. The different research and technology development activities that must be carried out to fulfil SHEE objectives have been broken down into nine main work packages:

· WP 1- Project management

· WP 2- Review state-of-the-art of robotics and architecture
· WP 3- Concept identification and selection
· WP 4- System engineering and detailed design
· WP 5- Design optimization and virtual simulations
· WP 6- Self-deployable habitat technology testbed manufacture
· WP 7- Assembly, integration and testing
· WP 8- Habitat operations
· WP 9- Dissemination and Outreach


Figure B.1‑20: Graphical representation of the work packages interdependencies

B.1.3.2 Work breakdown structure
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Figure B.1‑21: Project workflow and milestones and meetings of the SHEE project.

WP1: Project management

· Establish communication link between SHEE consortium and commission.
· Controlling of project finances and reports to commission.
· Coordination of technical concepts and coordination of R&D in SHEE
· Contact with Scientific Advisory Board which is an independent entity of the SHEE project administrative and technical management.
WP2: Review state-of-the-art of robotics and architecture

· Design constraints, drivers definition and identification of gaps in knowledge.
WP3: Concept Identification and selection
· Identification of possible solutions for the habitat architecture and selection of the optimal configuration based on requirements on robotic deployment, subsystem integration into the structure, Thermal and power generation and ECLSS integration. Model of the selected architectural concept will be provided.
WP 4: System engineering and detailed design

· Engineering of the robotics deployment system, structural elements, subsystems and design of the internal infrastructure will be performed in this WP. 
WP 5: Design optimization and virtual simulations

· The optimisation process will be running during WP4 and WP6 to support the design process as well as the manufacturing process. In addition, a digital prototype will be constructed and its performance will be analysed in simulated lunar and Martian environments.

WP6: Self-deployable habitat technology testbed manufacture
· Fabrication of the SHEE components will be performed with support of the optimisation team. 
WP7: Assembly, integration and testing
· Completion of the SHEE habitat will be performed and habitat deployment systems and subsystems will be tested.
WP8: Habitat operations

· Focus on operations in terrestrial on surface condition and short analogue missions with emphasis on subsystems performance, interior operations and efficiency of the SHEE habitat as an autonomous unit self-deployable and foldable.

WP9: Dissemination and outreach

· Establish effective communications channel by means of public website, intranet site, periodic newsletters, social/professional network services (Facebook, Twitter, Linkedin, etc) and facilitating scientific publications. Further, the WP includes presentations of the SHEE project at international conferences, contacting potential future partners regarding technology development and manufacturing, and exploration of possibilities to penetrate the market for potential end-users.
· Funding plan and marketing will be provided
B.1.3.3 Technical risks and contingency plan

	Impact to expected project results
	High
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	R6
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	R11
	
	
	
	
	

	
	
	R13
	R14
	
	
	
	
	
	R16
	
	
	
	

	
	
	R17
	
	
	
	
	
	
	
	
	
	
	

	
	Medium
	
	
	
	R4
	
	
	
	
	
	
	
	

	
	
	
	
	R7
	
	R5
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	R10
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Low
	R1
	
	
	
	
	R2
	R3
	
	
	
	
	

	
	
	
	
	
	R8
	
	
	
	
	
	
	
	

	
	
	R9
	
	
	R12
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	R15
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Low
	Medium probability
	High


Figure B.1‑22: Management related risks and risk management
Table B.1‑2: Technical risk classifications defined with respect to single items impacting the expected project results.
(See Table B.2.1-2 for management-related risks and risk management – indicated in blue text in figure above)

	No.
	Risks
	Prob-ability
	Impact
	Risk Management Method
	Partner(s)

	R8
	Technical compatibility of WPs
	Low
	Low
	The considerable overall experience of the team and its individual members who have managed and participated in numerous international and national projects and studies will ensure that the rare occasions of incompatibility will be quickly resolved in a discussion between TM and the responsible WPLs.
	All

	R9
	Poor Quality documentation
	Low
	Low
	Continuous quality control by TM (technical documents) and PC (administrative documents). Amendments/revisions to joint documents will be done by document change and approval procedures. In serious cases, discussion between TM, MC and the responsible WPLs will resolve the problem.
	ISU

	R10
	Delay in hard-ware develop-ment
	Medium
	Medium
	The hardware will be designed, manufactured and tested according to the requirements defined at the beginning of the SHEE project. There is always an element of risk involved in the development of hardware and delays may happen. To avoid delays in the overall project, development and testing of the habitat hardware will be organized in a way that enables habitat hardware elements and subsystems development/testing independently. In the unlikely case that more principal problems arise (e.g., general problems with the robotics actuators integration in the structure within the project scope), the TM together with the MC and the responsible WPLs will develop a suitable mitigation strategy (e.g., decoupling of the structure and robotic actuators).
	ISU, LSG

	R11
	Delay in soft- ware develop-ment
	Medium
	High
	To avoid delays in software development, software requirements and a concise implementation strategy will be developed early on in the project. The TM together with the MC and the responsible WPLs will have a mitigation plan ready in case a delay occurs.
	ISU

	R12
	Mismatch in interfaces
	Low
	Low
	The interfaces will be defined by interface documentation and templates and, therefore, R12 can be regarded as a low risk. Should mismatches occur nevertheless, the TM together with the MC and the responsible WPLs will develop a mitigation plan.
	All

	R13
	Delay in delivery of hardware
	Low
	High
	The University of Tartu, Institute of Technology, as prime developer of the habitat hardware builds on ample experience and hardware to develop the habitat testbed, so the risk of delays is seen as low. A detailed hardware development plan will be made during concept development to minimize this risk even further. The TM together with the MC and the responsible WPLs will develop a mitigation plan.
	ISU

	R14
	Non-availability of robotics
	Low
	High
	Available robotics is likely to be an active part of any live missions (projects). Risks on non-availability through other commitments would be minimised through advance planning by the supplier of the required robotics. Should serious problems occur, the PC, together with the MC, will find a solution with the responsible WPL.
	ISU

	R15
	System performance is low
	Medium
	Low
	The overall system performance will be assessed and measured during the final stage of the project. The SHEE team will monitor the progress of development on a regular basis at meetings and by reports of significant problems that have or might arise during, in particular, the development of the hardware and software.
	All

	R16
	Failure of integrated project
	Medium
	High
	A failure of this type generally indicates that the team has not worked together well and coherently. A stringent project management, both on the administrative level (PC) and the technical level (TM) will minimize this risk. The risk of a loss of knowledge resulting from the loss of (one or more) team member will be met by a good documentation and knowledge management strategy applied throughout the project.
	All

	R17
	User handling failure during habitat testing
	Low
	High
	This risk will be mitigated by allowing only the trained personnel performing habitat operations or supervising the deployment of the habitat.
	All


B.1.3.4 Timing of the work packages and their components

[image: image29.jpg]Deployable Habitat for Extreme Environme:
|Partner Identification No.

Year 1

Year 2

Year 3

WP

Task 1.1
Task 12
Task 13
D1.1
D12
D13
D14

[Task 2.1
Task 22
D2.1

Task 3.1
Task 32
[Task 3.3
Task 3.4
Task 35
Task 36
Task 3.7
D3.1

Task 4.1
[Task 4.2
Task 43
Task 4.4
[Task 4.5
Task 4.6
D4.1

D42

[Task 5.1

[Task 5.2

[Task 5.3

Task 5.4
Task 5.5
Ds.1
D52
D53

[Task 6.1
Task 6.2
[Task 6.3
Task 6.4
[Task 6.5
Task 6.6
D6.1
D6.2
P61

Task 7.1
Task 7.2
Task 7.3
D7.1
D7.2
P71

[Task 8.1
Task 8.2
Ds.1

Task 9.1
[Task 9.2
Task 9.3
Task 9.4
Task 9.5
D9.1
D92
D93
D9.4
D95

Description Tead
[Administration and project coordination IS0
Technical project coordination 1SG
Confinuous qualty assessment and risk maragement 1SU
[Annual review report- year 1 1SU
[Annual review report- year 2 1SU
[Annual review report- year 3 1SU
Execuive & Final 15U
[dentiiafion & definiion of design constraints 1SG
[Gentifafion & definiion of design drvers. 1SG
s document 1SG
T
[Self-deployment strategy SAS
Definiion of element dimensions 1SG
[Structural concept 1SG
Thermal Power UT
[EcLss co
Congep frade-off studies. 1SG
[Vock-up fo selected architectural concept design vaidation 1SG
[Selected 1SG
| Structure, deployment SAS
Thermal, Power Ur
[ECLSS co
Intemal furmishings 1SG
[Robolic deployment subsysterm UT, SAS
[Robolic deployment subsystem sofiware Ut
model and data for opfimisation 1SG
B 1SG
1
Determination of the acting force and themma loads Es)
Mass and thermal design optimization of siructural habitat components -
and assembly for errestral and launcher take-off conditions
(Vass and themmal design opfimization of the habial roboic components e
for terrestrial and launcher take-off conditons
[Human Facors Evaluafion SAS
Computationl vertfication of he habita assermbly for Moon and Vers SO
[Vodels and defa for manufacture SO
Design and opfimizafion report SO
Testing and simlafion report (Woon, Mars] E9)
[Structural components ur
[Subsystem components ur
[Robolic componens ur
ECLSS co
Intemal furmishings 1SG
Inspection ur
[Vonthly manufacturing progress reports UT
[Manufacturing & Inspection Report ur
el habitat technology festbed - Structure & robofics UT
[Assembly & integration co
Test procedures co
Testing, system vaidation, anthropometry co
[Subsystem test report co
System validation report co
[SelF-deployable habiat fechnology testbed - Complete system co
Test plan and procedure 1SU
[Habiat operational fests 1SU
onal IS0
Disseminafion of the results E]
Training for habifa testbed depleyment and uiization ]
[Exploitafion, management of knowidege and IPR issues isU
Visualizations, images Sl
[Animations, videos 1SG
Webpage including secured nfranet site (T0%6) St
[Newsletter 1 (Workshop announcement) (T0*15) ]
[Newsletter 2 (Demonsiralion repor) (T0*+34) ST
[Paper, CD and pd_Study Outcome publication & maiing st (T0¥36] ST
[Final Dissemination report (T0+36) ]





Figure B.1‑23: SHEE project Gantt chart
B.1.3.5 Detailed Work Description

B.1.3.5.1 Work package list (full duration of project)

Table B.1‑3: Work package list (1.3a).

	WP

No
	Work Package Title
	Type of

Activity
	Lead

Participant

No
	Person-

Months
	Start

Month
	End

Month

	1
	Project management
	MGT
	1 - ISU
	12.5
	1
	36

	2
	Review state-of-the-art of robotics and architecture
	RTD
	2 - LSG
	8.0
	1
	4

	3
	Concept identification and selection
	RTD
	2 - LSG
	20.5
	4
	8

	4
	System engineering and detailed design
	RTD
	2 - LSG
	41.5
	9
	14

	5
	Design optimization and virtual simulations
	RTD
	6 - SO
	32.0
	11
	20

	6
	Self-deployable habitat technology testbed manufacture
	RTD
	4 - UT
	47.5
	17
	27

	7
	Assembly, integration & testing
	RTD
	5 - CO
	16.0
	21
	30

	8
	Habitat operations
	RTD
	1 - ISU
	7.0
	31
	34

	9
	Dissemination and outreach
	Other
	7 - SI
	17.0
	6
	36

	
	Total
	202.0
	


B.1.3.5.2 Deliverables list

Table B.1‑4: Deliverables list (1.3b).

	Deliverable

No
	Deliverable Name
	WP

No
	Nature
	Dissemination

Level
	Delivery

Month

	D1.1
	Annual review report- year 1
	1
	R
	RE
	12

	D1.2
	Annual review report- year 2
	1
	R
	RE
	24

	D1.3
	Annual review report- year 3
	1
	R
	PU
	36

	D1.4
	Executive Summary 
	1
	R
	PU
	36

	D1.5
	Final Report
	1
	R
	CO
	36

	D2.1
	Design requirements document 
	2
	R
	CO
	4

	D3.1
	Selected concept description
	3
	R
	CO
	8

	D4.1
	Digital model and data for optimisation
	4
	R
	CO
	14

	D4.2
	System engineering report
	4
	R
	CO
	11-14

	D5.1
	Models and data for manufacture
	5
	R
	CO
	16

	D5.2
	Design and optimization report
	5
	R
	CO
	20

	D5.3
	Testing and simulation report (Moon, Mars)
	5
	R
	CO
	20

	D6.1
	Monthly manufacturing progress reports 
	6
	R
	CO
	17-25

	D6.2
	Manufacturing & inspection report
	6
	R
	CO
	27

	P6.1
	Self-deployable habitat technology testbed – Structure and robotics
	6
	P
	CO/PU
	27

	D7.1
	Subsystem test report
	7
	R
	CO
	30

	D7.2
	System validation report
	7
	R
	CO
	30

	P.7.1
	Self-deployable habitat technology testbed – Complete unit
	7
	P
	CO/PU
	30

	D8.1
	Operational experience report
	8
	O
	PU
	34

	D9.1
	Webpage including secure intranet site (T0+8)
	9
	O
	PU
	8

	D9.2
	Newsletter 1 (Workshop announcement) (T0+15)
	9
	O
	PU
	15

	D9.3
	Newsletter 2 (Demonstration report) (T0+34)
	9
	O
	PU
	34

	D9.4
	Paper, CD and PDF Study Outcome publication  & mailing list (T0+36)
	9
	O
	PU
	36

	D9.5
	Final Dissemination report (T0+36)
	9
	O
	PU
	36


B.1.3.5.3 Milestones

Table B.1‑5: List of milestones (1.3c)
	Milestone

No
	Milestone Name
	WPs

involved
	Expected

date

(month)
	Means of Verification

	M1
	Kick-off Meeting
	WP1
	1
	Minutes of meeting M1

	M2
	Selected System Concept
	WP2 & 3
	8
	Reports D2.1 and D3.1 and Minutes of Milestone Meeting M2

	M3
	Workshop 1
	WP4 & 5
	16
	Reports D4.1, D4.2, D5.1, D5.2 and D5.3 and Minutes of Milestone Meeting M3

	M4
	Workshop 2 Operational hardware and software
	WP6 & 7
	30
	Reports D6.1, D.6.2, D7.1 and D7.2, Products P.6.1 and P7.1, and Minutes of Milestone Meeting M4

	M5
	Final Meeting
	All
	36
	Project completion and final report submission - based on successful completion of tests and the second workshop.


B.1.3.5.4 Work package descriptions (1.3d)
	Work package number
	1
	Start date or starting event: Month 1
	Duration: 36 months

	Work package 
	Project Management

	Activity Type
	MGT

	Work package leader number & name
	1-ISU-Angie Bukley


	Participant number & name
	1

ISU
	2

LSG
	3

SAS
	4

UT
	5

CO
	6

SO
	7

SI
	Total

	Person-months per participant:
	6.5
	3.5
	0.5
	0.5
	0.5
	0.5
	0.5
	 12.5

	Objectives: 

The objective of WP1 is to handle the administrative, scientific/technical, and financial management of the project. This includes reporting and coordinating of contacts with the EU, as well as quality management and timing of project results and the resolution of potential conflicts between the consortium partners. On a technical level, WP1 will set up appropriate communication and collaboration tools and define rules for project communications and conflict resolution.

	Inputs: 

Technical deliverables (all WPs)

	Description of Work:

This work package will implement the following tasks:

Task 1.1: Administration and Project Coordination

Task Leader: 1-ISU
Task Partners: 2-LSG, 3-SAS, 4-UT, 5-CO, 6-SO, 7-SI
· Finalizing consortium agreement to regulate legal aspects of co-operation in the project, including IPR.

· Establishment of SHEE Project Procedures Manual (PPM) to summarize procedures, policies, and standards to be applied throughout the project by the consortium partners, including conflict resolution policies and quality standards to be applied to the work in the project.

· Establishment of technical infrastructure for dissemination and online cooperation is established, including public project web-site and internal project management tool (e.g. SHEE.Project), and a Wiki for easy information exchange

· Organize the reporting towards the EU.

· Organize and supervise the management and distribution of the project funds.

· Reporting of financial status and activities to the EU.

· Organize project meetings and distribute minutes of Milestone and Progress meetings.

Task 1.2 Technical project management

Task Leader: 2-LSG
Task Partner: 1-ISU
· Organization of technical reports

· Coordination of joint implementation efforts and tests

· Organization of communication between WP leaders

· Organization of quality control of technical reports

Task 1.3 Continuous quality assessment and risk management

Task Leader: 1-ISU
· Cooperation with scientific advisory board

· Quality control of deliverables and reports

· Organization of risk management measures as needed

	Deliverables (Delivery date): 

· Report D1.1: Annual review report 1 (month 12)

· Report D1.2: Annual review report 2 (month 24)

· Report D1.3: Annual review report 2 (month 35)
· Report D1.4: Executive Summary (month 36)
· Report D1.5: Final Report (month 36)

	Milestone 5: Project completion and final report submission (month 36)

	Milestones and expected results: This work package deals with the overall project management and will lead to the submission of the final project report at the end of 3 years.


	Work package number
	2
	Start date or starting event: Month 1
	Duration: 4 months

	Work package 
	Review of the state-of-the-art of robotics and architecture

	Activity Type
	RTD

	Work package leader number & name
	2-LSG-Waltraut Hoheneder 

	Participant number & name
	1

ISU
	2

LSG
	3

SAS
	4

UT
	5

CO
	6

SO
	7

SI
	Total

	Person-months per participant:
	1
	3
	1
	1
	1
	0.5
	0.5
	 8

	Objectives: 

The objective of WP2 is to review the state-of-the-art of the application of robotics in building construction and of mechanically-deployable, inflatable and hybrid habitable buildings and to derive design requirements for a Self-deployable Habitat for Extreme Environments (SHEE).

	Inputs: 

· Available documentation and publications related to the use of robotics in building construction.

· Available documentation and publications related to deployable habitats.

	Description of Work:

This work package will implement the following tasks:

Task 2.1 Definition of design constraints

Task Leader: 2-LSG 
Task Partners: 1-ISU, 3-SAS, 4-UT, 5-CO, 6-SO, 7-SI
· Analyse available documentation and publications and identify the design constraints imposed by the use of robotics in building construction.

· Analyse available documentation and publications and the design constraints related to mechanically-deployable, inflatable and hybrid structures and subsystems.

· Identify categories of planetary surface elements, e.g. habitats, greenhouses, etc, analogous to terrestrial buildings, which could be assembled using robotics.
Task 1.2 Definition of design drivers

Task Leader: 2-LSG
Task Partners: 3-SAS, 4-UT, 5-CO, 7-SI
· Define requirements based on the results of Task 2.1 applicable to the design and manufacture of SHEE

	Deliverables (Delivery date): 

· Report D2.1: Design requirements document (month 4)

	Milestone M2: Report D2.1 provides essential requirements for tasks performed in WP3 Concept Identification and Selection, the results of which will be submitted at Milestone M2 (month 8).

	Milestones and expected results: Design requirements for the self-deployable habitat technology testbed.


	Work package number
	3
	Start date or starting event: Month 4
	Duration: 5 months

	Work package 
	Concept identification and selection

	Activity Type
	RTD

	Work package leader number & name
	2-LSG-Barbara Imhof

	Participant number & name
	1

ISU
	2

LSG
	3

SAS
	4

UT
	5

CO
	6

SO
	7

SI
	Total

	Person-months per participant:
	1
	6
	3
	3
	3
	1
	3.5
	 20.5

	Objectives: 

The overall objective of this WP is to identify and select a baseline self-deployable habitat concept from a series of trade-off studies comparing various deployment and structural concepts taking into account the function(s) of the proposed habitat, habitability requirements and its subsystems.

	Inputs: 

Results of WP2

	Description of Work:

This work package will implement the following tasks:

Task 3.1 Self-deployment strategy 

Task Leader: 3-SAS
Task partner: 3-SAS, 4-UT, 6-SO
· Research/review of different self-deployment strategies.

· Trade-off and selection of the most suitable self-deployment strategy (taking into account mass and power characteristics of the actuators/robotics, reliability of the deployment mechanism, etc).

· Conceptual design of the deployment mechanism.

Task 3.2 Definition of habitat dimensions 

Task Leader: 2-LSG
Task Partner: 7-SI
· Define baseline dimensions for self-deployable habitat (packed and deployed)

· Define requirements for actuator/robotic installation (input from UT)

· Define requirements for installation of subsystems and furnishings (input from CO and LSG)

· Analyse requirements

· Develop design iteration in continuous feedback with relevant partner
· Evaluate final choice of dimensions
Task 3.3 Structural concept 

Task Leader: 2-LSG
Task Partners: None 

· Identification of functional relation between the architectural form and the structural concept and requirements

· Design of structural concept options which fit to habitat dimensions in coordination with power, thermal and ECLSS concept

· Evaluate concept options regarding their complexity and feasibility taking into account financial resources and implementation possibilities

· Refine chosen structural concept in feed-back with other tasks and relevant partners

Task 3.4 Power and thermal concept

Task Leader: 4-UT
Task Partners: None
· Investigate technical requirements for thermal and power system. 

· Identify required power consumption and it dynamics in time

· Trade-off and selection of the most suitable combination of power sources

· Selection of thermal system technology

Task 3.5 ECLSS concept

Task Leader: 5-CO
Task Partners: None
· Study of different Environmental Control and Life Support System architectures that can be implemented in the SHEE habitat. Emphasis will be given in this task on technologies such as water recovery, CO2 reduction, air monitoring and filtering that can also serve in terrestrial applications like submarines, remote location habitats and emergency shelters.

· The different technologies will be evaluated based on the criteria outlined above and their TRL.

· The outcome of Task 3.5 will be preliminary system architecture of the ECLSS.

Task 3.6 Concept trade-off studies

Task Leader: 2-LSG
Task Partners: 3-SAS, 4-UT, 5-CO, 7-SI
· Summarize outcomes from previous tasks in WP 3 

· Perform trade-off studies regarding the self-deployment strategy, Structural concept, Power and thermal concept, the ECLSS concept in inter-relation with each other

· Integrate additional trade-off studies regarding the three main scenarios for functionality (habitat for living and working, laboratory including medical infrastructure, greenhouse)

· Summarize the outcome for the habitat to be selected architectural concept design evaluation
Task 3.7 Habitat for selected architectural concept design evaluation

Task Leader: 2-LSG
Task Partners: 1-ISU, 7-SI
· Design evaluation regarding the exterior deployable shell especially regarding the:

· Usability and handling of stored configuration

· Handling of deployment

· Handling of packing

· Speed and smoothness of deployment

· Additional required resources to deploy shell/skin

· Design evaluation regarding the interior especially regarding the:

· Habitability

· Human factors

· Functional organization

· Usability of space

· Usability of deployment of infrastructure and furniture

· Different functional use (living and working, laboratory, greenhouse)
· Create drawings and diagrams of habitat for selected architectural concept design
· Summarize findings of selected concept

	Deliverables (Delivery date): 

· Report D3.1: Selected concept description (month 8)

	Milestone M2: Selected system concept (month 8).

	Milestones and expected results: Concept design for engineering detailed design will be prepared.


	Work package number
	4
	Start date or starting event: Month 9
	Duration: 6 months

	Work package 
	Concept identification and selection

	Activity Type
	RTD

	Work package leader number & name
	2-LSG- Stephen Ransom

	Participant number & name
	1

ISU
	2

LSG
	3

SAS
	4

UT
	5

CO
	6

SO
	7

SI
	Total

	Person-months per participant:
	3
	7
	12
	9
	6
	4
	0.5
	 41.5

	Objectives: 

To provide detailed design drawings and data for the manufacture of the self-deployable habitat technology testbed concept selected in WP3

	Inputs: 

Results of WP2

	Description of Work:

This work package will implement the following tasks:

Task 4.1 Structure and deployment design and analyses 

Task Leader: 3-SAS
Task partner: 1-ISU, 6-SO
· Detailed CAD design of exoskeleton structure.

· Finite Element Analysis: static analysis (strength, bending).

· Dynamic analysis of exoskeleton structure deployment.

· Basic thermal analysis of the exoskeleton structure for the terrestrial use of the SHEE (i.e. a limited temperature range with respect to deployment of SHEE on lunar or Martian surface).

· The TBD flexible material which is attached to the exoskeleton structure will be taken into account for both the static and dynamic analysis.

The design and the static and dynamic analysis will be performed with the Creo CAD software (former ProEngineer). Exchange of CAD files between Catia and Creo will be done via so-called STEP-files.

Task 4.2 Power and thermal design and analyses 

Task Leader: 4-UT
Task Partner: None
· Development of detailed CAD design of thermal and power system

· Detailed list of off-the-shelf components with their suppliers and delivery conditions

· Development of computer model for power system which enables pre-testing while designing the components

· Finite element modelling of the thermal model

Task 4.3 ECLSS design and analyses

Task Leader: 5-CO
Task Partners: None

· Design of the Environmental Control and Life Support System (ECLSS), which will be adapted to the habitat concept and volume constraints. The ECLSS will include elements to monitor and revitalize the atmosphere and recycle water inside the habitat based on high TRL components.

Task 4.4: Internal furnishings design

Task Leader: 2-LSG
Task Partners: 7-SI
· Develop and design of 3 scenarios for two people living and working in the habitat

· Analyse the potential of the outfitting scenarios for integration into the deployable structure

· Perform trade-off analysis 

· Adapt the best suitable scenario for a low-fidelity simulation in SHEE

· Prepare drawings for implementation

Task 4.5 Robotic deployment subsystem

Task Leader: 4-UT
Task Partners: 3-SAS
· Detailed design of the deployment mechanism.

· Proof-of-concept of the deployment subsystem: development and testing of the habitat technology testbed of the self-deployable exoskeleton structure.

Task 4.6 Robotic deployment subsystem software

Task Leader: 4-UT
Task Partners: None
· Detailed specification of software-hardware interfaces for robotic systems.

· Specification of functionality of software functionality and requirements

· Self-testing capability specification
· Development of failure tolerant distributed software architecture specification

	Deliverables (Delivery date): 

· Report D4.1: Digital model and data for manufacture of self-deployable habitat technology testbed (month 14)

· Report D4.2: System engineering report (month 11-14)

	Milestone M3: Workshop 1 (month 16)

	Milestones and expected results: A complete set of engineering drawings and data needed to commence manufacture of all components of the self-deployable habitat technology testbed (WP 6).


	Work package number
	5
	Start date or starting event: Month 11
	Duration: 10 months

	Work package 
	Design optimization and virtual simulations

	Activity Type
	RTD

	Work package leader number & name
	6-SO-David Ševčík

	Participant number & name
	1

ISU
	2

LSG
	3

SAS
	4

UT
	5

CO
	6

SO
	7

SI
	Total

	Person-months per participant:
	2
	1.5
	6
	2
	2
	18
	0.5
	 32

	Objectives: 

The objective of WP5 is to perform a design optimization of the detailed design data created in WP4. These data include element structure, element subsystems, element furnishings, robotic components and deployment subsystems, which will be optimized to minimize their weight from a strength point of view and also to minimize thermal bridges in the habitat envelope. Air distribution channels inside of the habitat will be also optimized.  All of these optimizations will be performed for the terrestrial conditions. The digital prototype of the habitat assembly will be further optimized to withstand the load from the launcher rocket take-off. Behaviour of the virtual prototype of the habitat will be simulated also for conditions on the moon and Mars surface.

	Inputs: 

· CAD data (WP4)
· Launcher payload handbook
· Moon and Mars environmental characteristics

	Description of Work:

This work package will implement the following tasks:

Task 5.1 Determination of the acting forces and thermal loads

Task Leader: 6-SO
Task partner: 3-SAS, 5-CO, 7-SI
· Loads for terrestrial conditions

· Loads for launcher take-off

· Loads for moon and Mars conditions

Task 5.2 Mass and thermal design optimization of structural habitat components and assembly for terrestrial and launcher take-off conditions 

Task Leader: 6-SO
Task partner: 4-UT
· Processing the input CAD data from WP4

· Performance of simple analytical calculations for selection of key structural details for advanced design optimization

· Selection of appropriate computational methods and CAE software

· Preparation of computational models and meshes
· Execution of the design optimization calculation loops

· Suggestions for design changes of the components

· Composition of an assembly computational model of the habitat
· Execution of the design optimization calculation loops

· Suggestions for design changes of the SHEE assembly and its design successors
Task 5.3 Mass and thermal design optimization of the habitat robotic components for terrestrial and launcher take-off conditions 

Task Leader: 4-UT
Task partner: None
· Mass and thermal design optimization

· Suggestions for design changes to the robotic components
Task 5.4 Human Factors Evaluation 

Task Leader: 3-SAS
Task partner: None
· Evaluation of the interior design of the habitat with respect to human factors and operational requirements

· Suggestions on design changes of the habitat interior design

· Evaluation of habitat ingress/egress and suit doffing/donning

· Human factors evaluation will be done based on the 3D CAD model developed in WP4, using a CAD ‘Manikin’ extension

Task 5.5 Computational verification of the habitat assembly for Moon and Mars
Task Leader: 6-SO
Task partner: 1-ISU
· Definition of the appropriate boundary conditions

· Validation of the virtual model
Report D5.1 will include suggestions for design changes which can be implemented in future extra-terrestrial habitats

	Deliverables (Delivery date): 

· Report D5.1: Models and data for manufacture (month 16)

· Report D5.2: Design and optimization report (month 20)

· Report D5.3: Testing and simulation report (month 20)

	Milestone M3: Workshop 1 (month 16)

	Milestones and expected results: Suggestions for design changes, materials and technology for the habitat testbed and for future terrestrial and extraterrestrial habitats.


	Work package number
	6
	Start date or starting event: Month 17
	Duration: 11 months

	Work package 
	Self-deployable habitat technology testbed manufacture

	Activity Type
	RTD

	Work package leader number & name
	4-UT-Alvo Aabloo

	Participant number & name
	1

ISU
	2

LSG
	3

SAS
	4

UT
	5

CO
	6

SO
	7

SI
	Total

	Person-months per participant:
	4
	1.5
	0
	31
	5
	5.5
	0.5
	 47.5

	Objectives: 

The objective of WP6 is to manufacture of a self-deployable habitat technology testbed. It includes fabrication of structural and subsystem components, manufacture of robotics components and environmental and life support system fabrication and assembly. It also includes inspection of different components quality, functionality and initial testing and periodical progress and inspection reporting.

	Inputs: 

Inputs will be obtained from WP4 and WP5. System detailed design and data for manufacture will be exploited as input data for this WP.

	Description of Work:

This work package will implement the following tasks:

Task 6.1: Structural components

Task Leader: 4-UT
 Task Partners: 1-ISU, 6-SO
· Manufacturing, fabrication structural components for habitant

· Ordering necessary commercially available materials and details for structural components.

· Supplier management

· Delivery of habitat testbed structure and integrated robotics to 5-CO facility, where ECLSS will be installed

Task 6.2 Subsystem components

Task Leader: 4-UT
 Task Partners: 2-LSG, 6-SO
· Gathering information and technical data about commercially available components for subsystems

· Supplier management

· Fabrication necessary components for subsystems

· Assembling the subsystems

Task 6.3 Robotics components

Task Leader: 4 UT
 Task Partner: 6-SO
· Manufacturing necessary mechanics for robotics components

· Ordering electronics layouts for robotics

· Assembling the robotics

· Programming the controller systems

Task 6.4 ECLSS

Task Leader: 5-CO
 Task Partner: 6-SO
· Assembling the ECLSS system

· Supplier management
Task 6.5 Internal furnishings

Task Leader: 2-LSG
 Task Partners: 7-SI
· Communication with supplier

· Manufacture furniture elements (inner structure, hinges, joints and surface)

· Transport furniture elements to COMEX
· Integration of furniture elements into SHEE 

Task 6.5 Inspection

Task Leader: 4 UT
 Task Partners: 1-ISU, 6-SO, 
· Inspection and quality control industrially available components

· Inspection, test assembling and initial testing mechanical systems

· Verification electronics systems
· Verification and inspection robotics systems

	Deliverables (Delivery date): 

· Report D6.1: Monthly manufacturing progress reports (months 17 - 25)

· Report D6.2: Manufacturing and inspection report  (month 27)

· Product P6.1: Self-deployable habitat technology testbed – Structure and robotics (month 27)

	Milestone M4: Manufacturing and delivery of structure and integrated robotics for habitat technology testbed to 5-CO for final assembly, integration and testing (WP7)  (month 27)

	Milestones and expected results: Manufacturing and inspection of components for habitant will be performed in this work package.


	Work package number
	7
	Start date or starting event: Month 21
	Duration: 10 months

	Work package 
	Assembly, Integration and testing [no clean room]

	Activity Type
	RTD

	Work package leader number & name
	5-CO-Peter Weiss


	Participant number & name
	1

ISU
	2

LSG
	3

SAS
	4

UT
	5

CO
	6

SO
	7

SI
	Total

	Person-months per participant:
	3
	0.5
	0
	1
	10
	1
	0.5
	 16

	Objectives: 

The objective of WP7 is to complete the overall system integration and to validate the SHEE habitat through subsystem tests and overall system tests. For this task all elements of the habitat testbed will be assembled at the COMEX site in Marseilles. Subsystem tests will include the operation of the deployment mechanism of the habitat, the validation of the ECLSS, the power supply and thermal system. The task will be finalised with a preparation for the tasks described in WP8.

	Inputs: 

Results of WP4 and WP6 including hardware from WP6.

	Description of Work:

This work package will implement the following tasks:
Task 7.1: Assembly and integration

Task Leader: 5-CO
Task Partners: 1-ISU, 4-UT, 7-SI
· All elements of the SHEE system will be transported to the COMEX site in Marseille where the habitat will be fully assembled.

· Power supply (UT), thermal management (UT) and ECLSS (CO) will be integrated in the habitat structure.

Task 7.2: Test procedures

Task Leader: 5-CO
Task Partners: None
· Test procedures will be elaborated based on predefined mission scenarios for SHEE. The procedures will foresee subsystem tests of the different components of the habitat, as well as validation criteria for the overall system. Testing criteria will include operational validation parameters, deployment speed, energy consumption, environmental stability (ECLSS); but also Perceived Environmental Quality Indicators (PEQI) such as noise, light conditions, space and ergonomics.

Task 7.3: Testing System Validation

Task Leader: 5-CO
Task Partners: 1-ISU, 2-LSG, 6-SO
· The WP will conclude with test of the subsystems and an overall test run of the whole SHEE habitat. The validation of the system concept will be evaluated based on the parameters defined in Task 7.2.

· After evaluation of the system concept the complete testbed will be delivered to I-ISU, Strasbourg.   

	Deliverables (Delivery date): 

· Report D7.1: Subsystem test report (month 30)
· Report D7.2: System validation report (month 30)
· Product P7.1: Self-deployable habitat technology testbed – Complete unit (month 30)

	Milestone M4: Operational hardware and Software

	Milestones and expected results: The WP will deliver a functional SHEE system.


	Work package number
	8
	Start date or starting event: Month 31
	Duration: 4 months

	Work package 
	Habitat operations

	Activity Type
	RTD

	Work package leader number & name
	1-ISU-Prof. Gilles Clément 

	Participant number & name
	1

ISU
	2

LSG
	3

SAS
	4

UT
	5

CO
	6

SO
	7

SI
	Total

	Person-months per participant:
	4
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	 7

	Objectives: 

The objective of WP7 is to complete the overall system integration and to validate the SHEE habitat through subsystem tests and overall system tests. For this task all elements of the habitat testbed will be assembled at the COMEX site in Marseilles. Subsystem tests will include the operation of the deployment mechanism of the habitat, the validation of the ECLSS, the power supply and thermal system. The task will be finalised with a preparation for the tasks described in WP8.

	Inputs: 

Results of WP7 in form of functional SHEE habitat.

	Description of Work:

This work package will implement the following tasks:
Task 8.1 Test plan & procedure

Task Leader: 1-ISU
Task partner: 2-LSG, 3-SAS, 4-UT, 5-CO, 6-SO, 7-SI 

· The plan and test procedure for the two-month study of habitat operations will be identified. 
· Propose a safety operations protocol for complex robotics-architecture.
Task 8.2 Habitat operational tests

Task Leader: 1-ISU
Task partners: None
· Identification of issues in logistics and set-up

· Test of repeated deployment and folding of the habitat: possibilities of structure modifications for sun tracking, possibilities of internal volume modifications

· Test of repeated initiation and hibernation of the habitat systems
· Test of habitat systems without human presence. Tests of human-machine-habitat interaction [psychology] looking at both interior and exterior activities; test of interior human operations [anthropometry]; habitat interior layout verification; identification of habitat flexibility margins regarding crewed operations.

	Deliverables (Delivery date): 

· Report D8.1: Habitat operations experience report (month 34)

	Milestone M5: Project completion and final report submission (month 36)

	Milestones and expected results: The operational habitat report will provide data mostly for further habitat development regarding practicality and utility of the entire SHEE system.


	Work package number
	9
	Start date or starting event: Month 6
	Duration: 31 months

	Work package 
	Dissemination and Outreach

	Activity Type
	Other

	Work package leader number & name
	7-SI-Dr. Ondřej Doule 


	Participant number & name
	1

ISU
	2

LSG
	3

SAS
	4

UT
	5

CO
	6

SO
	7

SI
	Total

	Person-months per participant:
	3
	3
	2
	2
	2
	1
	4
	 17

	Objectives: 

The goal of the outreach and dissemination WP is to increase the SHEE project visibility, recognition, educate public about possibilities of habitation in extreme environments, point out application of space technologies on earth and also attract future research, academic and industrial partners for further development. Another goal of this WP is also to record and archive progress in development of the SHEE habitat but also search for marketing possibilities while securing intellectual property rights of all consortium partners.

	Inputs: 

Results of WP2, WP3, WP4, WP5, WP6, WP7, WP8

	Description of Work:

This work package will implement the following tasks:
Task 9.1 Dissemination of the results

Task Leader: 7-SI
Task partners: 1-ISU, 2-LSG, 3-SAS, 4-UT, 5-CO, 6-SO
· A publication system, online and via social media, will be set up. In addition, newsletters will be prepared within the scope of this work package.

Task 9.2 Training for habitat testbed deployment and utilization

Task Leader: 7-SI
Task partners: None
· Selected personnel of all partners will be trained to operate and maintain the systems of the SHEE habitat. Trained personnel will be provided with a manual supplied by the task leader.

Task 9.3 Exploitation, management of knowledge and IPR issues

Task Leader: 1-ISU
Task partners: 7-SI
· The optimal use of scientific and technical achievements from the deployment of the project implies a coordinated plan for the management of knowledge, including IPR issues. The Consortium will find consensus for use and dissemination of knowledge acquired during the project. Information provided to the public domain will be released with the consensus of the consortium. Other legal means of intellectual property protection will be explored and proposed from time to time in the implementation of the project. The consortium will ensure the protection of the knowledge and other IPR issues when the consensus is not found.

Task 9.4 Visualizations, images

Task Leader: 7-SI
Task partner: 2-LSG
· Static graphical representation of the SHEE habitat will be provided in multiple deployment scenarios on the moon and Mars, as well as showing applications on the earth. Images will be provided for Dissemination of the results.
Task 9.5 Animations, videos

Task Leader: 2-LSG
Task partners: 7-SI 
· Animated visual representation of the SHEE habitat including landing, habitat deployment procedure on the moon and Mars will be done in the scope of this task and the results will be provided for dissemination.

	Deliverables (Delivery date): 

· Report D9.1 Webpage including secured intranet site (month 8 + updates throughout the project)

· Report D9.2 Newsletter 1 (Workshop 1 announcement) (month 15)

· Report D9.3 Newsletter 2 (Workshop 2 announcement) (month 34)

· Report D9.4 Paper, CD and PDF study Outcome publication & mailing list

· Report D9.5 Final Dissemination report (month 36)

	Milestone M5: Project completion and final report submission (month 36)

	Milestones and expected results: The main results of this WP will be: dissemination using visualisations and animations; continuous project monitoring and informing the public domain; knowledge management with regards to protection of intellectual property, and presentation of the results.


B.1.3.5.5 Summary of staff effort
The full duration of the project is 36 months. Within this time frame, a total of 202 person-months (PMs) will be used to achieve the objectives described above in the Work Package Descriptions.
Table B.1‑6: Summary effort table (1.3e)
	Consortium

  member
	WP1
	WP2
	WP3
	WP4
	WP5
	WP6
	WP7
	WP8
	WP9
	Total

PM

	
	MGT
	RTD
	RTD
	RTD
	RTD
	RTD
	RTD
	RTD
	Other
	

	1
	ISU
	6.5
	1.0
	4.0
	3.0
	2.0
	4.0
	3.0
	4.0
	3.0
	27.5

	2
	LSG
	3.5
	3.0
	6.0
	7.0
	1.5
	1.5
	0.5
	0.5
	3
	26.5

	3
	SAS
	0.5
	1.0
	3.0
	12.0
	6.0
	0.0
	0.0
	0.5
	2.0
	25.0

	4
	UT
	0.5
	1.0
	3.0
	9.0
	2.0
	31.0
	1.0
	0.5
	2.0
	50.0

	5
	CO
	0.5
	1.0
	3.0
	6.0
	2.0
	5.0
	10.0
	0.5
	2.0
	30.0

	6
	SO
	0.5
	0.5
	1.0
	4.0
	18.0
	5.5
	1.0
	0.5
	1.0
	32.0

	7
	SI
	0.5
	0.5
	3.5
	0.5
	0.5
	0.5
	0.5
	0.5
	4.0
	11.0

	Total PM
	12.5
	8
	20.5
	41.5
	32.0
	47.5
	16.0
	7.0
	17.0
	202.0


B.2 Implementation

B.2.1 Management Structure and Procedures

B.2.1.1 General organization











Figure B.2‑1: General Organization

B.2.1.1.1 The project Steering Board (SB)

The SB will consist of senior representatives of each partner organization and will be chaired by the PC. The SB members will be identified in the consortium agreement. The tasks of the SB are mainly to oversee the overall strategic and financial development of the project and to resolve risk situations and administrative problems. Accordingly, the SB will only be gathered if critical situations arise. The SB has the following responsibilities:

· Content, finances and Intellectual Property Rights (IPR) strategy and procedures;

· Approval to proposals for amendments to the Annex I of GA to be agreed by EC;

· Approval to proposals for changes into the Consortium Agreement (CA);

· Approval of changes to the work plan (including the Consortium Budget);

· If applicable, decisions about evolution of the Consortium;

· Conflict resolution between partners.

The SB shall not deliberate and decide validity unless a quorum two-thirds (2/3) of its members are present or represented. Each member shall have one vote. The partner from which the PC, TM and EDM comes, will have only one vote. Decisions shall be made by a majority of two-thirds (2/3) of the votes. Decisions related to modifications of the budget or related to the change of PC will be taken by unanimous consent. In the event of major breaches of the partnership, e.g. a partner breaching the Consortium Agreement or withdrawing from the project the SB will decide on the course of action. Should only one partner not agree, such decisions shall be taken according to the settlement of disputes or according to the conflict resolution procedures (see Section B.2.1.1.9 below).
B.2.1.1.2 The project Management Committee (MC)

The MC consists of the WPLs and is chaired by the Project Coordinator, who is assisted by the Technical Coordination Manager and the Dissemination and Exploitation Manager.

The MC will meet during the regular project meetings scheduled each 6 months and quarterly by conference call. The MC is in charge of elaborating and controlling the work plan and the schedule of the project. The main tasks of the MC are:

· Develop and oversee strategy to conduct the project technically

· Discuss technical concepts and assess the progress of RTD in the project.

· Decide on dissemination

In addition, the MC has the following responsibilities:

· development of proposals for amendments to the Annex I of GA to be agreed by EC (for submission to SB)
· development of proposal for changes into the CA (for submission to SB)
· Proposals for changes to the work plan, including the Consortium Budget (for submission to SB)
B.2.1.1.3 The Scientific Advisory Board (SAB)

A project advisory panel will be established, comprising external advisors with considerable expertise in relevant fields. The panel will assess the project developments, both technical and scientific, and make recommendations to the management team and project coordinator regarding corresponding strategic issues. Advisory board members will be invited by the project coordinator to meetings where appropriate, and will receive the relevant project documentation. The primary responsibilities of the board will be:

· Review work package documentation deliverables.

· Assess the technical and scientific achievements of the work package outputs.

· Comment upon work package progress with respect to the proposed schedule when appropriate. Provide general feedback, and when necessary, recommendations that will assist the management team and project coordinator in fulfilling their roles.

The SHEE Scientific Advisory Board consists of five international experts who have competence in robotic space exploration and science exploitation. The SAB includes: Dr. A. Scott Howe, robotics engineer and architect, NASA Jet Propulsion Laboratory, Pasasdena, California; Tracy R. Gill, systems integration engineer, NASA Kennedy Space Center; Dr. Steven Dubowsky, director, Mechanical Engineering Field and Space Robotics Laboratory, Massachusetts Institute of Technology, Boston; Dr. Milan Cermack, professor, Memorial University, St. John’s, Newfoundland, Canada; Tetsuji Yoshida, space robotics and construction engineer, President and CEO, CSP-Japan Inc, Tokyo. Although they are not partners of the consortium, their input is extremely valuable to the overall outcome by giving perspective and guidance on the needs of the planetary science and exploration communities. In this manner, they will help ensure that the project provides scientifically valuable technology concepts. 
The SAB will review the technical reports and deliverables of SHEE. Each year, the SAB will participate in one of the regular project / MC meetings and/or the technical workshops organized by SHEE.

For biographies of the members of the advisory board, see Appendix C.

B.2.1.1.4 Project Coordinator (PC)

The PC will monitor the project in order to meet its objectives on time, according to the budget and quality procedures. The PC will be responsible for the overall research and management activities. The PC shall be the intermediary between the partners and the EC and shall perform all tasks assigned to it as described in the Grant Agreement (GA) and in the CA. Assisted by Partner 2 (LSG), the PC shall be responsible for:

· administering the Community financial contribution and fulfilling the financial tasks;

· monitoring compliance by the partners with their obligations;

· supervising the Project Manager (PM) and Technological Manager (TM), in their tasks;

· collecting, reviewing and submitting reports and deliverables on the progress of SHEE to the EC;

· being responsible of web site’s document repository;

· preparing and chairing the PCC meetings and/or the periodical meetings;

· providing guidance on Intellectual Property Rights issues and knowledge dissemination;

· settling disputes, etc
B.2.1.1.5 The Technical Manager (TM)

The TM will coordinate and oversee the R&D efforts in SHEE. This includes the coordination of communication and information exchange between the WP leaders, the organization of technical teleconferences and meetings, the negotiation of decisions about the content and direction of technical developments, and the control of the timely delivery and quality of technical deliverables (including technical reports).

B.2.1.1.6 Work Package Leaders (WPL)

For each individual work package (WP), a Work Package Leader (WPL) is selected (see Table B.2-1). WPLs have been chosen on the basis of their specific expertise and their multi-annual experience of team work at international level (see chapter B2.2).

Table B.2‑1: List of WP leaders
	Work Package
	Partner
	WP Leader

	WP1 Project Management
	1-ISU
	Dr. Angie Bukley

	WP2 Review state-of-the-art of robotics and architecture
	2-LSG
	Waltraut Hoheneder

	WP3 Concept identification and selection
	2-LSG
	Dr. Barbara Imhof

	WP4 System engineering and detailed design
	2-LSG
	Stephen Ransom

	WP5 Design optimization and virtual simulations
	6-SO
	Dr. David Ševčík

	WP6 Self-deployable habitat technology testbed  manufacture 
	4-UT
	Dr. Alvo Aabloo

	WP7 Assembly, integration and testing
	5-CO
	Dr. Peter Weiss

	WP8 Habitat Operations
	1-ISU
	Dr. Gilles Clément

	WP9 Dissemination and Outreach
	7-SI
	Dr. Ondrej Doule


WPLs will manage and monitor the progress of the tasks of her/his WP through a continuous intermediation with the Task Leaders. Each WPL will report on the progress of their WP to the PC and in the MC meetings, and will be responsible for:

· Co-ordination of the work of his/her WP;

· The scientific/technical progress of the activities in his/her WP;

· Participation in the planning, monitoring and reporting (periodical reports and deliverables) of each task in his/her WP;

· Collection and submission of the required scientific, technical, financial and administrative data.
B.2.1.1.7 Exploitation and Dissemination Manager (EDM)

The EDM, will co-ordinate and synchronise the Dissemination and Exploitation activities of the SHEE consortium according to the tasks planned in WP9 such as the coordination and preparation of the project dissemination and exploitation plan. He/She will be also involved in the management of IPR issues.
B.2.1.1.8 Communication flow/decision making processes

Process 1: Implementation

	Objectives
	Activities & responsibilities

	· To control the work plan
· To decide upon the need for re-directing resources.
	The WPLs suggest the research directions to be taken fitting with the overall project plan. The MC is in charge of elaborating and controlling the work plan and its risk assessment.

	· To ensure integration of the different research teams
	1. 
The MC monitors the overall research activity.

2. 
The WPLs will report on the progress of their WP to the PC and the TM, as well as to other WPLs in the MC meetings.

In cooperation with the PC and the TM, WPLs are responsible for the integration of their results into individual WPs or tasks, ensuring that output performance, costs and deadlines are met.

3. 
The PC will play a key role in the management of the communication among different research teams.

	· To prepare and agree on the IPR and access rights
	1. The CA will regulate access rights to foreground and background for implementation and use.

2. 
The PC, supported by the TM and the EDM, will propose strategy to be followed to the SB on IPR.

	· To organize periodic meetings of the MC
	The PC, supported by the TM, is responsible for the organization of periodic meetings.


Process 2: Quality assurance (QA) and monitoring
	Objectives
	Activities & responsibilities

	· To establish common operational procedures
	The PC, supported by the TM, develops and distributes common templates (based on the official ones), to be used by partners to provide periodical scientific and financial information.

	· To ensure the correct and smooth flow of the project activities

· To check progress of project activities

· To ensure adherence to project timetable

· To implement corrective actions, if needed
	1.
Each partner analyses the state of its activity and transmits it to the relevant WPs.

2. 
The PC evaluates the progress reports and decides on any corrective actions.

3. 
Each partner implements the corrective actions decided by the MC and/or SB and evaluates the results.

	· To ensure quality of scientific and technical results

· To verify that each periodic report covers all aspects required to meet the deliverables
	1.
The TM, supported by the, PC defines and propose to the MC a number of “critical” scientific/technical issues in line with Significant risks and associated contingency plans table.

2. 
The WPL will be responsible for the design of the deliverables belonging to the WP and the coordination of the technical and organizational work of all partners involved in line with Summary table: key deliverables and milestones versus objectives and risks.

3. 
Deliverables and reports to be submitted to the EC will be checked by the PC, supported by the MC.

4. 
The WPLs will be responsible for the scientific/ technological progress of the activities in his/her WP.

	· To minimize possible delays or unsuccessful results
· To recover from undesirable situations
	The WPLs, in line with Significant risks and associated contingency plans table, will put in place mitigation actions when required, managing scientific risks and by putting them in contingency plans.


Process 3: Knowledge management

The consortium has already developed a plan for the management of knowledge, in order to make the knowledge life-cycle more effective and to analyse and engineer the mechanisms to increase quality, flow and availability of knowledge and accelerate the rate of innovation. In the plan, distinctions are made between: (i) capture of “internal” knowledge, i.e. Consortium access to the information needed to carry out the SHEE project; (ii) knowledge transfer to the EU, i.e. reporting; (iii) spreading of knowledge to external audience, i.e. dissemination; (iv) preservation of knowledge beyond the project duration.
	Objectives
	Activities & responsibilities

	· To ensure that information is available where and when it is needed
	1. The CA will regulate access rights to foreground for implementation and use.

2. 
PC is then responsible for publishing internal documents, deliverables and reports on the website to be accessed by each partner.

	· To ensure complete and timely reporting to the EC
	1. The PC prepares a periodical technical and financial reports an internal one each six months and an official one each reporting period.

2. 
The PC submits a periodic report to the EC.

	· To support the dissemination of project results
	1.
The PC approves the dissemination plan as defined within WP9.

2. 
The EDM will prepare business plans for the exploitation of project results.

3. The EDM is responsible for designing, implementing and maintaining the public web site for SHEE.

4. The PC collects partners’ contribution to be included in the Periodic Reports.

5. The PC organises the information/reports/deliverables received from the partners.

6. 
Publication and patents procedure is regulated by the CA.

	· To manage to intellectual property rights

· To prepare and agree on the IPR and access rights

· To maintain the CA
	1.
The MC will assess and handle knowledge emerging in a targeted manner to ensure proper management of intellectual property

2. 
The MC will check results (deliverables) with regard to IPR issues ownership of IP, potential patent applications, possible exploitation routes.

3. 
The partners adhere to the CA and its updates.


B.2.1.1.9 Risk management and trouble shooting

If necessary, the PC will organize a conflict resolution meeting within 30 days following the reception of a written request transmitted by any of the partners. Should the conflicting partners not find an amicable settlement as above provided, the PC, against request of one of the concerned partners, within 30 days from a written request transmitted by any of the partners involved, shall convoke the SB. The SB shall designate a legal expert, who shall try to settle the dispute with reference to the law of Belgium and the principles of fairness. The PC shall communicate such decision to the concerned partners within 30 days from the date of its receipt. If the partners concerned have not reached a settlement of such dispute at the expiration of the two phases above provided, within 30 days from receipt of the decision of the legal expert, each concerned partners can resort to an arbitration procedure in accordance with the Rules of Arbitration of the International Chamber of Commerce by one or more arbitrators appointed in accordance with the said Rules.

Table B.2‑2:  Management-related risks and risk management.

	No
	Risks
	Prob-ability
	Impact
	Risk Management Method
	Partner(s)

	R1A
	Management failure 

(top level)
	Low
	Low
	To avoid this risk, partners will appoint deputy manager to ensure continuity in management tasks. If inevitable, discussion of SB with REA leading possibly to changes in contract formalised by CCN.
	ISU

	R1B
	Management failure

(lower level)
	Low
	Low
	Discussion with SB and MC.
	ISU

	R2
	Loss of WP Leader
	Medium
	Low
	Appoint new WP Leader from a team of experts with complementary qualifications that work on the WP.
	All

	R3
	Conflict of partners within the project
	Medium
	Low
	Discussion with MC. Will be avoided by joint development of clear management guidelines and procedures.
	ISU

	R4
	Delays in decision making
	Low
	Medium
	PC to remedy situation. Will be avoided by including flexibility in the schedule of events to allow for small postponements of meetings where decisions are to be made. Introduction of additional ad hoc meetings (teleconferences or, physical meetings in serious cases if regular meetings are not sufficient.
	All

	R5
	Delays in Milestones
	Medium
	Medium
	Insistent reminders by PC. If necessary, ad-hoc meetings of MC to discuss appropriate measures. If serious delays / non delivery are likely, discussion between MC and PC leading possibly to changes in contract formalised by CCN.
	ISU

	R6
	Withdrawal of partner
	Low
	High
	The SHEE team was assembled with the expectation that all members of the team would be available for the entire length of the project (3 years). At present, there is no apparent reason for a team member to withdraw its support and, therefore, the risk that this will happen is very low.

Should the unlikely event occur, the tasks and budget of the deserting partner will be handled by the remaining partners. Where this is not possible, the SB will discuss with REA options for externals support (subcontracting or new partner)
	ALL

	R7
	IPR issues
	Low
	Medium
	Will be avoided by proper inclusion of IPR regulation in CA. If inevitable, discussion between SB and MC to find solution.
	All


B.2.1.1.10 Monitoring of project progress and reporting

Every WPL will submit a brief monthly progress report to the Project Coordinator. The coordinator combines the reports into a project overview for internal use and distribution in the SB and to the TM.

The WPLs will also formally report and provide the necessary information concerning the technical progress of the tasks in the work packages. Each partner is responsible for producing, every six months, cost statements and management control reports that contain the current status of the active work packages he is performing. The reporting includes information about the results obtained (e.g. deliverables), and compliance with the work programme.

The Project Coordinator will co-ordinate the preparation of the project reports etc. to the EC Project Officer, and take care of their distribution. The Project Coordinator will prepare a consolidated overview of the budgetary situation of the project, on the basis of the cost statements he has received from the partners, and the payments that have been made. The budgetary situation will also be compared with the initial costs-per year planning which is to be made at the kick-off phase of the project. Site managers provide administrative and financial information.

Technical reporting is coordinated by the Project Coordinator. The individual task reports will be prepared by the WP-Leaders, but the Coordinator has final responsibility for editing according to a standard layout and for the distribution.

In summary, the coordinator is responsible for the delivery to the Commission of the following reports:

· Periodic activity progress and management reports, presenting the current results and project progress,

· Periodic cost statements, synthesis of the information provided by the different partners,

· Work packages synthesis reports,

· Final report presenting a synthesis of the project’s main achievements and conclusions.

B.2.1.1.11 Mid-term meetings special conditions

A mid-term Assessment report on the progress of the research and the partners’ plans for future exploitation strategy will be submitted before the end of the 18th month from the date of the commencement.

The project coordinator will organize a mid-term assessment meeting (at the end of the 19th month) with all the partners and the Commission’s representative. The purpose of this meeting will be to report on the progress to date and to redefine (if necessary) the Project Program for the remaining part of the contract.

Procedures for managing the future exploitation of the results will be discussed and assessed. A decision whether or not to continue the contract will be taken before the end of the 20th month, with regards to the perspectives for the results.

Technical and scientific progress: The mid-term assessment will be made against the satisfactory completion of the following programme items before month 18: see the list of quantified targets (deliverables and milestones) to be achieved before the midterm assessment.

Exploitation perspective: An updated and more detailed exploitation plan will be submitted. The continuing existence of positive and realistic perspectives for the exploitation of the results and the continuing commitment of the partners to the objectives of the project will be a requirement for the continuation after the mid-term assessment.

B.2.2 Individual Participants

B.2.2.1.1 International Space University, Coordinator, Partner 1

	Name
	International Space University, Strasbourg
	Short Name
	ISU
	Partner No
	1

	The International Space University (ISU) was established in 1987 at the Massachusetts Institute of Technology (MIT) in the USA and since 2004 ISU Headquarters has been located in Strasbourg, France. The ISU philosophy is to enhance and educate interdisciplinary in the space sector with emphasis on international cooperation within the intercultural environment. Together with hundred members of ISU faculty and lecturers from around the world, ISU alumni comprise an effective network of space professionals that actively facilitates individual career growth, professional activities and international space cooperation. 

	Relevant Expertise

	ISU has been involved in educational and outreach programme management since 1987. ISU is composed of a large body of experts from around the world. The most significant achievements are:

· More than 3000 alumni from over 100 countries

· Successful coordination of more than 25 large educational programmes in different countries 

· Successful establishment and operation of worldwide unique interdisciplinary programmes of master programmes in Space Management, Space Executive EMBA, Space Studies, Human Spaceflight.

ISU provides:

· Programme management, project management expertise 

· Long-term experience in outreach at international level and access to space sector through its broad worldwide networks

· Access to in-house design facilities (Concurrent Design Facility) 

For relevant publications see Appendix B.

	Role within SHEE

	Project management (WPL1, Tasks 1.1, 1.3), Habitat operations (WPL8, Tasks 8.1, 8.2. Partner in: Review of State-of-the-Art of Robotics and Architecture (WP2 Task 2.1); Concept Identification and Selection (WP3 Task 3.7); System Engineering and Detailed Design (WP4 Task 4.1); Design Optimization & Virtual Simulations (WP5 Task 5.5); Self-deployable Habitat Technology Testbed Manufacture (WP6 Tasks 6.1 and 6.2); Assembly & Integration and Testing (WP7 Tasks 7.1 and 7.3), Dissemination & Outreach (WP9, Task 9.3)


	Key Personnel

	Angie Bukley: WPL1, WP1 Task 1.1; WP4 Task 4.1; WP6 Tasks 6.1 and 6.6; WP7 Tasks 7.1 and 7.3
Prof. Bukley, ISU Dean, SSP programme director, coordinator and former project manager at NASA spaceflight centre has a background in systems engineering, control theory, electrical engineering and biomedical engineering. Prof. Bukley has extensive experience with coordination of large projects as a director at The Aerospace Corporation (USA) and Director at the Nichols Research Corporation (USA). As PC, Prof. Angie Bukley will be responsible for the administrative coordination of the project.

Chris Welch: WP1 Task 1.3; WP2 Task 2.1; WP3 Task 3.7; WP5 Task 5.5
Dr. Welch has a BSc in Physics, an MSc in Experimental Space Physics and a PhD in Spacecraft Engineering. His research interests focus on space propulsion, space exploration and microgravity science. He is a visiting lecturer in space propulsion at Cranfield University, UK, and an honorary research fellow at Kingston University, UK. Dr. Welch has also served as a special advisor on two enquiries into UK space policy and a task team member for the 2010 UK Space Innovation Strategy. He has long experience with programme management as a director of the aerospace research centre at the Kingston University and as Director of Master programmes at the ISU. Dr. Welch will be co-responsible for the overall coordination and quality of the project.

Gilles Clement: WPL8, WP8 Tasks 8.1 and 8.2

Prof. Clément is a former Director of Research at the Centre National de la Recherche Scientifique in Toulouse, France (1986-2009). He was the Project Manager for the Space Clinic at the Institute of Space Physiology and Medicine (MEDES), Toulouse (1991-1994), and a Visiting Scientist at the NASA Johnson Space Center (1989-1991) and Ohio University (2006-2007). Prof. Clément has written more than one hundred publications in the areas of Space Medicine, Space Biology, Artificial Gravity, and Neuroscience in Space. Prof. Clément will be responsible for the coordination of the study of habitat operations performed at ISU.

Veronica La Regina: WP9 Task 9.3

Dr Veronica La Regina is research professor of Space Business & Management at the International Space University in Strasbourg. Previously she was employed by Telespazio SpA in Italy, and Resident Fellow, at European Space Policy Institute (ESPI) in Austria, she held position as Experienced Research at Wave Energy Centre in Lisbon (Portugal). Dr. La Regina was also economic researcher at Osservatorio Filas for innovation policy of the SMEs. She has been involved in several European projects, granted by European Framework Programmes (under FP6 and FP7). She gathered abroad experience providing policy advising about technology transfer mechanisms for novel and innovative ideas with business perspectives in the area of renewable energy and space-based technologies & services. She has been involved in the main European debates concerning with European Technology non-dependence. She is in charge of task 9.3 concerning the exploitation, management of knowledge and IPR issues.


B.2.2.1.2 LIQUIFER Systems Group, Partner 2
	Name
	LIQUIFER Systems Group, Vienna
	Short Name
	LSG
	Partner No
	2

	LIQUIFER Systems Group (LSG) was established in 2004 with the object of creating a multidisciplinary task force that can design and develop space systems and engineering projects for the European Space Agency (ESA) and the European Industry as a whole. LSG combines a wide range of expertise within one team and covers fields from Systems Architecture and Engineering, Robotics through to Human Factors, Science, and Satellite Communications. The composition of the company provides a unique environment for innovative research and product development.

	Relevant Expertise

	LSG has been involved in a number of projects relevant to SHEE:

· Biornametics (sensor controlled panels), 2011, Client: Austrian Science Fund

· Deployable Getaway for the International Space Station, 2008-2010, Client: Austrian Aerospace and Space Agency of the FFG

· RAMA - Rover for Advanced Mission Applications (Transformable interior solutions and advanced EVA), 2007-2009. Client: Thales Alenia Space, ESA (Within the framework of the study, Analysis of Surface Architecture for European Space Exploration - Element Design)

· Phase A Definition Study Facility for Integrated Planetary Exploration Simulation FIPES (Human Factors, Long Duration Planetary Exploration), 2005-2006. Client: ESA

· Deployable Structures for a Human Lunar Base, 2006, Client: Thales Alenia Space, ESA

· Back Projection (pneumatically controlled deployment of panels), 2001, Client: Ars Electronica Centre
For relevant publications see Appendix B.

	Role within SHEE

	Technical Coordination Management (WP1, Task 1.2), Review of State-of-the-Art of Robotics and Architecture (WPL2), Concept Identification and Selection (WPL3), System Engineering and Detailed Design (WPL4), Dissemination and Outreach (WP9, Tasks 9.4 and 9.5). LSG is a partner in all work packages.

	Key Personnel

	Dr. Barbara Imhof: WP2 Task 2.1, WPL3, WP3 Task 3.2 
Dr. Imhof founded LIQUIFER Systems Group, a team of experts in the field of space. She has won and worked on several design/research projects for the Austrian Space Agency, the Austrian Science Fund, the European Space Agency, NASA, Thales Alenia Space, EADS Astrium, Departure Creative Industries, Vienna and other organizations and industrial companies. She was responsible for the studies Deployable Structures for a Human Lunar Base, RAMA - Rover for Advanced Mission Applications, for Back Projection and most recently for Biornametics; all projects dealing with self-deployable and structural spaces. In SHEE, Dr. Imhof will be work package leader for WP 3 and will be responsible for WP2 Task 2.1 and WP3 Task 3.2.
Waltraut Hoheneder: WPL2, WP2 Task 2.2, WP4 Task 4.4, WP 9 Task  9.5 

Ms. Hoheneder is a managing director of LIQUIFER Systems Group, a team of experts in the field of space. She has an extensive design experience with large architectural projects (e.g. design architect BMW Welt, Munich) and is currently involved in deployable environments and ambient assisted living. She has been involved in design/research projects for the Austrian Space Agency, the Austrian Science Fund, the European Space Agency, Thales Alenia Space, EADS Astrium, Departure Creative Industries, Vienna and other organisations and industrial companies. In SHEE, Waltraut Hoheneder will be responsible as work package leader for WP2 and leader of tasks in WP4 and WP9.

Stephen Ransom: WP1 Task 1.2, WP3 Tasks 3.3, 3.6, 3.7, WPL4, WP4 Task 4.4
Mr. Ransom joined LIQUIFER Systems Group as Advanced Projects Engineer in 2005. Previously employed in the space industry in Germany (1976-2004) and the aircraft industry in the UK (1961-1976). Technical and contractual manager for numerous international and national studies projects and programmes (ESA, NASA, DLR, EADS Astrium). Studies included system engineering analyses of planetary surface infrastructure elements, habitable modules, EVA and operations, and ISS robotic servicing, assembly operations, and technology development. He was study manager for FIPES. Expertise in developing a wide range of new concepts. In SHEE, he will be responsible for the overall technical coordination of the project (WP 1, Task 1.2) and will be work package leader for WP4. Further, he will be responsible as leader of tasks in WP3 and WP4.


B.2.2.1.3 Space Applications Services, Partner 3
	Name
	Space Applications Services
	Short Name
	SAS
	Partner No
	3

	Space Applications Services is an independent Belgian company founded in 1987, with a subsidiary in Houston, USA. Our aim is to research and develop innovative systems, solutions and products and provide services to the aerospace and security markets and related industries. Our activities cover manned and unmanned spacecraft, launch/re-entry vehicles, air traffic management, robotics and a wide range of information systems.

	Relevant Expertise

	Space Applications Services has been involved in a number of project relevant to SHEE:

· Phase A study for Long Term Habitability and Ergonomics (LTHE), 2003-2005. Client: ESA.

· Mission Operations Analysis and Ground Segment Concept for ExoMars Phase A study, 2004. Client: ESA.

· ESA Next Lunar Lander (Next-LL), 2008. Subcontractor to OHB, client: ESA.

· Pressurised Lunar Rover (PLR), 2008-2009. Subcontractor to Thales Alenia Space, client: ESA.

· Advanced Re-entry Vehicle (ARV) Phase A study, 2010-2011. Subcontractor to Astrium, client: ESA.

For relevant publications see Appendix B.

	Role within SHEE

	· Support to identification of operational scenarios for inflatable habitats in future space exploration programmes and support to identification and definition of design constraints (WP2, Task 2.1);

· Concept design of self-deployment strategy (WP3, Task 3.1)

· System engineering and detailed design of the deployable structure (CAD design, static and dynamic analysis) (WP4, Task 4.1 and 4.5);

· Human Factors Evaluation (HFE) (WP5, Task 5.4)

	Key Personnel

	Tom Hoppenbrouwers: WP2 Task 2.1, WP3 Task 3.1, WP5 Task 5.4
Mr. Hoppenbrouwers joined SAS in 2005 and in his first assignment he worked as system and operations engineer for the Erasmus User Support and Operations Centre (USOC) at ESTEC, the Netherlands. As a certified operator he operated the European Drawer Rack (EDR) inside the Columbus module and the European Technology Exposure Facility (EuTEF), an external payload of the ISS. Since 2009 Mr. Hoppenbrouwers joined the Future Projects and Ground Segment team at SAS, working on different Phase A type studies, like the ESA In-Situ Resource Utilisation (ISRU) technology study (2010-2011), PREMIER Ground Segment study and ARV Flight and Ground Operations assessment. Mr. Hoppenbrouwers has a MSc in Mechanical Engineering from the Catholic University of Leuven, with a specialization in aerospace, and is currently the Future Projects and Ground Segment team leader at Space Applications Services.

Hemanth Kumar Madakashira: WP4 Task 4.1 and 4.5

Mr. Madakashira joined SAS in 2010 as system engineer in the Future Projects and Ground Segment team assigned to the PREMIER Earth Explorer Ground Segment study and the ARV Phase A study for the definition of crew avionics and crew systems. Tasks included: definition of avionics concept and architecture, avionics budgets (mass, power and volume), reliability analysis, trade-offs, definition of crew systems, crew systems budgets, human factors analysis on crew systems, assistance in crew systems accommodation. Mr. Madakashira has a MSc in Space Technology from Supaero in Toulouse. He is one of the persons at SAS working with the CREO (ProEngineer) CAD software packet.


B.2.2.1.4 Institute of Technology, University of Tartu, Partner 4
	Name
	Institute of Technology, University of Tartu
	Short Name
	UT
	Partner No
	4

	The University of Tartu was founded in 1632. UT is Estonia’s leading centre of research and training. UT includes nine faculties, four colleges and several regional development units, of which the latter two are situated in different parts of Estonia. To support and develop the professional competence of its students and academic staff, the university has entered into bilateral co-operation agreements with 48 partner institutions in 19 countries. Institute of Technology is a research and development institution, which aims to create a new cultural environment to facilitate the generation of new technological solutions. The Institute was established in June 2001 with the object of creating a multidisciplinary task force that can be active in areas Material and chemical technology, Robotics and Biomedical technology UT a wide range of expertise relevant to this application covers Space technology, Robotics and Science. 

	Relevant Expertise

	UT has been involved in a number of projects relevant to SHEE:

· ESTCube-1 student satellite project. There is in process the ESTCube-1 satellite, to be launched in 2012.

· Digitailor

· ESAIL EU FP7 project (Tartu Observatory). The electric solar wind sail, or electric sail for short, is a propulsion invention made in 2006 at the Kumpula Space Centre. The project is developing the E-sail towards prototype phase.

· PECS (ESA) project ESTROACTUATOR. Testing novel actuators for space applications.
· Digitailor, Eureka SME project. Design of shape changing human body imitating robotic solution.
For relevant publications see Appendix B.

	Role within SHEE

	WP6 Manufacture of self-deployable habitat technology testbed and design of robotic deployment subsystem

	Key Personnel

	Prof. Alvo Aabloo: WPL6, WP6 Task 6.3, 6.5, WP4 Task 4.2, 4.6  

Prof. Aabloo is head of the Intelligent System and Materials Lab, Institute of Technology, UT. He was responsible for development of robotic solutions for Digitailor project. He is also responsible for ESTROACTUATOR PECS (ESA) project. He has background in physics, modelling, materials sciences and robotics. 

Dr. Andres Punning: WP3 Task 3.4. Participant in: WP4 Task 4.2, 4.5 and 4.6; WP6 Task 6.1, 6.2  
Dr. Punning is a chief scientist ESTROACTUATOR PECS project. He has background in physics, engineering. He recently returned from a post-doctorate position with Microsystems for Space Technologies Laboratory EPFL-LMTS, Switzerland.

Kaupo Voormansik: Participant in: WP4 Task 4.5, 4.6; WP6 Task 6.1, 6.2, 6.3
PhD student in University of Tartu. Advisor at Space Downstream Services Reach-U/Regio, 2008-2009 he was a student at International Space University (ISU)

Roman Leinus: Participant in all tasks performed by UT
Mr. Leinus was a chief engineer of DigiTailor project. He is responsible for development of robotic solutions

Tauri Tätte Participant in all tasks performed by UT
Mr. Tätte is an automation and mechanical engineer. Previously he has been working at Stoneridge Electronics as responsible engineer for testing and automation.


B.2.2.1.5 COMEX, Partner 5

	Name
	COMEX S.A., Marseilles
	Short Name
	CO
	Partner No
	5

	COMEX S.A. is specialized in engineering solutions for extreme environments and deep diving operations. The company was created in November 1961 by H.G. DELAUZE and became a pioneer in deep-diving operations. Its main business activities include:

1) Hyperbaric and hypobaric testing facilities and engineering,

2) Oceanographic research (three research vessels, submarines and subsea robots),

3) Testing pools for equipment  tests and EVA simulation,

4) Development of equipment for extreme environments.

	Relevant Expertise

	With reference to the proposed project, COMEX offers its expertise in Human Space Flight preparation and training, air revitalisation systems, extreme environment habitat design and its hermetic testing facilities. COMEX was involved in following studies and projects relevant to SHEE.

· Astronaut EVA training (astronauts J.-L. CHRETIEN / M. TOGNINI) in the COMEX Neutral Buoyancy Facility (NBF) for the ARAGATZ mission to MIR (CNES contract) and HERMES astronaut training programme and validation of the access port for EVA (ESA Contract No. 8342/89/F/FL).

· Life Support Systems for submarines (French Navy): Development and validation tests of air regeneration systems in hermetically sealed chambers. System development of a depressurization system for survivors on grounded submarines.

· COLUMBUS ergonomic IVA (Intra-Vehicular Activity) simulation in the Neutral Buoyancy Facility.

· Study of the adaptation of the Helgoland facility for manned space simulations purposes (PRESUBEMSI – ESA Contract No. 9279/90/F/BZ).

· Tele-medicine and confinement study during a 74-day dive simulation commissioned by ESA and CNES in the HYDREMSI experience.

· Engineering support and hyperbaric habitat development for the SEAORBITER project including an open-sea astronaut EVA simulator under the leadership of Jacques ROUGERIE. Study and development of sub-aquatic habitats such as AQUABULLE and HIPPOCAMPE.

· EVEREST-COMEX’97 simulation of a 35-day Himalaya expedition to an altitude of 8 848m in an hypobaric habitat.

For relevant publications see Appendix B.

	Role within SHEE

	WPL7 (Assembly, integration & test) and task leader for all work related to the ECLSS (WP3 Task 3.5, WP4 Task 4.3 and WP6 Task 6.4), as well as partner in all other work packages.

	Key Personnel

	Dr. Peter Weiss: WPL7, WP3 Task 3.5 , WP4 Task 4.3, WP6 Task 6.4

Dr. Weiss is the Project Manager at COMEX in charge of space projects and EVA simulation. Peter worked, before joining COMEX, at the Hong Kong Polytechnic University on the development of the robotic sample preparation system on board the PHOBOS-GRUNT mission, at Cybernétix in the field of subsea robotics, at the MIT, Boston on the development of artificial muscles for self-transforming robotic planetary explorers and at the DLR, Oberpfaffenhofen on a motor drive of a lightweight robot arm.

Dr. Bernard Gardette: Participant in all tasks performed by COMEX

Dr. Gardette is the Scientific Manager at COMEX. Bernard has 40 years of experience in the development of equipment for deep diving and long duration dive systems. He notably participated in all major diving programmes of COMEX, such as HYDRA 8, the deepest dive in open sea, HYDRA 9, the longest dive (74 days), and HYDRA 10, the world’s deepest dive in chamber (701m). Bernard holds a Doctorate of Science on Hydrogen breathing mixtures and a Doctorate on Neurophysiology.
Lionel Negrel: Participant in WP Task 3.5, WP4 Task 4.3 and WP7

Mr. Negrel is Project Manager at COMEX and specialist on Life Support Systems. Lionel worked on various systems to detect and monitor pollutants in air and water in projects for the French Atomic Commission CEA and World Bank.
Olivier Tessier: Participant in WP7
Mr. Tessier is Hyperbaric / Life Support System Technician at COMEX. He has over ten years of experience in the development, maintenance and operation of Life Support Systems used for diving simulators and pressure chambers. 


B.2.2.1.6 Sobriety s.r.o., Partner 6

	Name
	Sobriety s.r.o.
	Short Name
	SO
	Partner No
	6

	Sobriety s.r.o. (SO) was established in 2002 as a supplier of numerical simulations specializing on CFD and FEM calculations (aerodynamics, thermodynamics, thermo-mechanics and mechanics). SO supports the products being developed from their first concept designs to their final product stage by its expertise using advanced CAE tools performing virtual testing and optimization of prototypes with subsequent validation tests. Our traditional customers are automobile manufacturers such as Skoda Auto, VW, BMW and Honeywell. SO is also active in the aerospace sector, it is a member of the Czech Space Office.

	Relevant Expertise

	SO has been involved in a few space projects relevant to SHEE and in a large number of automotive projects:

· A Lunar Base with Astronomical Observatory, 2010, Private initiative.

· Omicron space habitat—research stage II, 2011, Private initiative.

· Management of virtual car simulation models from concept stage up-to serial stage. Performing the wide range of the computational simulations on those virtual car simulation models e.g. strength and stiffness analysis, analysis of thermal conduction, convection and radiation, dynamic and fatigue analysis, HVAC, passenger thermal comfort, etc. So far we have participated in these Skoda Auto projects SK24, SK24RS, SK250, SK251, SK258, SK25RS, SK34, SK35, SK35RS, SK45, SK46.

For relevant publications see Appendix B.

	Role within SHEE

	Technical expert on the field of CAE numerical simulations, virtual testing and design optimization.

	Key Personnel

	Dr. David Ševčík: WPL5, WP5 Task 5.1

Dr. Ševčík is project manager and a scientific worker at SO since 2005.  He has repeatedly succeeded in managing a number of the commercial large-scale automotive research projects in SO. He is qualified for a Type C certification by IPMA and has his knowledge of FMEA for project and developed products risk control. He has been actively engaged in commercial research and design of CAE methodologies in SO. Since 2002 he studied doctoral programme at the Technical University of Ostrava which was successfully defended by his PhD thesis “Solving the filtration flow through the porous environment using CFD software” in 2005. In SHEE, Dr. David Ševčík will be responsible as Work Package Leader of WP5.

Dr. Milan Koukal: WP5 Task 5.2

He has been an employee of Sobriety s.r.o. since 2005.  He focuses on project activities related to CFD simulations of fluid flows and thermal analysis. Examples of his projects at Sobriety are turbocharger optimization, heat exchanger design, hoover inlets optimization, manifolds shape optimization, air moisture condensation preventers, piston shape optimization by engine cycle simulations and further on project development of multiphase flows focusing mainly on the movement of solid particles in a fluid environment. In 2003, he completed a master's degree at the Institute of Solid Mechanics, Mechatronics and Biomechanics, Faculty of Mechanical Engineering of Brno VUT. He graduated doctoral studies at the same institution in 2010. In SHEE, Dr. Milan Koukal will be responsible as a Task Leader for Task 5.2 in WP 5.

Vratislav Šálený: Participant in all tasks performed by SO
Founder of the SO company and its major shareholder. He has built a highly skilled team of CAE experts, who was involved in a large number of commercially successful projects. Previously he was a Technical Director and a shareholder of the Czech MSC.Software company office (1997 – 1999). Before, he was an employee of Strength Calculation Departments (1992-1997), involved in a number of aircraft projects. He has been one of the very first users of NASTRAN (NAsa STRucture ANalysis) software in the Czech Republic since 1990, after the fall of the import embargo. 1992 graduate of Institute of Aerospace Engineering, Brno University of Technology, with focus at strength design of aircrafts. In SHEE, Vratislav Šálený will lead a technical part of WP 5 as a technical expert for numerical simulations.


B.2.2.1.7 Space Innovations v.o.s., Partner 7
	Name
	Space Innovations v.o.s 
	Short Name
	SI
	Partner No
	7

	The Space Innovations was founded as an ISU spin-off company in 2011 as an expert virtual research studio for incubation of new ideas with particular focus on architecture and design in extreme environment, and outreach & education in this area. The establishment was driven by strong public and SME interest in the domain of habitats in extreme environment. The SI is currently collaborating on international level 

	Relevant Expertise

	Space Innovations have a long track of research in architecture theory with particular focus on Lunar and Martian habitats but also on design of microgravity environments (orbital habitats) and spacecraft interiors.

· The most scientifically and publicly successful concept is the MB10 (Mars Base 10) which was originally design by the SI founder (Dr. Doule) under lead of Dr. McKay from NASA ARC as analogue Martian base for 10 people (2008).

· In the design of the lunar habitats has the SI collaborated on three large research projects, LB10, ALERTS (risk analysis, assessment, and mitigation of human performed tasks on lunar surface during the lunar base construction and operations are suggested to be supplemented by specific robotic platform based on the task parameters) (2008). Another project is Sinterhab which is an experimental 3D printed concept of a lunar base utilising NASA components (2008).

· Project of an orbital habitat called Omicron is based on existing Russian flight proven space hardware. The Omicron project proposes innovative, safe, and comfortable interior and subsystem configuration that may be utilised in near future in the commercial human spaceflight

· Silverbird is a concept of a rocketplane which is being developed since 2007. This innovative concepts is particularly focused on safety of the passengers during suborbital and transcontinental flights

· SI is involved in reversed engineering activities of flight proven space hardware in collaborations with ISU

· SI is performing number of non-profit outreach activities regarding space architecture, in form of public lectures and presentations.

· SI is collaborating with ISU on space educational Space Studies Program where the SI founder chairs the Space and Society department.
For relevant publications see Appendix B.

	Role within SHEE

	WPL9, WP9 Tasks 9.1, 9.2, 9.4, WP2 Task 2.1, WP3 Task 3.2, 3.6, 3.7. Partner in all other work packages.

	Key Personnel

	Ondrej Doule: WPL9, WP9 Task 9.1, 9.2, 9.4, Partner in all work packages.
Dr. Doule is a pioneer in the space architecture, architecture theory focusing on innovative self-deployable structures for space applications and transfer of space technologies and systems for terrestrial applications. Dr. Doule has research experience from NASA ARC as principal space architect on Martian base concept. He is very active in the space architecture outreach domain worldwide as an ISU resident space architect. As an ISU lecturer and ISU alumnus he established a research studio with focus on innovations and outreach in space architecture. Dr. Doule is chairing space architecture sessions at AIAA ICES conference and also the Space and Society department at the ISU Space Studies Program. Dr. Ondrej Doule will be responsible for outreach, dissemination and graphical presentation of the SHEE results and for habitat operations training.

Tomas Doule: Participant in WP9 Task 9.1, 9.2, 9.4

Tomas Doule is a marketing and project manager with more than 7 years of experience in leading small and large international projects with international company FOXCONN. Mr Tomas Doule has broad overview of management tools and methods. Mr. Doule will support the activities within the WP9 regarding planning, management, marketing, public relations and web design.


B.2.3 Consortium as a Whole

B.2.3.1.1 European added value of the Consortium
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Figure B.2‑2: SHEE consortium 
The SHEE consortium brings together European experts in the areas of space and terrestrial architecture and construction, construction for extreme environments, robotics and robot autonomy and co-operation, and engineering and simulations for space systems. All of the involved research institutions and SMEs have competence in at least one of these areas, enabling a close cooperation within the individual work packages (Figure B.2-2).
The criteria for deciding the consortium composition were the following:

1. Participation of organisation with interdisciplinary knowledge of space sector

· The International Space University is the only institution in the world focused on interdisciplinary education in the space sector. ISU has access to a broad worldwide collaborative network of experts available for consultancy and thus has the possibility to initiate communication or collaboration in almost any world known space domain or industry. ISU initiated the SHEE project and its participation is essential since the nature of the project is interdisciplinary and requires diverse international partners.

2. Participation of organizations with extensive experience in terrestrial and space architecture, infrastructure and the technical specification of robots for future planetary exploration missions, including the Moon and Mars.
· LIQUIFER Systems Group comprises an interdisciplinary team of experts and has proven experience in the development of specifications for technical systems for planetary exploration, including lunar and Mars exploration. Additionally, LSG has built the space architecture field in Europe and has been widely recognized within the respective communities in ESA and NASA.
· Space Application Services has proven experience in the development of specifications for technical systems for planetary exploration, including lunar and Mars exploration. SAS has proven experience in robotics in a wide scale of applications, e.g. by the development of a haptic force-feedback exoskeleton and by robotic projects involving rovers and the human interface to these rovers via a base station.
· Space Innovations, although it is a young research establishment, it is successful in designing and researching on habitat concepts for space applications. The SI focus is on self-deployable systems, autonomous and self-sustainable system concepts. The SI is also very active in public outreach addressing the need for general information dissemination about space architecture discipline and its contribution to the terrestrial building sector
3. Participation of leading research centres and firms in the area of autonomous robotics.
· The Technology Institute of the University of Tartu is represented by experts with knowledge from diverse fields of expertise, to develop new materials and their control and applications. Exploitation of innovative materials will in turn permit building devices, different and in many ways superior to conventional machines.
4. Participation of experts in the area of exploration in extreme environment
· COMEX was a pioneer in the development of equipment for human and robotic intervention underwater and has developed since the 1960s devices that allow humans to live and work in extreme environments. The company will bring its expertise in the development of air regeneration, monitoring and life support systems into the SHEE project.
5. Participation of experts in the area of mathematical modelling, optimisation and digital prototyping
· Sobriety is a highly skilled team of experts on the field of CFD and CAE analysis, who has proven its experience in a large number of commercially successful projects in the simulation development and optimisation of very complex digital prototypes mainly for global automotive brands such as Skoda Auto, Volkswagen, Honeywell, BMW. 
B.2.3.1.2 SME and industrial involvement

The consortium is well balanced with respect to partners from academia and small industrial firms  and comprises:
· Two universities / research centres: the International Space University (ISU) and the University of Tartu, Estonia (UT), and

· five SMEs, namely, LIQUIFER Systems Group (LSG), Space Applications Services (SAS), COMEX S.A. (CO),  Sobriety s.r.o (SO) and Space Innovations v.o.s. (SI), the last two being located in the Czech Republic.

B.2.3.1.3 Involvement of partners from other space-faring nations
The consortium of European experts in planetary exploration, robotics and architecture is complemented by the active involvement of US experts from NASA JPL research centre and the Massachusetts Institute of Technology, as well as an expert from Japan, in the Scientific Advisory Board. The research centres in the USA are at forefront of space-related robotics research, including future NASA missions to Mars. Here, the SHEE team will have access to valuable expert knowledge and insights in the US research agenda for planetary exploration through the involvement respectively of Dr. A. Scott Howe, Dr Steven Dubowsky and Tetsuji Yoshida from CSP‑Japan. In addition, Tracy R. Gill, a systems integration engineer from NASA Kennedy Space Center and Dr. Milan Cermack, a specialist in human physiological effects in extreme environments will complement the SAB. (See Appendix C for CVs) 
B.2.3.1.4 Consortium overview
Table B.2‑3: Consortium overview

	Consortium Overview

	Participant
	Business activity / Main mission /

Area of activity
	RTD role in project

	RC
	ISU
	Non-profit educational research
	· WPL8

· Participant WP2 Task 2.1, WP3 Task 3.7, WP4 Task 4.1, WP5 Task 5.5, WP6 Tasks 6.1 and 6.6, WP7 Tasks 7.1 and 7.3, WP 8 Tasks 8.1 and 8.2

	SME
	LSG
	Industrial space technology research company (SME)
	· WPL2, 3 and 4

· Task leader 2.1. 2.2, 3.2, 3.3, 3.6, 4.4, 6.5
· Partner in Tasks 3.7, 5.4, 6.2, 7.3, 8.1 

	SME
	SAS
	Industrial space technology research company (SME)
	· Task leader 3.1, 4.1, 5.4
· Partner in Tasks 2.1, 3.6, 4.5, 7.3, 8.1

	RC
	UT
	Non-profit educational research
	· WPL6
· Task leader 3.4, 4.2, 4.5, 4.6, 5.3, 6.1, 6.2, 6.3, 6.6
· Partner in Tasks 7.1, 8.1

	SME
	CO
	Industrial space technology research company (SME)
	· WPL7 
· Task leader 3.5, 4.3, 7.1, 7.2, 7.3
· Partner in Tasks 2.1, 3.6, 8.1 

	SME
	SO
	Industrial space technology research company (SME)
	· WPL5
· Task leader 5.1, 5.2, 5.5

· Partner in Tasks 2.1, 3.1, 4.1, 6.1, 6.2, 6.3, 6.4, 6.6, 7.3, 8.1

	SME
	SI
	Space technology and architecture research company (SME)
	· Participant WP2 Task 2.1, WP3 Tasks 3.2, 3.6 and 3.7, WP4, Task 4.4, WP5, Task 5.1, WP6 Task 6.5, WP7 Task 7.1, WP8 Task 8.1


B.2.4 Resources to be Committed

B.2.4.1 Project resources and budget overview

The project funding prospects have been calculated and built upon the assumption that each partner has available sufficient financial resources to be allocated to the project to face its respective and agreed part of project funds.

The SHEE project will require a total project budget of  2 477 629 €, including a contribution of 1 967 227 € from the European Commission, 62 % of which is allocated to SMEs.

Table B.2‑4: Summary of overall cost breakdown

	Beneficiary
	1
	2
	3
	4
	5
	6
	7
	Total

	
	(MGT)
	
	
	
	
	
	
	

	
	ISU
	LSG
	SAS
	UT
	CO
	SO
	SI
	

	Personnel
	280 500
	220 337
	199 375
	182 000
	226 800
	112 256
	64 900
	1 286 168

	Indirect costs
	64 000
	154 222
	136 385
	205 500
	171 600
	71 674
	48 480
	851 861

	Durable Equip. & Consumables
	0
	15 000
	0
	140 000
	46 800
	0
	0
	201 800

	Travel
	4 500
	11 700
	12 600
	7 500
	10 400
	7 200
	11 400
	65 300

	Subcontracting
	0
	0
	0
	0
	0
	0
	0
	0

	Audit
	0
	0
	0
	3 000
	0
	0
	0
	 3 000

	Other Costs
	35 000
	10 000
	8 000
	10 000
	2 000
	0
	4 500
	69 500

	Total Cost
	384 000
	411 259
	356 360
	548 000
	457 600
	191 130
	129 280
	2 477 629

	Cost Model
	Standard flat rate
	Specific flat rate 
	Real

indirect

costs
	Specific flat rate 
	Specific flat rate 
	Specific flat rate 
	Specific

flat rate
	

	EC Contribution

Requested
	327 570
	334 702
	276 803
	416 920
	352 200
	146 532
	112 500
	1 967 227

	%
	85
	81
	78
	76
	77
	77
	87
	79

	% Overheads
	20
	60
	62
	60
	60
	60
	60
	

	PMs
	27.5
	26.5
	25
	50
	30
	32
	11
	202
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Figure B.2‑3: Budget cost categories
The distribution of funding for RTD (82 %), MGT (8%) and Other activities (10 %) is outlined in Figure B.2‑3. 

B.2.4.2 Personnel costs

The duration of the project is 36 months. The largest part of the project’s total resources is dedicated to personnel costs (see Figure B.2-4 below).
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Figure B.2‑4: Budget cost categories distribution

The distribution of personnel resources between the different WPs is shown in the table below.. The bulk of the resources are allocated to WP3, WP4, WP5 and WP6, i.e. the four work packages in which the main RTD work will be done. Assembly, integration and testing and system validation and testing (WP7) also have a high priority.
Table B.2‑5: Distribution of personnel resources

	WP No
	Title
	PMs
	%

	WP1
	Project Management
	
12.5
	

6.2

	WP2
	Review state-of-the-art of robotics and architecture
	
8.0
	

4.0

	WP3
	Concept identification and selection
	
20.5
	

10.1

	WP4
	System engineering and detailed design
	
41.5
	

20.5

	WP5
	Design optimisation and digital prototyping
	
32.0
	

15.8

	WP6
	Self-deployable habitat technology testbed manufacture
	
47.5
	

23.5

	WP7
	Assembly, integration and testing
	
16.0
	

7.9

	WP8
	Habitat operations
	
7.0
	

3.5

	WP9
	Dissemination and Outreach
	
17.0
	

8.4

	Total
	
202.0
	
  100.0


B.2.4.3 Travel
Resources allocated for travel and accommodation account for 65 300 €. This budget corresponds to about 2.6 % of the overall project cost. The budget represents the estimated costs for the full consortium to attend the meetings listed in the SHEE meeting schedule (Table B.2-6) and up to two additional technical meetings. Additional progress meetings (two) have been planned for ISU and LSG. The cost estimates are based on the assumption that each partner attends the meetings with two persons, with travel costs between 700 € and 800 € per person.

It should be noted that the costs for travel and subsistence for the Scientific Advisory Board are included under Other costs and will be managed by the ISU (WP1 Project Management) – See Section B.2.4.7
Table B.2‑6: SHEE meeting schedule

	No
	Meeting
	Location

	M1
	Kick-off
	ISU, Strasbourg, France

	M2
	Selected system concept 
	LSG, Vienna, Austria

	M3
	Workshop 1
	UT, Tartu, Estonia

	P1
	Progress meeting 1
	UT, Tartu, Estonia

	P2
	Progress meeting 2
	CO, Marseilles, France

	M4
	Workshop 2 – Operational hardware and software
	CO, Marseilles, France

	M5
	Final Meeting
	ISU, Strasbourg, France


B.2.4.4 Material and equipment

A total of about 201 800 € has been allocated for materials and consumables. These materials are primarily used to build the hardware testbeds. A detailed list of material and equipment costs is given in Table B.2-7. It has to be pointed out that, given the ambitious objectives of the proposal; these costs could be kept relatively low only because of considerable contributions of material and facilities by the project partners that were not budgeted in the proposal (see Table B.2-8)
Table B 2‑7: Material and equipment

	Partner
	Cost (€)
	Description

	1-ISU
	None
	

	2-LSG
	15 000
	Material costs for habitat testbed internal furnishing (WP6 Task 6.5). The interiors will be low-fidelity elements which can be assembled to show how humans can live in SHEE. They consist of three main element layers:
Substructure
€ 4 500

Joints
€ 1 500

Finished surface (also using digital fabrication methods)
€ 9 000

	3-SAS
	None
	

	4-UT
	140 000
	Materials for habitat testbed manufacture (structure and robotics) (WP6):
Solar panels

€ 20 000

Robotic actuators

€ 30 000

Heating system

€ 10 000

Batteries 4 kW+ control

€ 10 000

Electronics

€ 10 000

Accessories

€ 15 000

Materials (Al, carbon fibre, Daktron)
€ 45 000

	5-CO
	46 800
	ECLSS components (WP6):
Air regeneration (CO2 Scrubber)             
€ 18 000 

Air filters (odours)                                   

€ 1 100 

Water recycling (filters)                            

€ 14 500

Monitoring devices (CO2, humidity)       
€ 5 200

Mechanical structure                                 
€ 6 000

Piping                                                          
€ 2 000

	6-SO
	None
	

	7-SI
	None
	


B.2.4.5 Audits

Audit costs have been considered for 4-UT to get a certification by a third party concerning the costs they incurred in the relevant reporting periods. Audit costs range between 3 000 € and 3 500 €. The budgets for 1-ISU, 2-LSG, 3-SAS, 5-CO, 6-SO and 7-SI are below the threshold for an audit.
B.2.4.6 Subcontracting

There is no subcontracting foreseen in the project.
B.2.4.7 Other costs

The budget of ISU, LSG, SAS, UT, CO and SO contains other costs (Table B.2-4) for the following reasons:

· ISU has assigned 35 000 € for travel and subsistence of the Scientific Advisory Board. The five system engineers/ scientists serving on the SAB will be invited to three meetings. Taking into account that three members are located in the USA, one in Canada and one in Japan, the average cost for one travel per person was estimated to be approximately 2400 €. 

· LSG has assigned 7 000 € for an animation (WP9), 1 000 € for a photographer for SHEE (WP9) and 2 000 € for transporting interior furnishing elements to COMEX (WP7)

· SAS has assigned 8000 € for upgrading their CAD/CAE system with specific add-on modules needed for the work to be performed in WP4.

· UT has budgeted 10 000 € for transporting the habitat testbed from Tartu to Marseilles

· COMEX has budgeted 2 000 € for transporting the habitat testbed from Marseilles to Strasbourg 
· SI has assigned 4500 € for the preparation and execution of the SHEE workshops and other consumables associated with the dissemination activities (e.g. printing material, conference costs, advertising costs). Contributions of facilities and equipment by partners.
All of the above described amounts are indicative and results of best reasonable estimates at the time of submission of this document. They can be subject to significant revision due to changes in market pricing of the equipment concerned, revision of the project in case of risk/contingency re-planning or the use of alternative habitat testbed configurations.
The ambitious objectives of SHEE can be achieved within the limited budget of the project because the SHEE consortium not only has considerable know-how and expertise in the area, but is also able to contribute a considerable amount of research facilities, equipment and material to the project. (See Table B.2-8)
Table B.2‑8: Contributions of facilities and equipment by SHEE partners

	Partner
	Available resource
	Used for

	1-ISU
	Clean room / assembly room / testing room:
· Large room designated to space hardware assembly and testing is available at ISU. The room area is 115 m² and height 6 m. The room access is provided through an external gate.
· The ISU clean room has direct access to robotics and measuring laboratory through second internal gate.

· The ISU clean room is secured by an independent security system (multi camera, motion sensor monitoring system) and can be accessed only by designated personnel (Dr. Doule) using a fingerprint access.

· The room will be reserved for the testing based on the SHEE testing period in the planned schedule and access will be provided to WP8 leader Prof. Clément for designated testing period.

· The secured room will also serve as a primary storage place for the SHEE habitat package when not in use.
	WP8 Habitat operations

	4-UT
	Manufacturing, assembly and test facilities and equipment:
· 3-axis milling with linear positioning accuracy ±0,004 mm (DMC 635 V) and 5-axis simultaneous milling (DMU 40 Monoblock)

· turning on the 5-th generation of CNC Universal Lathe NEF 400

· Computer controlled laser and plasma cutting

· bending, cutting, stamping, measuring

· YAG Laser marking (PCB, PVC, Anodized and Painted Aluminium, Precise Engraving in Steel, Black Anneal on Stainless Steel and Titanium, Plastics, Labels, Ear tags, Metal jewellery, Metal nameplate)

· PCB prototyping:
· Up to 8-layer multilayer PCB capacity;

· Efficient prototyping of complex digital and analogue circuits, and HF and microwave PCBs, up to 229 x 305 mm in size;

· High-speed and precision PCB laser structuring;

· Materials: copper-coated FR4, aluminium-coated PET films, ceramics, TMM, Duorid or PTFE;

· High precision milling and drilling PCBs including RF and microwave circuits;

· Contour routing of PCBs;

· Flexible and rigid-flex circuit milling;

· Reverse pulse electroplating and tinning;

· Gold and silver plating

· Mask and legend printing with lettering from the size of 2 mm.

· UT has electronics testing and developing lab with ESD requirements filled.

· UT has capabilities of Computer Aided Design (CAD), Computer Aided Engineering (CAE):

· 3D designing of parts and constructions (using latest SolidWorks, Unigraphics NX, 3ds Max and other professional software)

· Creation of design documentation (drawings, specifications, etc.)

· Simulation of movement.

· Production of spatial images

· Analysis of part design. Design safe, efficient, and economical products.

· Designing of moulds

· The UT has open area territory next to the institute size of 2 ha (approx). Institute itself has open area secure territory up to 1000 m².
	WP6 Self-deployable habitat technology testbed manufacture


	5-CO
	Manufacturing, assembly and test facilities and equipment

· COMEX provides access to a Hydrosphere testing facility. (The Hydrosphere in SHEE will be used as test chamber for the validation of the ECLSS. This facility is originally built as a simulator for underwater operations. With its 5m diameter sphere it can be used as test chamber for equipment in hypobaric conditions (i.e. Martian atmosphere). It also includes a fully equipped habitat for eight persons.)
· COMEX is equipped with room for assembly and testing of the SHEE ECLSS hardware and with secured room for ECLSS integration and habitat hardware storage prior to the planned transport 

· An assembly hall for assembly, integration and testing the complete habitat testbed will be made available on COMEX’s premises.
	WP6 Self-deployable habitat technology testbed manufacture
WP7 Assembly, integration and testing




B.3 Impact
B.3.1 Expected Impact listed in the Work Programme

Table B.3‑1: SHEE impact
	Expected Impact
	SHEE impact

	New innovative concepts and technologies are expected to be presented, by the project addressing call SPA.2012.2.2-02.
	SHEE concept is presenting unexplored means of the integration of a number of cutting edge technologies in a complex habitat system that was never explored and tested as suggested in the SHEE project scope. Development of the robotically autonomous foldable and deployable habitat will bring a significant level of advancement to the European space sector and specifically will enhance the area of human spaceflight. 

	Opening of new avenues of research
	Robotic construction integrated into architecture is currently at a very low level of technology readiness and thus SHEE will address the significant gaps in this area to progress the research in the area of extra-terrestrial habitats and provide a feasible solution for near term human space exploration.

	Strengthening the future potential for high-risk/high-impact research and innovation
	The overall goal of the SHEE project is to address three key technology developments for planetary exploration:

· Develop a hybrid structure system for a self-deployable, autonomous habitat

· Innovative way of habitat design integrating robotics into architecture

· Integration of ECLSS systems and infrastructure into the functional prototype

The final product will be a functional habitat testbed, showing in a tangible way the high impact of the above mentioned technology developments. Furthermore the functional habitat testbed will allow further testing and future developments after the SHEE project has finished.

	Broadening range of available technologies in Europe and potentially disruptive technologies that would bring European sector to technological leadership are of an interest.
	The SHEE habitat has potential to be a disruptive technology on a global level and may bring European space sector to leadership in space habitat design with particular focus on planetary bases. The SHEE habitat follows general strategy of major space agencies which re-focus on robotic technologies for reasons of safety and lower cost. The SHEE project addresses these aspects of current trend and provides a solution that will be well competitive with current habitat design approach of major space agencies (and possibly leading the area of space planetary surface habitat strategies). The potential for the SHEE concept may be also well utilised in the terrestrial domain as a space technology Spin-Off. These types of structure may reach worldwide market in area of self-sustainable habitation in nominal or extreme conditions without technical infrastructure.

	New partnerships should be established in the European research domain. The international relationship with established space powers is considered as added value to European space activities.
	The SHEE consortium is a newly established partnership of experts coordinated by the ISU. This type of project will enhance and strengthen connections throughout Europe and, hopefully, will provide more opportunities for collaboration in the future. The link to the established space powers is also made by enabling the worldwide experts to be a part of the SHEE Scientific Advisory Board. The connection with the established space powers will be strengthened during the project duration and with the help especially of ISU’s international network.

	Enhancing the relations with established international space powers (to add value to European space activities)
	The SHEE advisory board consists of five international experts who have competence in architecture, robotic space exploration and science exploitation. Although they are not partners of the consortium, their input is extremely valuable to the overall outcome by giving perspective and guidance on the needs of the planetary science and exploration communities. In this manner, they will help ensure that this European project provides scientifically valuable technology concepts. 

	Contributing to new research alliances
	The SHEE consortium consists of five SMEs and two universities, from five different countries: Austria, Belgium, Czech Republic, Estonia and France. Some of the partners are not fully familiar with the space research/sector, hence the SHEE consortium can be truly seen as a new research alliance.  


B.3.1.1 Necessity to have a European approach
One of the drawbacks of the European space programme is a lack of dedication to human spaceflight. The SHEE consortium of universities and small medium enterprises would like to address this gap and point out the strong interest of the public European domain in human spaceflight. The SHEE consortium also wants to point out that the expertise and knowledge for enhancing technologies for in-space activities can be well found in the Europe and that a well integrated multinational European team is capable of developing cutting edge innovative hardware for space applications. 

The consortium is aware that more bonding within the EU is needed and that local intellectual resources should be better utilized locally (in EU) rather than letting them escape abroad for other research opportunities. The SHEE project may well attract European researchers and research institutions once completed and a further stage of the SHEE habitat maybe the first spaceflight-ready lunar habitat developed in partnerships with European experts and European institutions. 
The consortium hopes that the European Commission will find the SHEE project as an important element of EU research activities and that the SHEE project will be only a starting point for more and larger projects of similar character that will help to better integrate European research capacities and will help the EU to be a leader of  space technology development in the future.
B.3.1.2 SHEE contribution to economic growth and improved competitiveness
The SHEE project can contribute to the general competitiveness of Europe in the area of innovative technologies for the space sector and will help stimulation of research in SMEs and EU universities. The SHEE project output  (the habitat testbed/simulator) will serve as a unique outreach tool addressing a number of important aspects influencing directly the economic growth and those with particular sustainability issues related to building energy management, rapid construction techniques using robotics, application of water and air recycling systems and aspects of effective integration of systems for the building industry with particular focus on effective utilization of small or confined spaces for living. These innovations, but mainly the integration of innovations in the building industry, may be a strong stimulant of the economic growth in EU. 

Another area of economic interest is to confirm the SMEs’ strong interest in space technologies and applications and their willingness to invest in research and development of space hardware. This aspect of the EU economics and support for the SHEE project may bring even more interest in projects of a similar kind in the EU. Space exploration not only within human spaceflight but also architecture, civil engineering a living environment of a human on Earth will need to significantly transform to address requirements of the 21st century on faster development and sustainability addressing more personal needs. The SHEE project is addressing these areas and provides an insight into possible solutions, technology integration and strategic planning of European sector development in the future.
It is a high strategic priority of the SHEE consortium to make sure that the SHEE product will have well planned effective life time activities and that the output of the research will not only be connected to further research development on the next habitat version but also with commercial applications in terrestrial and space sectors with particular emphasis on applications in the EU.
B.3.1.2.1 Contribution to space research and industry

SHEE will contribute significantly to the advance of space robotics research and space robotics system development in Europe. The project will help to maintain and improve the competitive edge of European research and development on space robotics towards the other space-faring nations. The particular emphasis on habitat design and its reusability will help to Europe to penetrate a new domain of planetary surface habitats in space.
B.3.1.2.2 Contribution to non-space robotics research and industry

The terrestrial applications of the SHEE are one of the very strong aspects of this project. The applied robotics in civil engineering and in the construction process in the building industry is currently being explored without major applications. The rapidly autonomously deployable robotic structure may have number of benefits for the terrestrial building industry and other areas addressing autonomous deployable/foldable structures.
The direct application of the SHEE habitat is in utilization of an autonomous habitat that can be placed anywhere on land without major prior preparation of the building site. That means that the habitat will have all necessary systems pre-integrated and folded. The only human intervention during such habitat construction is managing logistics of the folded structure and activation of the system deployment. 
By providing this habitat system, almost the entire construction process will be integrated within the habitat technology systems and no significant traditional construction processes would be needed. This building strategy also mitigates any human risks during the construction process. Specific subsystems or integrated habitat will be a significant contribution to a non-space research and industry worldwide.
B.3.1.2.3 Market potential

The market for the deployment and utilization of conventional industrial robotics e.g. in large-scale automated manufacturing is becoming saturated. However, new potential market directions for the European robotics industry include applications in a wider spectrum of industry sectors such as security, space exploration, subsea exploration and offshore industries, food processing, energy, transport and logistics, and civil engineering and architecture.

These opportunities present new challenges on the provision of affordable and flexible robot automation technologies. These meet the needs of many application sectors and will therefore increase the demand for productivity in the European economy when deployed in European market segments.

Currently, the general strategic behaviour of the major European robot manufacturers is to focus on new market areas and depart from the more conventional industrial robots, while maintaining market shares in that segment. 

The new, potentially disruptive, technologies developed within the SHEE project may address much broader markets including civil engineering and architecture. Specific market areas will be markets with sustainable technologies and sustainable “green” living and operation of a private house. The resources required by every house may be minimised if the SHEE concept or design strategy is applied. The closed-loop systems that are indigenous to the space sector may come into everyday life. The potential SHEE habitat strategy users are individuals that are aware of sustainability importance, who want to save natural and personal resources while living in an artificial environment (house) and who want to utilize latest technologies effectively for better work performance and in daily life.
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Figure B.3‑1: Global comparison of production of robots (left) and industrial infrastructure for robotics (right)

Figure B.3-1 (left) provides an overview of the position of Europe versus other economical zones. Figure B.3-1 (right) compares Europe with other regions based on the means of robot production and commercial operations. Europe has similar capabilities that the other major leading economical zones in terms of robot production and marketing and is therefore well positioned to compete globally.

Europe has several clusters of expertise in robot systems integration and manufacturing and is also well positioned with respect to robotics technology innovation and design. This will be key to the development and adoption of new robot types and solutions. European robot sales growth rates are expected to be medium over the next 5 to 10 years and will largely depend on the success of the new robot types and applications.

The solutions developed within SHEE are expected to benefit the increased uptake of robots and robotics solutions for the aerospace domain such as for space exploration and for habitation support. They are, however, also expected to directly benefit terrestrial-related application domains such as search and rescue related operations or in support of first responders (e.g. fire-fighters, rescue workers, etc) during natural disaster emergency/crisis operations, restoring of peace and safety following terrorist attacks, etc.

B.3.1.3 Contribution to complementarities with already existing RTD Projects

SHEE will try to optimize synergies with past and ongoing relevant research. If not yet done, the TM and the EDM will establish contact with ongoing research projects (both on an international, European, and national level) and invite representatives of these projects to the SHEE workshops for exchange of ideas and results. The following list provides a sample of relevant projects.

Table B.3‑2: Relevant projects by the SHEE partners
	Project name
	Funded by
	Topic
	SHEE partner involvement

	NordicBaltSat
	EU FP7
	Strengthening the relationship between European Space Agency Member States and non-member states as emerging space countries. The wider aim of this two year project is to determinate space capabilities and potential of Polish and Baltic countries and to bring that information to interested cooperation parties worldwide.
	ISU

	FinanceSpace
	EU FP6
	The successful development of small and medium size enterprises (SMEs) in the space industry along with a flourishing entrepreneurial environment is seen as is a prerequisite for a competitive, sustainable and innovative space industrial base. The FinanceSpace tools report aims to provide a framework for analysing the problems and companies wishing to start-up in the space industry are faced with, as well as, provide tools of assistance in their search for funding.
	ISU

	Definition Study of a Facility for Integrated Planetary  Exploration Simulation (FIPES) 

2005-2006
	ESA
	Facility for simulating complex planetary  exploration missions (including habitation and EVA) for durations up to 500 days
	LSG

	Long Term Habit-ability & Ergonomics 

study  (LTHE)

2003-2005
	ESA
	• 
Literature review to establish the ‘state-of-the- art’ in crew habitability and ergonomics;

• 
Development of a trade-off methodology to support the design and assessment of crew habitats;

• 
Development of habitat designs for a reference Mars mission making use of the methodology;

• 
Identification of strategies for the mitigation of risks in crew habitat designs;

• 
Specification of a modelling tool for habitat design;

• 
To establish a road map for future work.
	SAS

	Pressurised Lunar Rover (PLR)

2008-2009
	ESA
	In relation to the Aurora Core Programme activities, the PLR study makes use of the already performed studies and design work performed in Europe and defines the over-all preliminary requirements and conceptual design for a Pressurised Lunar Rover (PLR) System, which fits into the emerging architectures related to lunar exploration.

The study included amongst others the conceptual design of a Pressurized Lunar Rover: to provide definition of configuration, layout and functional architecture of the preferred solution resulting from the execution of trade-offs.
	SAS

	VENUS
	EC FP6
	Virtual ExploratioN of Under-water Sites (VENUS) by subsea robots and image processing.
	COMEX


B.3.1.4 Contributions to standards
At present there is a lack of technical standards with respect to robotics. This is even more the case with respect to the use of robotics in the aerospace domain. Some elements related to robotics have been addressed in the ECSS E-60 (Control Engineering) and ECSS E-70 (Ground Systems and Operations) especially related to PUS (Packet Utilization Standard).

SHEE intends to inform ECSS on its developments in order to assess how some of these developments might be incorporated in future ECSS-related standards. 

SHEE will also approach other standardisation bodies such as IEEE, ISO, ASTM and JIS to assess how some of its developments and study results can be considered for adoption in standards emanating from these organizations.

B.3.1.5 Relevance to European Union policies

By developing key technologies for space exploration, SHEE is in line with the EU Lisbon Treaty which in article 189 confirms the strategic importance of space for the European Union and strives to strengthen the European Union’s competence in the area of space.

In addition to improving the use of robots in planetary exploration, the technologies developed in SHEE will have a significant impact on the use of robots in terrestrial applications. In particular those areas where collaborative autonomous robots are needed to operate in difficult and unknown terrain, e.g. in Search and Rescue applications, in environmental monitoring, or the exploration of the subsea, the methods developed in SHEE (in particular the method for robot collaboration and autonomy) will push the current state-of-the-art. SHEE thus conforms to the goals and objectives of the Strategic Research Agenda of the Technology Platform for European Robotics, EUROP, issued in 2008. The EUROP SRA names robots for exploration or inspection as one of the main application areas of robots in the future. SHEE will expand the use of robots in building technology.
Bundling and strengthening the scientific expertise in space exploration robotics in Europe follows the Communication on the European Space Policy adopted in 2007 by the Commission and the ESA Director- General. This communication calls for invest to maintain technological expertise as well as knowledge in space-based science and space exploration. Through the establishment of a close cooperation with US space robotics research (through the scientific advisory board), SHEE takes account of the need for a more coordinated and coherent approach to international relations in space, as expressed in the European Space Policy.

The scientific significance of SHEE is accompanied by the industrial relevance of the project. The strong participation of research institutes and SMEs in the SHEE consortium will help to increase the competitiveness of these types of organizations in space research. This is in line with the EU Competitiveness Council’s 2009 resolution that named space technologies as one of the six highly innovative technologies to play a key role in the Economic Recovery plan.

The expected economic impact of SHEE is in line with the general Europe 2020 policy which calls for an improvement of the European economic sector through, among others, better opportunities for space related industries.
B.3.2 Dissemination/Exploitation of Project Results and Management of Intellectual Property

The dissemination of the SHEE project findings is a core output and in consequence a separate work package (WP9) has been included solely for this purpose. This activity will be led by SI in collaboration with the ISU, both of whom have extensive experience in dissemination of information on scientific achievements and projects. The objective of the dissemination work is to ensure lasting and permanent impact of the SHEE project results on the one hand on future space missions, and on the other on any sector where robust autonomous and co-operative operation of robots under harsh and unknown environmental conditions is required. Moreover, dissemination work tends also to promote European space R&D activities worldwide in order to strengthen the European position in the world space technologies sector.

A methodology for dissemination will be prepared to ensure smooth communication between consortium partners and also between consortium and EC, space agencies and primarily European organizations. It will define targets, dissemination tools (website, newsletters, etc.) and the activities with their timing and implementation details. Moreover, industry conferences and forums will be also defined to ensure extensive spreading of information on SHEE activities by all the consortium partners.

B.3.2.1 Dissemination plan

The dissemination activities envisaged at the moment are as following:

A. Website

Creation of a dedicated website and its maintenance/update during all the project duration will be the responsibility of SI (with active contribution of all partners in the consortium). The project website is expected to be interactive, user-friendly and also gather all the non-confidential information on the project outcomes. The website will also feature newsletters for registered users, include links to other projects, provide information on the project and also consortium partners, enable feedback via e-mail or web form in order to gather questions, comments and ideas on the project outcome. This website will be optimized to facilitate its appearance in search engines. The website will also include an intellectual property page to encourage the participation of potential industrial partners to engage with the project. Any open source software developed by the consortium will be made available through this website.

An intranet page will be set up as a central information hub for all the consortium members and the EC relevant services, providing actual project documentation, an archive and a contact platform for the internal users. The intranet site will be admitted with a password, and few levels of confidentiality will be taken into account in accessing to its content. The WP9 leader will be in charge of the design and maintenance of this platform.

B. Publications and documents:

The following supporting tools will contribute in achieving the SHEE project’s goals:

· Project newsletters (month 12, 24 and 30; SI, with LSG active contribution), press releases at key milestones (SI with LSG and the active contribution of relevant partners) and circulation (all partners).

· Press coverage in relevant publications.

· Project final publication.
The dissemination of documents produced during the project will be carried out taking into account the type of deliverable: confidential documents will be disseminated only to the ISU and the consortium partners involved in the activity. Public documents will be accessible with no restriction, for promotion towards a wider audience than the project restricted reports.
C. Workshops:

The organization of two workshops will be done by the ISU (with active contribution of other partners) for selected attendees, amongst whom, the participation of consortium members, representatives from EC, space agencies and other primarily European organisations is envisaged. The two workshops will take place at the ISU. The first one will be a workshop to demonstrate the self-deployable habitat concept. The second workshop will be more concerned with dissemination and training the partners in this task and the agreed strategy.

D. Conferences, presentations, and journal papers:

It is expected that consortium partners will attend international workshops and conferences and publish in scientific journals in order to disseminate information on the project achievements. Moreover, it is expected to offer the support to ad-hoc meetings and reporting with the ISU (project coordinator). ISU will also prepare a public presentation and assure ad-hoc support to FP7 coordinators in its communication with the specialized press or scientific community on the outcomes of the project. Research publications and technical reports will be disseminated to industry and scientific communities with related research interests.

E. Publication Strategy: 
The following conferences and journals are targeted for publication of SHEE results:
1.
AIAA International Conference on Environmental Systems
2.
AIAA Space Architecture Symposium

3.
AIAA Space

4.
International Astronautical Congress

5. 
Advances in Space Research
6.
Planetary and Space Science 

7.
Nature
8.
IEEE Transactions on Robotics and Automation
9.
IEEE Transactions on Robotics
10.
International Journal on Robotics Research
11.
IEEE/ASME Transactions on Mechatronics
12.
Autonomous Agents and Multi-Agent Systems
13.
IEEE International Conference Robotics and Automation
14.
Advanced Space Technologies for Robotics and Automation Workshop
15.
IEEE International Conference Intelligent Robots and Systems
16.
SFF NewSpace Conference

17.
Journal of Construction Engineering and Management (American Society of Civil Engineers)
The consortium will avail itself of every other opportunity to exhibit the outcomes of this research by taking part in science festivals, university open days and other scientific exhibitions. Moreover, it also plans to initiate discussion groups at social and professional network services (facebook, twitter, linkedin, etc) in order to have feedback on the project.
B.3.2.2 Exploitation plan of the Project’s expected main results

The exploitation plan of the results will be defined in detail during the project. However, it is expected that the project will offer the basis for a more efficient robotic method of deploying habitable elements intended for planetary exploration missions targeting Mars, the moon and beyond. It is expected that the SHEE project will help to strengthen the position of European space technology organizations in the world arena. Moreover, some outcomes of the project could also address the needs of other industrial sectors, such as robotics, automation, etc. To promote exploitation activities, individual partners will present information about the SHEE project to relevant R&D agencies, industry companies and public authorities that could benefit from the project. Part of the exploitation effort will involve initial exploration of possible business models that could support future commercialization of the results.

Table B.3‑3: Exploitation of SHEE results
	Partner
	How the results will be exploited

	1
	ISU
	ISU as an academic entity pursuing the mission of “3-I” as international, interdisciplinary and intercultural for space knowledge, will implement an exploitation plan according to this paradigm. The results of the project will be exploited by these three adjectives, such as:   

–
International: ISU, thanks to its established network, will exploit the results among stakeholders at international level from Europe to the rest of the world;

· Interdisciplinary: ISU will identify the key-enabling disciplines with the earliest priority for the usages of results coming from the project;
· Intercultural: ISU will target national and cultural contests with high potential interests for the results of the projects.

	2
	LSG
	LSG as an SME will exploit the SHEE results with scientific papers and by contributions to books, patents. These are targeted towards future exploration programmes for the moon and Mars, as well as terrestrial applications (e.g. humanitarian missions, Antarctic/Arctic exploration, etc)

	 3
	SAS
	SAS as an SME will exploit the SHEE results with scientific papers. These are targeted towards future exploration programmes for the moon and Mars, as well as terrestrial applications (e.g. humanitarian missions, Antarctic/Arctic exploration, etc)

	4
	UT
	UT, as an academic institution, will pursue SHEE results exploitation through its academic activities and publications in specialist journals. Through their participation in the SHEE project UT will be able to diversify its activities into the field of space exploration.

	5
	CO
	COMEX development in the ECLSS will be used to extend our competences from submarine systems to aerospace applications. We have identified different applications and projects where the development of SHEE can be used in the future (potential mission simulations and with ESA and national entities).

	6
	SO
	Sobriety s.r.o. will exploit the expertise it gains by working with other European partners to develop a strategy which will allow it to participate in space projects supported by ESA and the Czech government.

	7
	SI
	Space Innovations will carefully identify the most effective ways of dissemination of the results in the public domain and will define the target audience. SI will consider a user friendly approach and easily understandable graphics design of the SHEE products to address also a non-expert audience. SI will perform dissemination of the SHEE project results on regular basis including website design and update, newsletter design, editing and distribution, posters design and distribution, and will represent the consortium in participation on major conferences with results achived during the project period (AIAA ICES, AIAA Space, IAC).

SI will also help to identify potential future research partners and parties interested in collaboration on further stages of the SHEE. SI is commited to provide a plan for SHEE habitat testbed demonstration activities for the years after its completition.

SI will also seek and address potential areas for terrestrial spin-offs from the SHEE project.


B.3.2.2.1 Scientific exploitation
The scientific exploitation will pursue an interdisciplinary strategic plan in order to share the results on two main clusters, such as “Space” and “Non-Space”. Per cluster the results will be addressed through the paradigm “PEST”, as “Political Economical Societal and Technological”. The following matrix illustrates the conceptual idea of the plan. During the deployment of the project, the key-enabling contents of each box will be identified and shared among the partners of the consortium. The implementation of this plan will be done through the consensus policy of the consortium. An ex-ante qualitative evaluation per each crossed area of the matrix is done. The evaluation has been done in terms of high, medium and low expected results. The evaluation is independent from the question which of the partners will support and/or deploy the required action. It is evaluated in terms of the expected scientific results as impacts to increase or upgrade the current settlement of knowledge related with the matters exploited by this project.

The matrix below shows that the intention is to stress the obtained results for the non-space sectors in order to enhance the issues of technology transfer, perused by definition of the settlement of FP7 policy.

	
	Political
	Economical
	Societal
	Technical

	Space
	Low
	Medium
	Medium
	High

	Non-Space
	Low
	High
	High
	High


B.3.2.2.2 Industrial exploitation
The exploitation of the results from the project will follow the same approach described in the previous paragraph, B.3.2.2.1 Scientific exploitation, i.e. through two clusters, “Space” and “Non-Space”. This method will guarantee a larger arena of dissemination and related exploitation. The industrial exploitation will also be led by the idea of open innovation in order to identify similar industrial needs from non-space sectors. This will enhance the key role of the project due to the potential gains coming from economies of scope of the same technology, developed by project, for a broader range of industry applications. An initial list of potential customers will be built up. A roadmap for product development beyond the end of the project will be identified. During the last phase of the project, the need for product development from internal investment sources, other funds and grants by agencies or venture capitalists, will be identified.
B.3.2.2.3 Exploitation by SMEs

The SMEs in SHEE (LSG, SAS, COMEX, Sobriety, Space Innovations) will use the technical methods and concepts developed in SHEE as the basis to develop products to be used both in future space missions and in terrestrial applications.
In particular, LSG will use the methods for autonomy for the development of self-deployable habitats in terrestrial Search & Rescue applications. In addition, LSG will be able to be more successful in future EU and ESA tenders and also be able to offer their services to industrial companies and research organizations bidding for major contracts.
SAS will use the design methods and technological know-how of deployable structures for future ESA or EU proposals or projects on deployable structures (e.g. deployable solar panels, deployable antennae, etc) The SHEE project will also build further on the human factors evaluation experience from SAS and this will be beneficial in future EU or ESA projects requiring such skills. Last but not least, the SHEE project will put SAS in a better position to bid on potential ESA tenders on future exploration programmes (including habitation) for the moon, Mars or asteroids.
COMEX intends to extend its competences in the field of Life Support Systems from underwater applications to the aerospace sector. The development of the SHEE habitat will deliver us a valuable base system for future projects on the simulation of moon or Mars Missions (several initiatives identified in the region of PACA).
The company Sobriety s.r.o will use the obtained results and experience mainly for the planned project itself. The project is to build a habitat beginning in 2014 for use in extreme climatic conditions on earth. By participating in the project, the Sobriety s.r.o. project team will gain valuable experience and knowledge from cooperation with specialists in other countries. This is especially important with regard to long-term strategy of the Sobriety s.r.o. company to participate in space projects supported by ESA and the Czech government.
Space Innovations will focus on exploitation of the design methods and their application in education of architecture disciplines related to autonomous and self-sustainable systems. The SI will disseminate the SHEE project results at major conferences with space architecture, sustainable architecture and outreach and education themes. SI will include the SHEE project in its portfolio with which SI will attempt to increase awareness about possibilities of the future human spaceflight activities not only in the Czech Republic. SI will use the SHEE project results also as an invitation for collaboration with other institutions and SMEs on advanced habitat concepts internationally.

The SHEE habitat bears the potential to serve as a future test base for future mission simulations or equipment validation. Several initiatives on are ongoing in Europe to develop a station similar to the Mars Desert Research Station (MDRS) in Utah, USA. The following Table gives an overview of those projects in Europe where SHEE could serve as a base for simulation.
	Project Name
	Description
	Reference

	EuroMoonMars
	EuroMoonMars is a project between ESA/ESTEC and the Ecole de l’Air Salon, France, to simulate missions to Mars at the MDRS. Currently, there are plans to establish a module of EuroMoonMars in the PACA region of France.
	Appendix A, Ref. [19]

	Euro-Mars
	Development of a habitat to be installed on the Krafla analogue site in Iceland
	Appendix A, Ref. [20]

	SALM
	Plans to develop a permanent base as Lunar-Mars simulation on a national park at La Reunion.
	

	Marseilles Bay
	Initiative by COMEX to simulate missions and EVA on underwater analogue sites in the Marseilles Bay.
	Appendix A, Ref. [13]

	Expedition Mars


	Czech Republic education / outreach activity. Supported by Czech cosmonaut Vladimir Remek, Czech Space Office and Deutsche Raumfahrtausstellung Morgenröthe-Rautenkranz. Simulation of a trip to Mars conducted in EU facilities for a selected team of inter-disciplinary young students.
	http://www.expedicemars.eu/


B.3.2.3 Knowledge management, specific project agreement

The standard rules in the EC contract will be implemented without restriction. The specific SHEE project agreement (Consortium Agreement), to be signed before project contract signature, will clear some complementary points in order to avoid any misunderstanding. The CA will address, in particular, issues dealing with project foreground property rights. The CA will be submitted to the Commission for comments and adjustment if necessary before Partners signature.

The SHEE Consortium Agreement will touch the following points, but may change slightly before being signed by the consortium members.

Ownership of knowledge: Pre-existing know-how remains the property of the party that brings it into the project. Knowledge shall be the property of the party carrying out the work leading to that knowledge. For example:

· The efforts of a party generate information - that information belongs to that party.

· A party creates a document - that party owns the copyright in the document.

· A party creates an invention, which may be patentable - that party has the right to apply for a patent for the invention, and will own the patent.

Joint knowledge: Where several parties have jointly carried out work generating the knowledge and where their respective contribution to the work cannot be ascertained, they shall have joint ownership of such knowledge. The principle is that the ownership of joint knowledge belongs to the Parties that generate it according to their share of participation to the common work.

The Parties shall agree among themselves how that joint ownership will be exercised. This can be done by writing clauses on the subject into the Consortium Agreement, or by making a separate written agreement on a case-by-case basis.

Access rights: The term ”access rights” refers to the entitlement to have access to knowledge and pre-existing know-how. The Parties shall identify and list the pre-existing know-how they intend to bring into the Project when signing the Consortium Agreement. The proper identification of pre-existing know-how shall avoid disputes on the property of specific information.

Access rights shall be granted to any of the other Parties whose personnel are in possession of an appropriate level of security clearance in line with the relevant legislation, upon written request. The granting of access rights may be made conditional on the conclusion of specific agreements aimed at ensuring that they are used only for the intended purpose and of appropriate undertakings as to confidentiality.

The access rights for execution of the project will be specified in more detail in the CA.

B.4 Ethics Issues
The implementation of the projects results in a new system to be marketed will take account of freedom of the persons, information will be limited to authorised persons and no recorded information (if any) will be disclosed without the agreement of both persons.

Table B.4‑1:Ethics issues table

	
	YES
	PAGE

	Informed Consent
	
	

	Does the proposal involve children?
	
	

	Does the proposal involve patients or persons not able to give consent?
	
	

	Does the proposal involve adult healthy volunteers?
	
	

	Does the proposal involve Human Genetic Material?
	
	

	Does the proposal involve Human biological samples?
	
	

	Does the proposal involve Human data collection?
	
	

	Research on Human embryo/foetus
	
	

	Does the proposal involve Human Embryos?
	
	

	Does the proposal involve Human Foetal Tissue / Cells?
	
	

	Does the proposal involve Human Embryonic Stem Cells?
	
	

	Privacy
	
	

	Does the proposal involve processing of genetic information or personal data (e.g. health, sexual lifestyle, ethnicity, political opinion, religious or philosophical conviction)
	
	

	Does the proposal involve tracking the location or observation of people?
	
	

	Research on Animals
	
	

	Does the proposal involve research on animals?
	
	

	Are those animals transgenic small laboratory animals?
	
	

	Are those animals transgenic farm animals?
	
	

	Are those animals cloning farm animals?
	
	

	Are those animals non-human primates?
	
	

	Research involving Developing Countries
	
	

	Use of local resources (genetic, animal, plant, etc.)
	
	

	Benefit to local community (capacity building i.e. access to healthcare, education, etc.)
	
	

	Dual Use
	
	

	Research having potential military / terrorist application
	
	

	I CONFIRM THAT NONE OF THE ABOVE ISSUES APPLY TO MY PROPOSAL
	YES
	X


B.5 Consideration of gender aspects

B.5.1 Gender aspects inside the consortium

Partners of the consortium give equal opportunities to all employees in order to have the best specialists and keep the balance between male and female employees. The consortium reflects the approach of all the partners, thus the SHEE consortium features a high percentage of female researchers and experts. In total there are four female representatives who include: Prof. Angie Bukley, Veronica La Regina, Dr. Barbara Imhof and Waltraut Hoheneder, all of whom are either work package or task leaders. 
The female researchers are contributing to the scientific and technically challenging parts of the projects and will also lead in the outreach and dissemination work tasks. Thus they are able to highlight all female contributions in the project. At the same time they will act as role models for future female researchers to support their interest to participate in collaborative national and international projects.

The SHEE project team supports individual work scheduling and task-oriented working rather than pursuing a nine-to-five presence at the desk. Teleworking, individual break rhythms and individual time management is encouraged as well. The already prominent representation of females will be increased by the preferential hiring of female students and scientists in the project. 

It should be noted that the SHEE consortium partner the International Space University (ISU) and Women in Aerospace (WIA) fund cash prizes and have made awards to the Students for the Exploration and Development of Space (SEDS) Chapter that has the highest percentage of women participants. See: 
http://www.womeninaerospace.org/news/pdf/12-17-2009_1.pdf
Appendix A – References 
[1] GIZMOWEB, 2010, “Archigram’s Walking City concept.” GIZMOWEB.org, Available: http://www.gizmoweb.org/wp-content/uploads/2010/05/185_medium.jpg
[2] NASA, 2010, “HDU Technologies Demonstrated in 2010 Analogue Testing,” NASA Exploration. Available: http://www.nasa.gov/exploration/analogs/hdu_DRATStesting.html
[3] NASA-JPL, 2009, “The ATHLETE Rover,” NASA Jet Propulsion Laboratory. Available:
http://www-robotics.jpl.nasa.gov/systems/systemVideo.cfm?System=11&Video=140
[4] Bigelow, 2011, “BA 330, Bigelow Aerospace – Next generation Commercial Space Stations.” Available: http://www.bigelowaerospace.com/ba330.php
[5] Eggshell-Robotics, 2009, “Festo Molecubes and Emotive Wall.” Available:

http://www.eggshell-robotics.com/blog/306-festo-molecubes-and-emotive-wall
[6] Hyposurface™. Information available from: http://hyposurface.org/
[7] Imhof, B., von Klot, S. and Trenkwalder, B., 2001, “Back projection.” In: “Who’s doing the Art of Tomorrow,” Exhibition Catalogue, ARS ELECTRONICA 2001: Take Over  (Springer Verlag, Wien - New York, ISBN 3-211-83628-4)

[8] Langhart, L., 2009, “Robot builds brick wall in New York,” ETH Life. Available:
http://www.ethlife.ethz.ch/archive_articles/091020_pikeloop_lul/index_EN
[9] SpaceApplications, 2011, “Sensoric Arm Master Exoskeleton with force feedback,” Space Application Services. Available:
http://www.spaceapplications.com/index.php?option=com_content&task=view&id=137
[10] Kernbach, S., Meister, E., Schlachter, F., Jebens, K., Szymanski, M., Liedke, J., Laneri, D., Winkler, L., Schmickl, T., Thenius, R., Corradi, P. and Ricotti, L., 2008, “Symbiotic Robot Organism: Replicator and Symbrion Projects.” PerMIS 08, Gaithersburg, Maryland, 19-21 August 2008. 
[11] Kronenburg, R., 2003, Portable Architecture. (Elsevier, Architectural Press, Oxford, 3rd edition).
[12] Agabi, K., 2005, “Concordia base construction, Antarctica,” Science Photo Library. Available: 

http://www.sciencephoto.com/media/165189/enlarge
[13] Aquarius, 2011, “Aquarius Reef Base.” Available: http://aquarius.uncw.edu/
[14] Weiss, P. and Gardette, B., 2011, “Inflatable structures for a sub-aquatic space habitat simulation,” 5th European Workshop on Inflatable Space Structures, May 2011.
[15] Campbell, P.D. and Brown, J.W., 1992, “Terrestrial Analogs for Space Exploration Habitation Systems,” AIAA-92-1525, AIAA Space Programs and Technologies Conference, Huntsville, AL, 24-27 March 1992.
[16] Kennedy, B., Stroupe, A., Huntsberger, T., Okon, A., Aghazarian, H., 2005, “Robotic Platforms for Implementation of Space Infrastructure,” Space Automation & Robotics Symposium, Jet Propulsion Laboratory, California Institute of Technology, 30-31 March 2005.
[17] Howe, S., 2007, “Self-Assembling Modular Robotic Structures.”IEEE Robotics & Automation Magazine, December 2007, p.26-33.
[18] Gruber, P., Imhof, B., Häuplik, S., Özdemir K., Waclavicek R. and Perino, M.A., 2007, “Deployable structures for a human lunar base, published in Acta Astronautica, Vol. 61 (2007), p 484– 495.

[19] Dubowski, S., 2009, “Self-Transforming Robotic Planetary Explorers,” MIT – Field and Space Robotics Laboratory. Available: http://robots.mit.edu/projects/old_projects/niac/index.html
[20] Pole Pégase, 2011, “Lancement du Flying Capabilities Campus (in French).” Available:

http://www.pole-pegase.com/tous-les-focus/focus-151/lancement-du-flying-capabilities-campus-77.html?cHash=a0df935097e9ab7baf3e7372268048b3
[21] EuroMars, 2011, “European Mars Analogue Research Station (Euro-Mars).” Available:http://euromars.net/
Additional references used to provide background information and not cited in the text
Robotics in Building Construction

[22] Warszawski, A. and Sangrey, D.A. 1985, “Robotics in Building Construction,” American Society of Civil Engineers, Journal of Construction Engineering and Management, Vol.111, Iss.3, 1985, pp.260-280.
[23] Pinto, J., 2004, “Intelligent Sensor Networks,” Automation World, May 2004. Available:
http://www.jimpinto.com/writings/sensornets.html
Planetary Infrastructures

[24] Astrium, et al, 2002, “European Mars Missions Architecture Study,” Executive Summary and Final Report to ESA, Toulouse, September 2002.

[25] Benaroya, H., Bernold, L. and Chua, K.M., 2002, “Engineering, Design and Construction of Lunar Bases,” Journal of Aerospace Engineering, April 2002, pp.33-45.
[26] Benaroya, H., 2002, “An Overview of Lunar Base Structures: Past and Future,” AIAA-2002-6123, AIAA 1st Space Architecture Symposium (SAS 2002), Houston, TX, 10-11 October 2002.
[27] Cougnet, C., Limouzin, G., Otto, D., Perino, M.A. and Ransom, S., 2001, “Candidate architectures for a European mission to Mars,” IAF-01-IAA.13.3.04, 52nd International Astronautical Congress, Toulouse, 1-5 October 2001 and International Symposium Beyond the International Space Station: The Future of Human Spaceflight, ISU Strasbourg, 4-7 June 2002.
[28] Duke, M.B., Hoffman, S.J. and Snook, K., 2003, “Lunar Surface Reference Missions: A Description of Human and Robotic Surface Activities,” NASA TP-2003-210793, July 2003.
[29] Ransom, S., 2003, “Mars Mission Design Examples,” Lecture, Summer School Alpbach 2003, Austria, 15-24 August 2003 and Moon/Mars Working Group Workshop, Bremen, 28-29 September 2003.
[30] Chen, M.M., 2011, “Is NASA Ready for Deep-Space Human Spaceflight?” Presentation, Future of In-Space Operations (FISO) 11 May 2011.
Rigid Habitable Planetary Infrastructure Elements

[31] Howe, A.S. and Sherwood, B. (Eds), Out of this World. The New Field of Space Architecture. (AIAA, Reston, Virginia, 2009).
[32] Dudley-Rowley, M., et al, 2001, “Crew Size, Composition, and Time: Implications for Habitat and Workplace Design in Extreme Environments,” SAE 2001-01-2139, 31st International Conference on Environmental Systems (ICES), Orlando, FL, 9-12 July 2001.

[33] MBB-ERNO, et al, 1989, “HOUSE: System Level Study for the Habitation Module,” Executive Summary and Final Report to ESA, Bremen, June 1989.
[34] Micheels, K., 1996, “Application of Architectural Proportioning Systems in the Design of Living Spaces for an Initial Mars Habitat,” SAE 961469, 26th International Conference on Environmental Systems (ICES), Monterey, CA, 8-11 July 1996. 
Deployable Habitable Space Infrastructure Elements

[35] Adams, C.A., and Petrov, G., “The Surface Endoskeletal Inflatable Module [SEIM]”. Available:
http://www.4frontierscorp.com/dev/assets/ASCE2006-40830-13089-SEIM.pdf
[36] Howe, A.S. and Colombano, S., 2004, “Self-constructing / Self-reconfiguring Modular Construction Systems,” White Paper submitted in response to NASA Exploration Systems Enterprise Request for Information, Solicitation No. RF104212004, 2004.

[37] Howe, A.S., 2002, “The Ultimate Construction Toy: Applying Kit-of-Parts Theory to Habitat and Vehicle Design,” AIAA-2002-6116, AIAA 1st Space Architecture Symposium (SAS 2002), Houston, TX, 10-11 October 2002.
[38] Howe, A.S. and Gibson, I., 2006, “Trigon Panel Size Optimization Studies,” AIAA-2006-7328, AIAA Space 2006, San Jose, CA, 19-21 September 2006.
[39] Howe, A.S. and Gibson, I., 2006, “MOBITAT2: A Mobile Habitat Based on the Trigon Construction System,” AIAA-2006-7337, AIAA Space 2006, San Jose, CA, 19-21 September 2006.
[40] Howe, A.S. and Gibson, I., 2006, “Trigon Robotic Pairs,” AIAA-2006-7407, AIAA Space 2006, San Jose, CA, 19-21 September 2006.
[41] Howe, A.S., 2007, “Trigon Surface Operation Scenarios,” SAE 2007-01-3055, 37th International Conference on Environmental Systems (ICES), Chicago, Illinois, 9-12 July 2007.
[42] Howe A.S. and Gibson, I., 2009, “TRIGON Modular Robotic Construction System.” In: Howe, A.S. and Sherwood, B. (Eds), Out of this World. The New Field of Space Architecture. (AIAA, Reston, Virginia, 2009, Ch.21, pp.279-297).

[43] Plug-in Creations, “TRIGON Modular Robotic Construction System.” Available: 
http://plugin-creations.com
[44] Versteeg, M.E., 2003, “Semi Rigid Inflatable Mobile – An Interior Design Concept,” AIAA-2003-6283, Space 2003, Long Beach, CA, 23-25 September 2003.

[45] Versteeg, M.E. and Veldman, S.L., 2003, “Transporting Space – A Concept for a Planetary Mobile Workstation,” SAE-2003-01-2391, 33rd International Conference on Environmental Systems (ICES), Vancouver, 7-10 July 2003. 
Inflatable Habitable Space Infrastructure Elements

[46] Adams, C.M., 2000, “Design Concepts for the ISS TransHab Module,” NASA Tech Briefs MSC-23090, NASA JSC, 2000.
[47] Cadogan, D., Stein, J. and Grahne, M., 1998, “Inflatable Composite Habitat Structures for Lunar and Mars Exploration,” IAA-98-IAA.13.2.04, 49th International Astronautical Congress, Melbourne, 28 September - 2 October 1998. Also: Acta Astronautica, Vol.44, No.7-12, 1999, pp.399-406.

[48] Chow, P.Y., 1991, “Self-supporting membrane structure for use on the Moon,” US patent 5,058,330, filed 5 May 1989, patented 22 October 1991.

[49] Criswell, M.E. and Sadeh, W.Z., 1993, “Inflatable structures – A concept for lunar and Martian structures,” AIAA-93-0995, AIAA/AHS/ASEE Aerospace Design Conference, Irvine, CA, 16-19 February 1993.

[50] Kennedy, K.J., 2002, “Lessons from TransHab – An Architect’s Experiment,” AIAA-2002-6105, AIAA 1st Space Architecture Symposium (SAS 2002), Houston, TX, 10-11 October 2002.
[51] Kennedy, K., 1992, “A Horizontal Inflatable Habitat for SEI,” Paper, Space ’92, Denver, CO, 31 May - 4 June 1992. In: Sadeh, W. (Ed), Engineering, Construction, and Operations in Space III, 1992, Vol.1, 1992, pp.135-146.
[52] Matsumoto, S., et al, 1992, “Inflatable Lunar Structure with Reinforcing Rings. Self-Shaping and Self-Sinking System for Lunar Base,” IAF-92-0768, 43rd Congress of the International Astronautical Federation, Washington, DC, 28 August – 5 September 1992.
[53] Minovitch, M.A., 1988, “Inflatable core orbital construction method and space station,” US patent 4,730,797, filed 12 August 1985, patented 15 March 1988.

[54] Nowak, P.S., Sadeh, W.Z. and Janakus, J., 1992, “Feasibility Study of Inflatable Structures for a Lunar Base,” AIAA-92-1031, AIAA Aerospace Design Conference, Irvine, CA, 3-6 February 1992. Also: Journal of Spacecraft and Rockets, Vol.31, No.3, May-June 1994, pp.453-457.

[55] Peebles, C., 1980, “The Manned Orbiting Laboratory,” Spaceflight, Vol.22, 6 June 1980, pp.248-253.

[56] Petrov G., Kat S. Park, S., and Adams, C.A., “Optimization of Inflatable Spacecraft Interior Volume Using Constraints Driven Design”
[57] Schneider, W.C., et al, 1999, “Advanced structural and inflatable hybrid spacecraft module,” US patent 6,231,010, filed 25 January 1999, patented 15 May 2001. (Note: patent covers design of TransHab; assigned to NASA)
[58] Schnitzer, E., “Manned Space Station,” US patent 3,144,219, filed 5 April 1961, patented 11 August 1964.

[59] SICSA, 1988, “Inflatable Space Structures,” SICSA Outreach, Vol.1, No.7, May-June 1988, Special Design Project Issue.

[60] Taylor, T.C., 2002, “Inflatable habitation volumes in space,” US patent 6,439,508, filed 10 October 2000, patented 27 August 2002.
[61] Veldman, S.L. and Vermeeren, C.A.J.R., 2000, “Inflatable Structures in Aerospace Engineering – An Overview,” European Conference on Spacecraft Structures, Materials and Mechanical Testing, ESTEC, Noordwijk, 29 November - 1 December 2000. 
[62] Architecture and Vision, 2010, “Vertical Inflatable Structures,” Catalyst Workshop, University of Minnesota School of Architecture, 8-12 March 2010.
[63] Howe, A.S. and Sherwood, B. (Eds), Out of this World. The New Field of Space Architecture. (AIAA, Reston, Virginia, 2009).
Environmental Control and Life Support Systems
[64] Wieland, P.O., 1994, “Designing for Human Presence in Space: An Introduction to Environmental Control and Life Support Systems,” NASA RP-1324, NASA Marshall Space Flight Center, Alabama, 1994.

[65] EADS Astrium, “ARES – Air Revitalisation System,” Press release.
Appendix B – Relevant Publications by the Project Partners

1. International Space University (ISU):

[1] Clément, G. and Bukley A., 2007, Artificial Gravity (Microcosm Inc: Hawthorne, CA, and Springer: New York, 2007)

[2] Clément, G., 2005, Fundamentals of Space Medicine (Microcosm Press, 2nd Edition, El Segundo, CA, and Springer: New York, 2005)

[3] Clément, G. and Chen, S., 2008, Fundamentals of Space Medicine. (China Astronautic Publishing House, Beijing, 2008)

[4] Clément, G. and Reschke M.F., 2008, Neuroscience in Space (Springer, New York, 2008)

[5] Lathan, C.E., Clément, G. and Lockerd, A., 2010, “3DSPACE: Depth perception during spaceflight,” NASA Human Research Program Investigators’ Workshop, Galveston, Texas, February 2010.
[6] Wood, S.J., Clarke, A.H., Rupert, A.H., Harm, D.L. and Clément, G., 2010, “ZAG-Otolith: Modification of Otolith-Ocular Reflexes, Motion Perception and Manual Control During Variable Radius Centrifugation Following Space Flight,” NASA Human Research Program Investigators’ Workshop, Houston, Texas, February 2010.
[7] Lathan, C.E., Clément, G. and Lockerd, A., 2010, “3DSPACE: Depth perception during spaceflight,” NASA Human Research Program Investigators’ Workshop, Houston, Texas, February 2010.
[8] Clément, G., 2010, “Spaceflight and adaptive physiology,” Workshop on Science and Education within Human Space Exploration, European Commission, Strasbourg, March 2010.
[9] Dalkle, H., Pfeldszus, R. and Welch, C., 2010, “Psychological Habitability of Spacecraft on Extended Exploration Missions: Design Analysis of Science-Fiction Film Set and Production Solutions,” 40th International Conference on Environmental Systems, Barcelona, July 2010.

[10] Mahler, C. and Welch, C., 2005, “LUNARES: Preparing for Mars through Lunar Exploration,” 10th Annual International Symposium, International Space University, Strasbourg, France, 30 November – 2 December 2005.

[11] Ellery, A., Welch C. and Curley A., 2002, “A Proposed Public-Private Partnership for Funding Robotic In-Orbit Servicers,” Space & Robotics 2002 Conference, March 2002.
[12] ISU, 2006, “Luna Gaia – A closed-loop habitat for the moon,” SSP 2006 Team Report, ISU, Strasbourg.

[13] ISU, 2007, “Full Moon – Fuel utilization of lunar oxygen, hydrogen supply,” Masters 2006 Team Report, ISU, Strasbourg.

[14] ISU, 2008, “ALERTS – Analysis of Lunar Exploratory Tasks for Safety,” Masters 2008 Team Report, ISU, Strasbourg.

[15] ISU, 2009, “Access Mars,” SSP 2009 Team Report, ISU, Strasbourg.

[16] ISU, 2010, “MAP – Mars Analogue Path,” Masters 2010 Team Report, ISU, Strasbourg.

2.
LIQUIFER Systems Group (LSG):

[1] LSG, et al, “Biornametics, Architecture Defined by Natural Patterns,” LSG project leader, on-going project since 2010 funded by the Austrian Science Fund about architectural structures taking role models from nature. See: www.biornametics.com
[2] Imhof, B., von Klot, S. and Trenkwalder, B, 2001, “Back projection.” In: “Who’s doing the Art of Tomorrow,” Exhibition Catalogue, ARS ELECTRONICA 2001: Take Over  (Springer Verlag, Wien - New York, ISBN 3-211-83628-4)

[3] Imhof, B., Hoheneder, W. and Vogel, K., 2010, “Deployable Getaway For The International Space Station”, AIAA-2010-6019, 40th International Conference of Environmental Systems (ICES), Barcelona, Spain.
[4] Mohanty, S., Fairburn, S.M., Imhof, B., Ransom, S. and Vogler, A., 2009, “Human-Space-Mission Simulators.” (In: Howe, A.S. and Sherwood, B. (Eds), Out of this World. The New Field of Space Architecture, AIAA, Reston, Virginia, 2009, Ch.25, pp.333-354). 

[5] Imhof, B., Ransom, S., Hoheneder, W., Mohanty, S., Frischauf, N., Özdemir K., Waclavicek R. and Häuplik-Meusburger, S., 2008, “RAMA: Rover for Advanced Mission Applications”, IAC-08-E5.I.4, 61st International Astronautical Congress (IAC), Prague, Czech Republic. 

[6] Gruber, P., Imhof, B., Häuplik, S., Özdemir K., Waclavicek R. and Perino, M.A., 2007, “Deployable structures for a human lunar base. In: Acta Astronautica, Vol. 61 (2007), pp. 484-495.
[7] Imhof, B., Hoheneder, W., Vogel, K. and Waclavicek R., 2007, “Deployable Getaway by Design: on Earth and in Space - Part 1”, IAC-07-E5.I.06, 58th International Astronautical Congress (IAC), Hyderabad, India.
[8] Imhof, B., 2007, “[Interior] Configuration Options, Habitability and Architectural Aspects for ESA’s AURORA Human Mission to Mars Study”, Acta Astronautica, Vol. 60, (2007), pp.571-587.
[9] LIQUIFER Systems Group, et al, 2006, “FIPES - Definition Study of a Facility for Integrated Planetary  Exploration Simulation,” Summary Report submitted to ESA, Vienna, November 2006.

[10] Mohanty, S., Imhof, B. and van Susante, P.J., 2003, “European Lunar Base Concepts,” SAE 2003-01-2652, 33rd International Conference on Environmental Systems (ICES), Vancouver, 7-10 July 2003.
[11] Mohanty, S. and Fairburn, S., 2003, “‘Skins’ by Design: Humans to Habitats,” SAE 2003-01-2655, 33rd International Conference on Environmental Systems (ICES), Vancouver, 7-10 July 2003.
3.
Space Applications Services (SAS):

[1] Monchieri, E., Hovland, S., Masi, M., Sliepcevich, A., Lavagna, M., Hoppenbrouwers, T. and Venditti, F., 2011,  “ESA Lunar In-situ Resource Utilisation (ISRU) Breadboarding Activities and Conceptual Design for a Lunar Demonstrator,” IAC-11-A5.2.1, 62nd International Astronautical Conference (IAC) Capetown, South Africa, 3-7 October 2011.
[2] Monchieri, E., Hovland, S., Masi, M., Sliepcevich, A., Lavagna, M., Hoppenbrouwers, T. and Venditti, F., 2010, “ESA Lunar In-situ Resource Utilisation (ISRU) Concept Design and Breadboarding Activities,” IAC-10-A5.2.6, 61st International Astronautical Conference (IAC), Prague, Czech Republic, 27 September – 1 October 2010.

[3] Bergamasco, A., Boscheri, G., Lamantea, M, Perino, M:A:,Hovland, S., Della Torre, A., Mailland, F., Gancet, J., Paijmans, B., Vogler, A. and Vittori, A., 2010, “PLR – A Pressurized Rover to Support Lunar Exploration,” GLUC-2010.3.1.6, Global Lunar Conference, Beijing, China, 31 May – 3 June 2010.

[4] Letier, P., Motard, E. and Verschueren, J-P., 2010, “EXOSTATION: Haptic Exoskeleton Based Control Station,” ICRA 2010, International Conference on Robotics and Automation, Anchorage, Alaska, 3-8 May 2010.

[5] Heemskerk, C.J.M., Visser, M., Dal Zot, D., Gancet, J. and Wokke, F., 2006, “Demonstrating the Feasibility of ERA Operations from Ground,” ASTRA 2006, Advanced Space Technologies for Robotics and Automation, ESTEC, Noordwijk, The Netherlands, 28-30 November 2006.
4. University of Tartu (UT):

[1] Abels, A., Kruusmaa, M., 2009, “Design of a shape-changing anthropomorphic mannequin for tailoring applications,” Proceedings, ICAR 2009, IEEE 14th International Conference on Advanced Robotics, Munich, 22-26 June 2009.

[2] Kruusmaa, M., Gavshin, Y. and Eppendahl A., 2007, “Don’t Do Things You Can’ Undo: Reversiblity Models for Generating Safe Behaviour,” Proceedings, IEEE Conference on Robotics and Automation (ICRA 2007).
[3] Heero, K., 2006, “Path planning and learning strategies for mobile robots in dynamic partially unknown environments,” PhD Thesis, Tartu University, 2006.

[4] Willemson, J. and Kruusmaa, M., 2006,. “Algorithmic Generation of Path Fragment Covers for Mobile Robot Path Planning.” Proceedings, 3rd International IEEE Conference on Intelligent Systems, London, UK, 4.-6 September 2006, pp.673-678. 
[5] Eppendah, A. and M. Kruusmaa, M., 2006, “Obstacle avoidance as a consequence of suppressing irreversible actions,” Proceedings, 6th International Workshop on Epigenetic Robotics, Lund University Cognitive Studies, Vol.128, 2006.
[6] Heero, K., Kruusmaa, M., and Aabloo, A,. 2005, “Learning innovative routes for mobile robots in dynamic partially unknown environments,” International Journal of Advanced Robotic Systems, Vol.2, No.3, pp.209- 222.
[7] Heero, K., Kruusmaa, M., Willemson, J. and Aabloo, A., 2004, “Robots Find a Better Way: A Learning Method for Mobile Robot Navigation in Partially Unknown Environments,” In: Intelligent Autonomous Systems (IOS Press, Amsterdam, pp.559-566).
[8] Kruusmaa, M., 2003,. “Global level path planning for mobile robots in dynamic environments,” Journal of Intelligent & Robotic Systems, Vol.38, No.1, pp.55-83.
[9] Listak, M., 2007, “A Task-Oriented Design of a Biomimetic Underwater Vehicle,” PhD Thesis, Tallinn University of Technology, 2007.

5. COMEX S.A. (CO):
[1] Weiss, P. and Gardette, B., 2011, “Inflatable structures for a sub-aquatic space habitat simulation,” 5th European Workshop on Inflatable Space Structures, May 2011.
[2] Weiss, P. and Yung, K.L., 2010, “Feasibility study of a lunar landing area navigation network deployed by impacting micro-probes,” Planetary and Space Science, Vol. 58, 2010, pp.893-903.

[3] Weiss, P. and Yung, K.L., 2009, “Mission Strategy Decision Support System for robotic lunar landing,” Planetary and Space Science, Vol. 57, 2009, pp.1434-1445.

[4] Weiss, P., Shi, W.Z. and Yung, K.L., 2009, “Attribute uncertainty modeling in lunar spatial data,” International Journal of Remote Sensing, 31, pp.197-211. doi: 10.1080/01431160902882611.

[5] Weiss, P., Shi, W.Z. and Yung, K.L. 2009, “Attribute uncertainty modeling in lunar spatial data,” submitted 14th International Symposium on Spatial Data Handling Theory, modeling and concepts in Geospatial Information Science.

[6] Weiss, P. and Yung, K.L., 2007, “Closing the gap between remote observation and rover explorations: Lunar exploration by multiple micro-probes,” Proceedings, 9th ILEWG International Conference on Exploration and Utilization of the Moon.
[7] Imbert, J.P. et al., 1990, “Comparison of Underwater and Space Working Environments for Onboard Activities Optimization”, Space and Sea Colloquium, Paris, December 1990.

[8] Gardette, B., Comet, M., Gortan, C., Delauze, H.G. and Novara, M., 1990, “Long Duration Hyperbaric Confinement : Hydra IX,” Space and Sea Colloquium, Paris, December 1990.

6. Sobriety s.r.o. (SO):
[1] Saleny, V., Doule, O. and Herin, B., 2011, “Omicron Orbital Hotel,” Newspace Conference 2011, NASA Ames Research Center, 28-30 July 2011.
[2] Saleny, V., Doule, O., Rousek, T. and Herin, B., 2011, “Omicron Orbital Habitat – research stage II,” Acta Astronautica, September 2011.

[3] Doule, O., Detsis, E. and Ebrahimi, A. 2011, “A Lunar Base with Astronomical Observatory,” AIAA 41th International Conference on Environmental Systems, Portland, Oregon, 17 – 20 July 2011.

7. Space Innovations, v.o.s. (SI):

[17] Doule, O., Detsis, E. and Ebrahimi, A. 2011, “A Lunar Base with Astronomical Observatory,” AIAA 41th International Conference on Environmental Systems, Portland, Oregon, 17 – 20 July 2011.

[18] Doule, O., Saleny, V., Herin, B. and Rousek, T.  2011, “Omicron Space Habitat – research stage II,” Acta Astronautica, accessed: 4 November 2011. Available:


http://www.sciencedirect.com/science/article/pii/S0094576511002396
[19] Doule, O., 2010, “Architecture in Extreme Environment,” PhD thesis. Czech Technical University, Faculty of Architecture, Prague.

[20] Doule, O., 2010, “Space Architecture – Theory and educational strategy,” 40th International Conference on Environmental Systems, AIAA, Barcelona, 15-18 July 2011.

[21] Doule, O. 2009, “Mars Base 10 – A Permanent Settlement on Mars for 10 Astronauts,” 39th International Conference on Environmental Systems, AIAA, Savannah.

[22] Doule, O., Mulugeta, L., Bodkin, D., Jagula, D., Quémet, L., Turnock, M., Chan, A., Chasseigne, R., Demel, M., Hochstein, J., Oprong, A. and Salazar, J.P. 2009, “Astronaut Safety on the Moon. Space Times,” The Magazine of the American Astronautical Society, Iss.3, No.48, May-June 2009, pp.4-8.

[23] Doule, O. and Kubíček, M, 2011, “Silverbird – Rocketplane Concept Research Stage II,” Newspace Conference 2011, NASA Ames Research Center, 28-30 July 2011.

[24] Doule, O., 2011, “Mars Base 10 – Landing, Location, Base Layout and Structures,” Newspace Conference 2011, NASA Ames Research Center, 28-30 July 2011.

[25] Doule, O., Detsis, E. and Ebrahimi, A. 2011, “Lunar Settlement – Astronomical Telescope and Landing Site,” Newspace Conference 2011, NASA Ames Research Center, 28-30 July 2011.

[26] Doule, O., Saleny V. and Herin, B., 2011, “Omicron Orbital Hotel,” Newspace Conference 2011, NASA Ames Research Center, 28-30 July 2011.

[27] Doule, O., 2011, “MB10 - First Human Settlement on Mars,” Envihab Symposium, Cologne, 23-24 May 2011.

[28] Doule, O., 2011, “Lunar Base LB10 – Space Architecture Concept,” Envihab Symposium, Cologne, 23-24 May 2011.

[29] Doule, O., 2010, “Curriculum Proposal for Space Architecture Studies,” ISU Symposium ‘Public Face of Space,’ International Space University, Strasbourg, February 2010.

[30] Doule, O., Rousek, T., 2010, “Omicron Space Habitat,” 61st International Astronautical Congress, Praha, 27 September – 1 October 2010.
[31] Doule, O., Rousek, T. and Eriksson, K., 2010, “Sinterhab – Sintered Lunar Outpost Core,” 61st International Astronautical Congress, Praha, 27 September – 1 October 2010.

[32] Doule, O., 2008. “Mars Base 10 - Concept Design - Permanent Settlement on Mars and Terrestrial Analogue,” Mars Society Colloquium, 2008, Boulder, Colorado.

[33] Doule, O., 2008. “Passenger Safety on Personal Spaceflight – Spacecraft Interior Concept Design – Silverbird,” 59th International Astronautical Congress, Glasgow, 2008.

[34] Doule, O., 2008.  “Spacecraft Interior Concept Design – Silverbird,” 3rd International Association for the Advancement of Space Safety, Rome, 2008.

[35] Doule, O., Rousek, T. and Eriksson, K., 2010, “3D-Printed Surface Habitats – Sinterhab,” Stylus, Space Architecture Summit, 26 October 2010.

[36] Doule, O., Rousek, T. and Potůček, J. 2010, Češi v kosmu, Pátek Lidových novin, 15 October 2010.

[37] Doule, O. 2010, Orbitální hotel, Technický týdeník, TT22/2010, November 2010, p.32.
[38] Doule, O. 2010, Vesmírná architektura – Češi staví pro NASA, magazine ABC, October 2010.

[39] Doule, O., Sedláček, K., 2010, Atraktivní projekty - Koncept kosmického hotelu, MM Průmyslové spektrum, October 2010.

[40] Doule, O., Kiml, W., Toufar, P., Tomek, P. and Muller, T., 2009. Češi na Mars. VTM Science. Vol.63, April 2009, pp.30-34.

Appendix C – CVs of members of the Scientific Advisory Board

Dr. A. Scott Howe – NASA Jet Propulsion Laboratory, Pasadena, California, USA
A. Scott Howe is a licensed architect and robotics engineer at NASA’s Jet Propulsion Laboratory. He earned PhDs in industrial and manufacturing systems engineering from Hong Kong University and in architecture from University of Michigan. Dr. Howe spent 10 years of practice in Tokyo, Japan, and taught for six years at Hong Kong University. Currently, he is Design Integration Manager for the Advanced Exploration Systems (AES) Habitation Systems team, and also a member of the All-Terrain Hex-Limbed Extra-Terrestrial Explorer (ATHLETE) robotic mobility system team.

Tracy R. Gill – NASA Kennedy Space Centre

Tracy Gill works for NASA at the Kennedy Space Center. He is systems integration lead for the Advanced Exploration Systems Deep Space Habitat (DSH) team that built and operates the Habitat Demonstration Unit (HDU). He is responsible for leading members of a multi-centre team, designing and building a habitat system to support analogue testing of advanced habitation systems. In this capacity, he leads the systems integration effort, defining how subsystems will be installed and configured and how they will work together to satisfy the requirements of the habitat prototype. 

Tracy holds a BS in Electrical Engineering and an MS in Aerospace and Mechanical Systems from the University of Florida, an MS in Space Systems from Florida Tech, and is a graduate of the International Space University Summer Session Programme in 2006.

Tracy has nearly 20 years of Shuttle and ISS payload processing experience. Through Spacelab and ISS Utilization payload processing activities, Tracy has worked extensively with employees and contractors from other NASA field centres, from universities, and from international engineering teams from the European Space Agency (ESA), Italy, Germany, France, Canada, and Japan. This work was in preparing payloads for launch on projects such as the German Spacelab D2 mission, several international Spacelab missions, the Japanese Manipulator Flight Demonstrator, the Alpha Magnetic Spectrometer-2 payload, ISS Expedite the Processing of Experiments to Space Station (ExPRESS) Racks, and several ESA provided ISS racks such as the Microgravity Science Glovebox and the Minus Eighty Laboratory Freezer for ISS.  

Prior to his involvement with the DSH team, Tracy was also involved on the Constellation programme supporting the Orion, Ground Operations, Altair and Lunar Surface Systems projects, developing initial requirements and planning concepts of operations.

Dr. Steven Dubowsky – Professor, Departments of Mechanical Engineering and of Aeronautics and Astronautics, Massachusetts Institute of Technology, Boston

Steven Dubowsky received his Bachelor’s degree from Rensselaer Polytechnic Institute of Troy, New York, and his MS and ScD degrees from Columbia University. He is currently in both the Department of Mechanical Engineering and the Department of Aeronautics and Astronautics at MIT and Director of the Mechanical Engineering Field and Space Robotics Laboratory. He has been a Professor of Engineering and Applied Science at the University of California, Los Angeles, a Visiting Professor at Cambridge University, Cambridge, England, and Visiting Professor at the California Institute of Technology. For the 8 years before he joined academia Professor Dubowsky was a research engineer in industry. Dr. Dubowsky’s research has included the development of modelling techniques for manipulator flexibility and the development of optimal and self-learning adaptive control procedures for rigid and flexible robotic manipulators. He has authored or co-authored nearly 300 papers in the area of the dynamics, control and design of high performance electromechanical and optical systems. His current research includes fuel cell power for mobile systems and photovoltaic-powered clean water systems for challenging field environments. Professor Dubowsky is a registered Professional Engineer in the State of California and has served as an advisor to the National Science Foundation, the National Academy of Science/Engineering, the Department of Energy, and the US Army. He is a Fellow of both the ASME and IEEE and is a member of Sigma Xi, and Tau Beta Pi honour societies.
Dr. Milan Cermack – Professor, Memorial University, St. John’s, Newfoundland, Canada 

Dr. Cermack has a professional background in medicine, in space sciences and in engineering. Specialist and senior consultant in anaesthesiology, critical care and rescue medicine; director of Applied Space Technologies GmbH, Switzerland; academic affiliation  (adjunct professor) with Memorial University in St. John’s, Canada, coordination of an interdisciplinary approach to human physiology, performance and safety in extreme environments. He has extensive experience with human presence in extreme situations and in remote settings like high altitude and polar expeditions, remote industrial operations, disaster response and mitigation, field and offshore medical operations, search and rescue at sea and on land. He has practical experience with utilization of different fast-deployable shelters, survival habitats, hyperbaric and high altitude chambers and temporary supporting structures like field hospitals, emergency medical containers, etc. Dr. Cermack is well familiar with the logistics of transportation, of on site deployment, and with the remote supervision and operational support. Dr. Cermack has also experience with design and evaluation of personal systems for integrated monitoring of environmental parameters and human physiological data in terrestrial occupational settings and in human exploratory spaceflight with focus on planetary surface habitats and EVA. 

Tasks within the advisory board: Human Machine Interfaces, Physiological Effects, Safety, Performance, Human/ Environmental Monitoring, Teleconference support.
Tetsuji Yoshida – President and CEO, CSP-Japan Inc, Tokyo, Japan

Tetsuji Yoshida is a researcher on future space construction and robotics. After working at Shimizu Corporation for 37 years on research and development of construction robotics, he moved to a space business consulting company, CSP-Japan Inc, as president and CEO CSP-Japan is a subsidiary company of Shimizu Corporation and he is creating new space initiatives and supporting Japanese space industries. His has originated the construction robotics developing the very first construction robot in 1982. Following several robotic systems for site works, he was selected as chief engineer for nuclear power plant decommissioning systems, and designed and developed an activated concrete cutting and cut piece transfer robot for the JAERI (Japan Atomic Energy Research Institute) research project. After the robotics R&D in construction, he moved into space construction to apply his capabilities on robotics and concept development. His initial products were “Lunar base made of concrete” and “Space Hotel”. His role in these initiatives was to create the future model of space facilities prepared by the private sector and to make a feasible story for them using Shimizu’s engineering capabilities. Shimizu started late in the space business in the 1970s. He and his team have expanded R&D activities to joint R&D with US universities and US industries. “Self-mobile space manipulator” development at Carnegie-Mellon University was the first joint programme he and Shimizu experienced in the US. As a research coordinator and liaison manager, he was involved in other joint programmes with the University of Colorado, McDonnell Douglas Space Systems, Martin Marietta and others. The most exciting programme was water production experiment from real Lunar Soil in cooperation with Carbotek Inc and NASA in Houston. He also started domestic space programme in the 1990s to explore space robot R&D and to work in the NASDA’s ETS-7 (Engineering Test Satellite No.7) space manipulator experiment. Shimizu has participated in the ETS-7 project as one of the space industries and supported NAL (National Aerospace Laboratories), now successfully incorporated in JAXA. His recent output is “The Luna Ring” initiative of Shimizu and he led his team to propose sustainable future power produced on the moon avoiding oil consumption and nuclear power. He is supporting academic societies such as IAARC (International Association for Automation and Robotics in Construction) and JSME (The Japan Society of Mechanical Engineers).

Appendix D- Letters of Intent (Scientific Advisory Board)

Dr. Scott Howe – NASA Jet Propulsion Laboratory, Pasadena, California, USA
[image: image35.jpg]ADDRESSED T0:
PROF. ANGIE BUKLEY
International Space University
1, rue Jean Dominique Cassini
67400 lilkirch-CGraffenstaden
France

LETTER OF INTENT

Concerning project: Self-deployable Habitat for Extreme Environments (SHEE)
(7" Framework Programme of the European Community - Program Cooperation FP7-
SPACE-2012-1)

COMMITMENT TO PARTICIPATION IN THE SHEE SCIENTIFIC ADVISORY BOARD

It is herewith declared that the participation of A. Scoft Howe, PhD as a member of the
Scientific Advisory Board of the collaborative project Self-deployable Habitat for
Extreme Environment SHEE coordinated by the International Space University is agreed.

The Scientific Advisory Board is established, comprising external advisors with
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