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            1. Introduction The human exploration of the Universe is a real challenge for both the scientiﬁc and engineering communities. The space technology developed till now allowed scientists to achieve really outstanding results (e.g. missions around and landing on the Moon, the International Space Station as an outpost of the human presence, satellites and spaceships investigating and exploring Solar System planets as well as asteroids and comets), but at the same time further steps are required to both overcome existing problems and attain new and exceptional goals. One of the harshest trouble is the operative environment in which astronauts and rovers have to work in. Indeed, the outer space and extra–terrestrial planets have such different physical properties with respect to Earth that both space machinery has to be conceived selectively and manned crew has to be suitably trained to adapt to it. Nevertheless the entire product assembly integration and test campaign are made on Earth in 1G. Given so different ambient conditions, each phase in the whole life cycle of a space product is thorny and tricky and should be therefore carefully engineered. In particular, testing and operative phases could involve the most of risks because of the different product environmental conditions. Micro–or zero gravity environments are both impossible to be found and tough for a practical and realistic reproduction on Earth. In the past, for astronaut’s tests, only parabolic ﬂights and underwater conditions lead to some limited success, but their drawbacks – especially related to costs and dangerous situations – exceeded all the possible beneﬁts and therefore, nowadays, they have a limited use. The outstanding development of computer science techniques, such as virtual and augmented reality, has provided an interesting way to deal with such problems. Indeed, computer simulation of (portions of) real worlds is currently the best practice to feel one’s concrete presence into a totally different environment, without being there physically. Virtual Reality ©2012 Piovano et al., licensee InTech. This is an open access chapter distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. Virtual Simulation of Hostile Environments for Space Industry: From Space Missions to Territory Monitoring Piovano Luca, Basso Valter, Rocci Lorenzo, Pasquinelli Mauro, Bar Christian, Marello Manuela, Vizzi Carlo, Lucenteforte Maurizio, Brunello Michela, Racca Filippo, Rabaioli Massimo, Menduni Eleonora and Cencetti Michele Additional information is available at the end of the chapter http://dx.doi.org/10.5772/51121 Chapter 8 
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1. Introduction
 The human exploration of the Universe is a real challenge for both the scientific andengineering communities. The space technology developed till now allowed scientists toachieve really outstanding results (e.g. missions around and landing on the Moon, theInternational Space Station as an outpost of the human presence, satellites and spaceshipsinvestigating and exploring Solar System planets as well as asteroids and comets), but atthe same time further steps are required to both overcome existing problems and attain newand exceptional goals. One of the harshest trouble is the operative environment in whichastronauts and rovers have to work in. Indeed, the outer space and extra–terrestrial planetshave such different physical properties with respect to Earth that both space machineryhas to be conceived selectively and manned crew has to be suitably trained to adapt to it.Nevertheless the entire product assembly integration and test campaign are made on Earthin 1G. Given so different ambient conditions, each phase in the whole life cycle of a spaceproduct is thorny and tricky and should be therefore carefully engineered. In particular,testing and operative phases could involve the most of risks because of the different productenvironmental conditions. Micro–or zero gravity environments are both impossible to befound and tough for a practical and realistic reproduction on Earth. In the past, for astronaut’stests, only parabolic flights and underwater conditions lead to some limited success, but theirdrawbacks – especially related to costs and dangerous situations – exceeded all the possiblebenefits and therefore, nowadays, they have a limited use.
 The outstanding development of computer science techniques, such as virtual and augmentedreality, has provided an interesting way to deal with such problems. Indeed, computersimulation of (portions of) real worlds is currently the best practice to feel one’s concretepresence into a totally different environment, without being there physically. Virtual Reality
 ©2012 Piovano et al., licensee InTech. This is an open access chapter distributed under the terms of theCreative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properlycited.
 Virtual Simulation of Hostile Environments for Space Industry: From Space Missions to Territory Monitoring
 Piovano Luca, Basso Valter, Rocci Lorenzo, Pasquinelli Mauro, Bar Christian, Marello Manuela, Vizzi Carlo, Lucenteforte Maurizio, Brunello Michela, Racca Filippo, Rabaioli Massimo, Menduni Eleonora and Cencetti Michele
 Additional information is available at the end of the chapter
 http://dx.doi.org/10.5772/51121
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2 Will-be-set-by-IN-TECH
 (VR in the following) high realism, immersion and easiness in interaction are the keyideas for such applications. Realism is to faithfully reproduce those environments, but notonly from a graphical point of view: physical/functional simulation of objects presenceand behavior/(mutual) interaction is fundamental too, especially for those disciplines (e.g.electrical, thermal, mechanical) heavily based on ambient reactions. Immersion is useful toenhance perception of the new environment and allows users (e.g. Astronauts, Engineeringdisciplines, Manufacturing) to behave as if it was their real world. At the end, interactionis the user’s capability of communication with the simulation: the easier, the more effectiveand expressive the experience; the more intuitive, the less the amount of time required by(specialist and unskilled) users for practicing it; the more suitable, the better VR capabilitiesat one’s disposal are exploited.
 The space industry can largely benefit of the virtual simulation approach. In this context,the main help for aerospace disciplines is related to improve mission planning phase; itsadvantages are to allow realistic digital mock–up representations, provide collaborativemultidisciplinary engineering tasks, and simulate both critical ground and flight operations.But benefits can arise in a number of other ways too. For instance, due to the one–of–a kindnature of space products, the only product after the spacecraft launch available on groundis its digital representation. Second, complex, scientific data can be successfully representedby VR applications. Indeed, data belonging to astrophysics and space mission domains areusually very hard to be understood in all their relationships, essence and meaning, especiallythose ones describing invisible properties such as radiations. In that sense, a suitable,graphical representation can help scientists (and not specialized audience too) to improvetheir knowledge of those data. Finally, VR laboratories can be organized to host virtualtraining of human crews, by exploiting their capability to direct interaction and physicalbehavior simulation ([26]).
 Thales Alenia Space – Italy (TAS – I from now on) experience in virtual reality technologies ismainly focused on considerably enhancing the use of such tools. Two main research branchescan be found there: user interaction with the virtual product/environment, and data cycle(that is from their production till their exchange among engineering teams) management.In the former case, the research is devoted to virtual reality technologies themselves – withan emphasis on the way to visualize different scenarios and large amounts of data – whilein the latter case the focus is on the system data modeling. When put together, they shallconverge towards a complex system architecture for a collaborative, human and robotic spaceexploration (see [2] for a more detailed insight). Our vision entails an unique framework toenforce the development and maintenance of a common vision on such a complex system.Therefore, recent advances in the entertainment and games domains coexist alongside themost up–to–date methodologies to define the most complete and reliable Model–BasedSystem Engineering (MBSE) approach. This multidisciplinary view shall have an impacton the way each actor could conceive its own activity. For instance, engineering activitywill benefit from such representation because the big picture could be at its disposal at anylevel of detail; it should be easier to prevent possible problems by detecting weakness andcritical points; it should improve the organization of the entire system, and check whetherall the mandatory requirements/constraints are met. Astronauts themselves find this is aworthwhile experience to gain skills and capabilities, especially from a training viewpoint. Atthe end, scientific missions could be planned more carefully because the simulation of severalscenarios requires a fraction of time, can be easily customized by suitable set of parameters,
 154 Virtual Reality – Human Computer Interaction

Page 3
						

Virtual Simulation of Hostile Environments for Space Industry: from Space Missions to Territory Monitoring 3
 and provides valuable feed–backs under several forms (e.g. especially simulation data andsensory perceptions). Collecting and analyzing data and information from there could help todiminish the crash and failure risks and consequently increase the chance the mission targetswill be really achieved. For all the aforementioned reasons, the pillars of our research policycomprise, but they are not limited to: concurrent set–up and accessibility; several elements of4D (space + time), 3D and 2D features for data manipulation and representation; exploitingimmersive capabilities; easiness in interfacing with highly specialized tools and paradigms;user friendly capabilities; adaptability and scalability to work into several environments (e.g.from desktop workstations to CAVEs).
 This chapter is organized as follows: paragraphs 2 and 3 will introduce the space domaincontext and the current state of art of VR systems in this field. The focus will be put especiallyon its requirements, the key points of view of our researches and the objectives we are goingto meet. Progresses in VR field focused on the collaborative features and the interdisciplinaryapproach put in practice are described in 4. Section 5 is instead targeted on modeling complexspace scenarios, while paragraph 6 some practical example of space applications are given.The chapter is ending up with section 7 illustrating both some final remarks and a possibleroad–map for further improvements and future works.
 2. Motivation and goals
 The aerospace domain embraces an enormous variety of scientific and engineering fields andthemes. Given the intrinsic complexity of that matter, space challenges could be successfullytackled only when all the inputs from those disciplines are conveniently melt together ina collaborative way. The lack of both a common vision and suitable management tools tocoordinate such several subjects can indeed limit the sphere of activity and the incisiveness ofresearches in space sciences. Computer science in general and VR in particular could reallyplay an indispensable role for space scientists towards a significant qualitative leap.
 To show up the previous assessment, we chose to discuss a specific theme from a practicalpoint of view: the simulation of hostile environments. In this context, the term "hostile" isreferring without loss of generality to those places where either stable or temporarily humanpresence is extremely difficult because of harsh physical conditions. Indeed, that is reallythe case of outer space and extra–terrestrial planets, but that definition could be extended tosome environments on Earth too. In the latter case, it could even denote built–up areas afteran outstanding event, such as natural disasters, and temporally unreachable, with limitedcommunication links, or altered topography. Virtual reproduction of such environments isa particularly interesting activity according to several points of view. For that end, threemain steps could be outlined. For each of them, examples will be discussed in detail aimingat presenting our modus operandi as well as some results we achieved. Given that practicalstamp, this chapter has been outlined to highlight the following ideas. First of all, simulationof environments aids different disciplines to be complementary to each other. Indeed, weconsider our virtual reality tools as connectors between apparently separated research areas.As connectors, we collect data coming from different disciplines, but describing similarphenomena, and visualize them as a whole. This multidisciplinary approach is intended toovercome partial views single disciplines could have and, at the same time, create new waysto make them interact and combine their knowledge. Practically speaking, the simulationof a specific environment in our case mainly involves research areas like astronomy, geology
 155Virtual Simulation of Hostile Environments for Space Industry: From Space Missions to Territory Monitoring

Page 4
						

4 Will-be-set-by-IN-TECH
 and meteorology which hardly overlap: the sight they have individually is usually staggeredbecause they focus on different fields of investigation; their integrated sight, by spanningall possible features, allows a complete description of it. A similar case applies also toengineering disciplines, for instance, when space machinery models has to be conceived.They could be seen as a complex set of different sub-systems (e.g. mechanical, plumbing,energy), working together but designed separately from several group of people. People whotypically have the know-how in their own field but could have some limitations in figuringout requirements from other engineering sources. Nevertheless, the real machinery has towork properly despite splits in engineering knowledge domains. In this context, VR suppliesmethodologies being able to simulate a portion of real world(s) according to its most relevantfeatures (i.e. inputs from different fields of knowledge) and in an unified way. Second,for the sake of coherence with real operative environments, space simulations must reachthe highest degree of realism as possible. In this field, realism gains a double meaning,referring to both visual appearance and correct physical behavior models. For that end, itis mandatory to deal with the most advanced techniques in computer graphics and enginesfor physical simulation. This double faced is the basic element for all the functional aspectsof the simulation itself. Issues like aesthetics and photo–realism are especially very wellpolished when a thorough visual feedback is required, such as for training sessions, virtualassembly procedures and terrain exploratory missions. 3D models like terrain chunks, roboticmachinery and/or natural elements are a natural mean to show huge collections of complexdata and convey the right amount of information. Therefore, scientific and informationvisualization techniques should be carefully taken into account for informative simulationpurposes. In this stage, advice and expertise from disciplines are fundamental to achieve themost plausible results, especially in modeling properly operational behaviors in such hostileenvironments and show related information. Last but not least, our discussion shall implicitlyfocus on interactions among several actors when they are dealing with virtual simulations.Indeed, we strongly trust in usefulness of such simulations for space disciplines, especially interms of information flows and the gain each involved side could have by them. Accordingto that point of view, virtual reality facilities could be potentially the natural way out formany disciplines. Indeed, its intrinsic way of conceiving multidisciplinary activities couldlead to a novel way to think about (and maybe re–arrange) the engineering process itself.In this case, the aim of this part is to discuss our own experience in such a field. In thatsense, we will introduce a typical example of complex scenario where lots of interactionsbetween several actors are required. Possible case studies could be collaborative meetings,engineering briefings, training sessions and ergonomic and psychological surveys. The focusis to emphasize the virtuous cycle among participants and aiming at the improvement of boththe simulation and all the engineering aspects of the represented product(s) (see Figure 1).
 3. State of the art
 The use of virtual reality (VR) and immersive technologies for the design, visualization,simulation and training in support to aerospace research have become an increasinglyimportant medium in a broad spectrum of applications, such as hardware design, industrialcontrol and training for aerospace systems or complex control rooms. VR applications providea panorama of unlimited possibilities for remote space exploration, and their flexibility andpower can impact many aspects of future space programs and missions. Modeling andinteractive navigation of virtual worlds can provide an innovative environment which can
 156 Virtual Reality – Human Computer Interaction
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 Figure 1. A pictorial representation of relationships happening into the VR simulation process. VR is thecore of such a process and, by interacting with it, communications among all the actors shall generateadded value, in term of both easiness in connections and knowledge acquisition / generation
 be thought as an excellent medium for brainstorming and creation of new knowledge, as wellas to synthesize and share information from variety of sources. Nevertheless, they can serveas a platform to carry out experiments with greater flexibility than those ones conducted inreal world. In this section, a review of the projects and works related to the use of VR in thefields of (1) planet rendering (see section 3.1), (2) remote space exploration (see section 3.2)and (3) virtual prototyping (see section 3.3).
 3.1. Planets rendering
 Recently Google Earth, one of the most popular work related to the visualization of theterrestrial environment in 3D, has enabled users to fly virtually through Mars and Moonsurfaces, providing a three-dimensional view that aid public understanding of space science.Moreover, it has given to researchers a platform for sharing data similar to what GoogleEarth provides for Earth scientists. The Mars mode includes global 3D terrain, detailed mapsof the Mars rover traverses and a complete list of all satellite images taken by the majororbital camera. Likewise the Moon mode includes global terrain and maps, featured satelliteimages, detailed maps of the Apollo surface missions and geologic charts. Similar purposesand results are achieved by a number of 3D astronomy programs and planetarium software.The limited 3D modeling capabilities is their major drawback, nonetheless their usefulness interms of public outreach has been definitively demonstrated by the increasing interest amongthe public audience in the space exploration.
 In any case, they are somehow limited in providing suitable space industry services. Theimportance of supporting scientists and engineers work by highly–specialized, immersivefacilities is a milestone at Jet Propulsion Labs and clearly described, among the others, in[35]. In this paper, the authors remark the contributions of 3D Martian soil modeling in thesuccess in accurately planning the Sojourner rover’s sorties during Mars Pathfinder Mission.The need for a well–structured and comprehensive reproduction of large amount of data,collected during Mars probes (especially Mars Pathfinder and Mars Global Surveyor missions)brought researchers to lay stress on VR coupled to astronomy and cartography applications([29] [30] [31]). Indeed, frontiers of knowledge can achieve unprecedented and amazingresults as coupled with tailored VR tools: new research directions spent their efforts bothto increase the overall visual quality of the virtual scenes (e.g. see [3]) and improve the user’sinteraction with those VR facilities (e.g. [11] and [34]). In particular, the first real, immersiveenvironment is the one described in Head’s work [11]. His ADVISER system (Advanced
 157Virtual Simulation of Hostile Environments for Space Industry: From Space Missions to Territory Monitoring
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 Visualization in Solar System Exploration and Research) was conceived as a new form ofproblem–solving environment, in which scientists can directly manipulate massive amountsof cartographic data sets, represented as 3D models. Its novelty was in integrating bothhardware and software technologies into a very powerful corpus, being able to extend andimprove scientists’ capabilities in analyzing such data as they were physically on its surface.On the other hand, a first attempt to place side by side virtual and augmented reality toolswas described in [33]. In order to enrich the users’ experience, the authors created MarsView,where they added a force feedback device to a topographic map viewer. Thus, the hapticinterface favors a more intuitive 3D interaction in which the physical feeling allows the usersto actually touch the Martian surface as they pan around and zoom in on details. The goldenage for Mars exploration from late 1990s onward has really generated an impressive datamole, whose main challenge is represented by its analysis tools. In this sense, examplesabove can illustrate how it could be efficiently faced by exploiting simulation and interactioncapabilities. Nowadays, they are considered as unavoidable winning points for time saving,effectiveness, and catching complex interactions and relationships skills.
 3.2. Virtual remote space exploration
 Interactive 3D computer graphics, virtual worlds and VR technology, along with computer orvideo games technology support the creation of realistic environments for such tasks as docklanding, planetary rover control and for an effective simulation of the space–time evolution ofboth environment and exploration vehicles.In [19] the major characteristics of the available virtual worlds are described, along with thepotential of virtual worlds to remote space exploration and other space–related activities.Here, a number of NASA sponsored activities in virtual worlds are described, like ’NASACoLab Island’ and ’Explorer Island in second life’ (the latter providing spacecraft modelsand Mars terrain surface model based on real NASA data), ’SimConstellation’ that exploresa broad range of lunar mission scenarios and ’SimStation’, simulating the operation of theISS, and training the astronauts to work on the space shuttle and space station. This workalso describes some tools for virtual space activities, including Google Mars 3D and GoogleMoon. Landing on planets and their later exploration in space missions requires preciseinformation of the landing zone and its surroundings. The use of optical sensors mountedto the landing unit helps to acquire data of the surface during descent. The retrieveddata enables the creation of navigation maps that are suitable for planetary explorationmissions executed by a robot on the surface. In [28] a Virtual Testbed approach is usedto generate close–to–reality environments for testing various landing scenarios, providingartificial descent images test–data with a maximum of flexibility for landing trajectories,sensor characteristics, lighting and surface conditions. In particular, a camera simulationis developed including a generic camera model described by a set of intrinsic parametersdistortions; moreover, further camera effects like noise, lens flare and motion blur can besimulated, along with the correct simulation of lighting conditions and reflection properties ofmaterials in space. Besides these images are generated algorithmically, the known data in theVirtual Testbed can be used for ground truth verification of the map–generation algorithms.The work in [13] describes a Human Mars mission planning based on the Orbiter space flightsimulator, where the authors have used Orbiter to create and investigate a virtual prototypeof the design reference mission known as ’Mars for Less’. The Mission Simulation Toolkit(MST) [21] is a software system developed by NASA as a part of the Mission Simulation
 158 Virtual Reality – Human Computer Interaction
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 Facility (MSF) project, which was started in 2001 to facilitate the development of autonomousplanetary robotic missions. MST contains a library that supports surface rover simulationby including characteristics like simulation setup, controls steering and locomotion of rover,simulation of the rover/terrain interaction, power management, rock detection, graphical 3–Ddisplay. In another work carried out by NASA Ames Research center [7], a visualization andsurface reconstruction software for Mars Exploration Rover Science Operations is analyzedand described. It is based on a ’Stereo–pipeline’, a tool that generates accurate and dense3D terrain models with high–resolution texture–mapping from stereo image pairs acquiredduring Mars Exploration Rovers (MER) mission. With regard to lunar environment modeling,a realistic virtual simulation environment for lunar rover is presented in [36], where FractionalBrown motion technique and the real statistical information have been used to modeling thelunar terrain and stones, forming a realistic virtual lunar surface, where main features maybe easily expressed as simulation parameters. In this work a dynamics simulation model isdeveloped considering the mechanics of wheel–terrain interaction, and the articulated bodydynamics of lunar rover’s suspension mechanism. A lunar rover prototype has been tested inthis environment, including its mechanical subsystem, motion control algorithm and a simplepath planning system.
 3.3. Virtual prototyping
 Prototypes or mock–ups are essential in the design process [25]. Generally a mock–upinvolves a scale model, more frequently full size, of a product. It is used for studying,training, testing, and manufacturability analysis. Prototyping, which is the use of mock–upsfor designing and evaluating candidate designs, can occur at any stage of the design process.In a later stage, mock–ups are already completed in every detail and can be used fortesting ergonomic aspects. However, physical prototypes can be expensive and slowly tobe produced and thus can lead to delays in detecting eventual problems or mismatches in thesolution under development.
 Computer science offers the opportunity to reduce or replace physical prototypes with virtualprototypes (VP). A VP is a computer–based simulation of a physical prototype and having acomparable degree of functional realism than a physical prototype but with the potential toadd some extra functionality. By using VP, different design alternatives can be immediatelyvisualized, allowing users to give real-time feedback about the design alternatives and theiruse. Furthermore, changes to the solutions can be made interactively and more easily thanwith a physical prototype, which means that more prototypes can be tested at a fraction oftime and costs required otherwise. The last feature is particularly crucial for the developmentof ’one–of–a–kind’ or ’few–of–a–kind’ products.
 The use of VR can contribute to take full advantage of Virtual Prototyping. In order totest the design optimization of a VP product in the same way as the physical mock–up, ahuman–product interaction model is required. In an ideal way, the VP should be viewed,listened, and touched by all the persons involved in its design, as well as the potential users.In this scenario VR plays a meaningful role since it can allow different alternative solutions tobe evaluated and compared in quite a realistic and dynamic way, such as using stereoscopicvisualization, 3D sound rendering and haptic feedback. Therefore VR provides a matchlessand more realistic interaction with prototypes than possible with CAD models [17].
 159Virtual Simulation of Hostile Environments for Space Industry: From Space Missions to Territory Monitoring
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 By using VR tools, not only aesthetic but also ergonomic features could be evaluated andoptimized. There are several approaches for the ergonomic analysis in a VR scenario. Thefirst involves having a human operator interacting with the VE through haptic and/or tactileinterfaces and the second is based on human virtual models that will interact with the VP, ina pure simulation technique. These human virtual models can be agents, that are created andcontrolled by the computer, or avatars, controlled by a real human.
 4. VR for collaborative engineering
 Model Based System Engineering (MBSE) is the term currently used to represent the transitionbetween system data management through documents (e.g. specifications, technical reports,interface control documents) to standard–based semantically meaningful models, to beprocessed and interfaced by engineering software tools. MBSE methodologies enable asmoother use of VR in support to engineering teams, representing one of the most interestingapplications.
 The core of a MBSE approach is the so–called system model, that is the collection of differentmodels, representing one of the possible baselines of the product, and formally describingthe different, characterizing features throughout the product life cycle. In particular MBSEprovides a consistent representation of data from the system requirements to the design andanalysis phases, finally including the verification and validation activities. With respect toa more document–centric approach, the different characteristics of a product are definedmore clearly, from its preliminary definition up to a more detailed representation. Thisshall ensure less sensitivity to errors than the traditional document–centric view, still widelyused for system design. MBSE methodologies have highlighted the capability to managethe system information more efficiently compared to the existing approaches. This processallows introducing advantages that draws attention particularly for commercial implications.Indeed, since the last decade many industrial domains have been adopting a full–scaleMBSE approach through their research, developments and applications, as demonstrated byINCOSE (International Council of System Engineering, [41]) initiatives in that sense. Thereis not a unique way to approach MBSE. The main discriminating factor is the definitionof concepts, as a semantic foundation derived from the analysis of the system engineeringprocess. The resulting conceptual data model shall be able to support the product andprocess modeling, with a particular emphasis on the data to be exchanged during theengineering activities, considering both people and computer tools. The selection or definitionof the modeling and notation meta–models is specific to the needs of a particular domain,and even engineering culture, but it shall be compatible with current efforts, so to assurecompatibility between tools and companies. A joint team from TAS – I and Politecnico diTorino is currently involved in researches focusing on the latest developments in this domain,with a particular emphasis on active participation on the related European initiatives. Forinstance, worthwhile experiences are: the Concurrent Design Facilities for the preliminaryphases (lead by ESA experience in its CDF [38], but also in the ASI CEF&DBTE [23] and inindustrial practices inside TAS – I); the ESA Virtual Spacecraft Design on–going study for moreadvanced phases [8]. The current developments have the objective to summarize the abovementioned initiatives, giving the possibility to be in line with the ongoing standardization andlanguage definition efforts (e.g. ECSS–E–TM–10–25, ECSS–E–TM–10–23 ([37]), OMG SysML[45], Modelica [44]). The definition of a system model generally involves several engineeringdisciplines in a deeper way with respect to the traditional approach. The project team is
 160 Virtual Reality – Human Computer Interaction
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 composed by experts belonging to engineering and/or scientific areas that are very differentamong them. In this context the VR definitely becomes a useful tool in the management of dataavailable, providing the technology necessary for effective collaboration between differentdisciplines. The VR allows viewing directly data and information that are often difficult toread for those who may not have technical background but who are otherwise involved in thedesign process of a given system.
 The MBSE methodology is commonly characterized by the definition of all the processes,methods and tools that allow supporting and improving the engineering activities. Inparticular it is possible to consider some of experiences that are evolving within variousorganizations’ system engineering structure and procedures and that are spreading throughtechnical publications and studies. For instance Telelogic Harmony–SE� represents asubset of a well-defined development process identifiable with Harmony� [6]. In this caseactivities as requirements analysis, system functional analysis and architectural design areproperly related each other within the context of life cycle development process. Anotherexample may be expressed with INCOSE Object–Oriented Systems Engineering Method(OOSEM). The model–based approach introduced is characterized by the use of OMGSysML™ as an instrument to outline the system model specification. This languageenables a well-defined representation of the systems, supporting the analysis, design andverification activities [20]. IBM Rational Unified Process for Systems Engineering (RUP SE) forModel–Driven Systems Development (MDSD) may be considered an interesting methodologysimilarly to the examples considered above. In particular this process is derived from theRational Unified Process� (RUP�) and it is used for software development in the caseof government organizations and Industrial [16]. Vitech Model–Based System Engineering(MBSE) Methodology is another example where a common System Design Repositoryis linked to four main concurrent activities defined as: Source Requirements Analysis,Functional / Behavior Analysis, Architecture / Synthesis and finally Design Validation andVerification [32]. The elements that characterized the methodologies presented above as othersimilar initiatives are particularly suitable for the management of complex situations, whichare difficult to handle when the product development progresses over time. For instancethe study of hostile environments, such as the analysis of certain space mission scenarios,generally leads to the definition of high complexity systems. In this case the management of aconsiderable amount of data through a coherent and flexible way has expedited the spread ofmodel–based methods. The growing complexity of systems that are analyzed often becomesincreasingly too difficult to realize a proper collaboration, avoiding at the same time potentialdesign errors. The MBSE provides the necessary tools to formally relate the possible aspectsof a given system. A representation through the techniques of VR about hostile environments,as well as a similar view of the data generated, points out many advantages. The VR allows,in relation to the structure data available through MBSE approach, to define in an extendedmanner the system architecture, while ensuring greater availability of information. Anotherbenefit is also linked to the clarity with which the VR allows to report for instance thedevelopment phases of a given system. Virtual model directly connected to the network ofinformation of a unique data structure also ensures access to the most current representationof the system.
 Based on the progress made in recent years VR allowed to generate an ever more faithfulrepresentation of the reality about the possible physical phenomena that are analyzed. In thismanner it is therefore possible to consider the generation of virtual environments where to
 161Virtual Simulation of Hostile Environments for Space Industry: From Space Missions to Territory Monitoring
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 conduct realistic simulations of possible scenarios in which the system can potentially operateso making use of the time variable (the 4D). The advantages related to this capability arehighlighted in the ability to reproduce situations for which the construction of a real mock–uprequires substantial economic investment. This becomes evident especially in the aerospaceindustry where both the complexity of the systems involved, the high amount of changes tomanage and the possible operational scenarios require a limitation of the physical prototypesthat are built. Today space domain is becoming a free worldwide market so there is a cleartrend towards a reduction of economic costs that are incurred during the project and thatmost affect the tests that are made on real physical systems. The generation of virtual modelshas also the advantage to be able for example to analyze directly different possible designalternatives. Through the use of VR in fact more people may be involved at the same timein project activities for which there are discussions about equivalent system configurations.Generally the development of virtual environments becomes necessary when there is the needto face critical situations. VR in fact allows considering environments that commonly are notpossible to reproduce on Earth, as for instance in the case of space mission scenario: gravity,dust. In a virtual model it is possible instead to recreate some of the characteristic featuresthat we can potentially find during these situations. Moreover it is possible to manage thesystem variables to proper modify the scenario, considering in this manner other differentconditions for the system under analysis. This capability could be difficult to reproduce withreal physical elements mainly because of the economic investment that would require. Thesimulations that can be realized in VR environment allows also to avoid all the possible unsafesituations for the possible user. This characteristic becomes of particular interest for humanspace activities where often certain actions may lead to harmful situations.
 MBSE techniques applied to space projects are often associated to 2D diagram–based models(e.g. an activity diagram in SysML, a control loop visualized in Simulink), or to 3D virtualmodels (e.g. a virtual mock–up built with a CAD application, multi–physics analysisvisualized with CAE tools). These visualization techniques reached a high degree of maturityin the last decade, deriving from different experiences performed at discipline level. Just asan example, a SysML–like representation is closer to a software engineer than to a mechanicalengineer. In a multidisciplinary team, the integration of discipline–level defined data in asystem–level Virtual Environment represent an effective way to assure the full understandingby the whole team of the key system issues, representing a WYSIWYG at product level, suchas a modern word processor is for a document. Figure 2 shows a simplified example ofintegration of tools in VR. The CAD model is used to define the physical configuration, andretrieve the related drawing. Current applications allow the user to calculate and/or store inthe same CAD model also relevant properties, such as mass, moments of inertia (MOI), centerof gravity position. Such values are of interest of the whole team and through dedicatedinterfaces those properties may be extracted and related to the system architecture (productstructure, interfaces between elements). If in the same integrated environment the CAD modelis linked with the system model providing input for simulations (e.g. mass properties forspacecraft dynamics) then the Virtual Environment allows a project team to visualize them inthe same place.
 The above mentioned approach may be used to visualize products and their properties(with precise values, such as mass properties or nominal values). As far as the productelements are linked with the virtual reality elements, also their behavior may be associatedthrough the related parameters (e.g. instantaneous position). Behaviors are represented by
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 functions (e.g. Provide Locomotion, with related ports with the Distribute Electrical Energyfunction, and the Environment functions for the terrain). Each function (or composition offunctions) can be represented by a model able to provide simulation capabilities. Figure 3shows an example at data level of linking between virtual reality and Modelica code throughthe system model. The integration of simulation models allow the Virtual Environment tobe the collector of engineering discipline analysis, but a complete system level simulatoris still far to be implemented in such way and it is subject of our current research. Theintegration of several simulations requires a simulation process manager and a revision of thesimulation models to be able to include the multi–effects. As explained in previous sections,the virtual environment may contain own simulation capabilities, thanks to an embeddedphysical engine, able to simulate e.g. collisions, dynamics, soft bodies. These features may beused for a rapid prototyping of the simulation, providing rapid feedback during concept andfeasibility studies, as well as during the evaluation of alternatives.
 Product and operational simulations does not saturate the VR support capabilities for a projectteam. The use of the VR with embedded simulation capabilities may also be used to validatepart of the AIT (Assembly Integration and Test) planning, supporting the definition andsimulation of procedures, or for training purposes. Procedures can be created in VR, theycan be validated and then made available using Augmented Reality (AR) format so that toguide hands free assembly task execution (see Figure 4).
 Figure 2. A scheme showing the connection between MBSE approach and VR environment seen as anatural finishing line to improve all the designing phases and to support teams during their work.
 Figure 3. VR association to the system model at data level (modeled by Modelica language), where eachobject in a virtual world has a formal description at a higher level.
 5. Modeling environments
 Since space environments are extreme with respect to Earth’s ones, a careful model of them ismandatory before undertaking any scientific mission. The study of real operative conditions
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 Figure 4. Current experiments performed in TAS – I focusing on the evaluation of the potential benefitsof a VR / AR approach: user feed–backs are encouraged to improve their implementation.
 spans from understanding physical laws to defining geological composition of the surface,from measuring magnetic fields to analyze natural phenomena. Of course, the better theknowledge, the greater the likelihood to succeed in a mission. That is, failure factors suchas malfunction, mechanical crashes, accidents and technical unsuitability are less likely tohappen, while crew safety, support decision optimization, costs reduction and scientificthroughput and outcome will increase consequently. The added value of VR in this context isits ability in supporting this need for realism in a smart and effective way.
 5.1. Physic laws
 Technically speaking, a physic engine is a software providing a numerical simulation ofsystems under given physical laws. The most common dynamics investigated by suchengines comprise fluid and both rigid and soft bodies dynamics. They are usually based ona Newtonian model and their contribution to virtual worlds is to handle interactions amongseveral objects / shapes. This way it is possible to model object reactions to ambient forcesand therefore create realistic and complex software simulations of situations that might behardly reproduced in reality: for instance, by changing the gravity constant to the Moon one(that is more or less one sixth of the terrestrial value), it is possible to handle objects as theywere really on Earth’s satellite; similarly, precise space module conditions could be achievedin order to train astronauts in a (close to) zero gravity environment. The great advantages ofthese solutions are cheapness, flexible customization and safety. Indeed, with respect to othercommon solutions usually adopted, such as parabolic flies, they do not require expensivesettings to work - a modern PC with standard hardware, graphical card and processingpower is more than enough to perform simulations of medium complexity. At the sametime, setting–up virtual world behaviors relies mainly on customizable parameters as inputsfor the simulation algorithms. Lastly, digital mock–ups can be stressed out till very extremeconditions without their breaking physically occurs. And also final users are not subject toany risks while they are facing a simulation.
 The two main components a modern physics engine typically provide, concern rigidbody dynamics, that is a collision detection/collision response system, and the dynamicssimulation component responsible for solving the forces affecting the simulated objects. Morecomplex cores allow engines to successfully deal with particle/fluid, soft bodies, joints andclothes simulations. Given all those features, it appears clear why a physic engine allowsstudying natural and artificial phenomena with ambient conditions that are different fromthe Earth ones: for example, testing dust behavior at gravity conditions on Mars (natural
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 phenomena), or driving a Martian rover acting on velocity, friction and external forces(artificial phenomena). Virtual reality simulations are so flexible that specific and reiteratedtests could be performed several times in a row. This could be accomplished for a variety ofscenarios: for instance, training crew in performing particular difficult actions could lead tofind the best practice for a given task; simulating different terrain conformations could helpin finding possible troubles on the way of an autonomous, robotic vehicle; pushing the use ofsome mechanical component to the limit could suggest how resilient it is to external stresses,its risk threshold and so on.
 When physic engine results are connected to suitable input/output devices being able toreturn perceptions to the user, then the realism of the simulation is definitely increasing.Therefore, feedbacks making the user feel lifelike forces and sensations (e.g. bumps of anirregular terrain while driving a rover or the weights in moving objects) push further specificstudies in complex fields. For example, by means of haptic feedback device and motioncapture suite it is possible to perform ergonomic and feasibility studies (i.e.: reachability testto check if an astronaut is able to get to an object and then to perform a particular actionlike screwing a bolt). On the other side, a primary limit of physics engine realism is theprecision of the numbers representing the positions of and forces acting upon objects. Directconsequences of this assertion are: rounding errors could affect (even heavily when precisionis too low) final computations and simulated results could drastically differ from predictedones, if numerical (small) fluctuations are not properly taken into account in the simulation.To avoid such problems, several tests on well-known phenomena should be performed beforeany other simulation in order to detect the margin of error and the index of trustfulness tocount on.
 5.2. Terrain modeling
 To model planetary surfaces like the Moon and Mars ones, a Digital Elevation Model (DEM)is required. Technically speaking, it looks like a grid or a raster-graphic image whereelevation values are provided at regularly spaced points called posts. Reference DEMscome from NASA High Resolution Imaging Science Experiment and Lunar ReconnaissanceOrbiter missions (HiRISE [39] and LRO [42] respectively) and represent the most up-to-dateand precise advances in space geology measurements and cartographic imagery. In general,ground data can be derived at a post spacing about 4X the pixel scale of the input imagery.Since HiRISE images are usually between 0.25 and 0.5 m/pixel, each pixel describes about 1-2m. Vertical precision is then also very accurate, being in the order of tens of centimeters.The altitude computation is a very time intensive procedure and requires several stagesas well as careful pre–and post–processing data elaboration, sophisticated software, andspecialized training. During this process, image elaborations techniques could inherentlyintroduced some artifacts but despite this fact, a near-optimal reconstruction satisfy modelingconstraints is largely possible. For more detailed information about the complete (Mars) DEMcomputation process, see [9] and the on-line resources at [40]. Instead, for a visual reference,look at Figure 5.
 Inserting a terrain model into a virtual scene is only the first step we perform to achieveenvironmental reconstruction. Indeed, the description of a planet could be more complicatedthan it appears at a first glance. In the next sub–sections, we will describe how to enrich the
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 simulation of a planetary terrain by inserting more typical landscape elements and modelingnatural phenomena occurring on their surfaces.
 Figure 5. Examples of DEM processing on Victoria Crater pictures. From left to right: High resolutionphoto (from http://photojournal.jpl.nasa.gov/catalog/PIA08813); The original DEM computed asdescribed in [22]; A front view of our final 3D model (raw model + texture)
 5.2.1. Rocks
 Almost every image taken from astronauts and/or robotic instrumentation shows Mars (andsomehow the Moon too) to be a very rocky planet. But those details do not appear intoreference DEMs, despite their astonishing resolution. Even if those small details cannot (still)be caught by advanced laser instrumentation, the presence of rocks and stones poses a severechallenge for robotic equipment because they increase the chance of a mechanical crash incase of collisions. Then, for the sake of a better plausibility, we have to add rock modelson the so far reconstructed surface. In that sense, studies made for Mars, like [10] and [4],are really useful because they describe a statistical distribution of them, with a particularemphasis of those terrains visited during rover missions, like the Pathfinder site. Moreoverthey can estimate both the density and rock size-frequency distributions according to simplemathematical functions, so that a complete description of the area is furnished. Those dataturn to be really useful especially during landing operations or when a site has to be exploredto assess the risks in performing exploration tasks. For instance, those model distributionsestimate that the chance for a lander impacting a >1 m diameter rock in the first 2 bounces is<3% and <5% for the Meridiani and Gusev landing sites, respectively.
 Our 3D rock models are inserted onto the terrain by following that statistical approach andaccording to specific site parameters such as the total number of models, size and type.During simulation sessions, that distribution could change. The aim is clearly at forcingoperational situations in order to analyze reactions of the simulated equipment in hardlyextreme conditions. In particular, thanks to the collision detection engine, it is possibleto evaluate impact resistance factors to guarantee the highest level of safety ever. From amodeling point of view, the rock generation procedure could be summarized as follows: i)generate a random set of points (rock vertices) in a given 3D space; ii) compute the convexhull in order to create the external rock surface; iii) compute the mesh of the given volume; iv)adjust and refine the model (e.g., simulate erosion or modify the outer appearance with respectto shape and roundness) in order to give it a more realistic look; v) statistically compute thesite on the planet surface where the rock will be laid; vi) put the rock onto that site accordingto the normal direction in that point. Examples of rock skeletons (that is after the first three
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 steps of the previous algorithm) are shown in figure 6, while complete rocks can be seen inmany figures spread across this paper.
 Figure 6. Examples in generating rocks having both different shapes and number of vertices.
 5.2.2. Dust
 Another issue is represented by the presence of an huge quantity of dust laying down onthe soil. When any perturbation of the stillness state occurs (such as the rover transit or anastronaut’s walk), a displacement of an huge amount of small, dusty particles is caused: theycould form big clouds raising up quickly and being in suspension for a long time period after(because of the lower gravity). Scientific literature describes this phenomenon mainly for theMoon because of the several lunar missions undertaken in 70s and 80s. For instance, studieslike [1], [15] and [5] show in details the typical behavior of dust when its particles are emittedby a rover wheel: schemes and formulas are then given (for instance, to determine the angle ofejection or the distance a particle covers during its flight) with the aim of characterizing thisunavoidable effect, which should definitely modeled in our simulations since it affects anyoperational progress. Indeed both the visual appearance and the physical behavior of dusthave to be carefully represented. In the former case, to test driving sessions under limitedconditions in the vision field or to find a set of man-oeuvre being able to lift the smallestquantity of dust as possible. In the latter case, because avoiding malfunctions, especially forthose modules directly exposed to dust interaction (e.g. solar panels, radiators and wheelsjoints), is still a high-complex engineering challenge.
 5.2.3. Atmosphere events
 A thin atmosphere is surrounding Mars. Even if it could not be compared to the Earth’s one,some weak weather activities happen all the same in it, so that winds blow and seasons rotate.The presence of winds in particular could be considered as an issue, especially during somethorny task performance, like a capsule landing. Therefore even this new factor should besimulated efficiently.
 The Mars Climate Database (MCD, [43]) offers an interesting set of data particularly suitablefor that purpose. Indeed, it collects several observations (e.g. temperature, wind, chemicalcomposition of the air and so on), caught at different sites and over periods, and focusingtowards the definition of a complete 3D Global Climate Model (GCM) for Mars. In [24] and[14] further details on such models can be found. A complete predictive model for Martianatmosphere behavior is still far to come to a complete end, but some good approximationscould be achieved through a simplified version of the Earth’s weather models. In particularand without loss of generality, a simpler version of equations described in [24] have beenconsidered throughout our experiments1. Technically speaking, they are Navier-Stokes
 1 Where the simplification comes after considering Martian atmosphere distinctive features, such as extreme rarefaction,(almost) absence of water vapor and heat exchange, lower gravity and so on
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 equations describing the 3D wind directions and changes in pressure and temperature. Sinceour interest is on being able to describe the weather situation at a given interval of time andwith respect to a limited area of the planet (that is a landing site typically), they are used todefine a Local Area Model for which the input data come from the MCD itself. In other words,the goal is to adapt global models to a smaller scale (meso-scale) for which both precisionand accuracy might be guaranteed at most for short-term forecasts. However, caution ininitializing data has to be undertaken because even small errors in them could potentiallyhave a huger impact for those reduced area.
 First results made on the Pathfinder site showed a good approximation in describing thewind activity, compared to different MCD entries. Visualizing them in a 3D environment(see Figure 7) represent therefore a first step towards a fully definition and integration of aMartian weather ’forecast’ predictor. When this result will be achieved robustly, missionsdefinition will gain another powerful tool to ensure reliability and safeness.
 Figure 7. Representation of winds in the Martian atmosphere at several time intervals. Arrows points tothe blowing directions while their size encodes their strength.
 6. Scenarios
 The goal of this paragraph is to show how virtual reality paradigm can be adopted for realapplications into the space industry domain. Case studies described in the following representonly a small part of the most innovative activities undertaken at TAS – I. Nevertheless they arereally representative of how flexible and effective VR simulations are for several challengingand practical problems.
 6.1. Rover driving
 This is maybe the best example to explain the tight collaboration among several scientificdisciplines when there is the need to represent several data into a visualization applicationonly. Indeed, it comprises contributions from: astronomy and geology (high–resolutionplanet surfaces and rocks modeling); physics (to handle the behavior of objects according tospecific environmental conditions); technical engineering disciplines (to set–up the 3D rovermodel as a logic set of layers and sub–systems, considering for each of them its workingfunctionality as both a stand–alone and in collaboration with all the other ones); ergonomic (tounderstand astronauts’ requirements about a comfortable and safe life on board and thereforedesign suitable tools); human–computer interaction (to design interfaces to help crew inunderstanding the surrounding environment and take actions accordingly).
 Figure from 8 to 13 shows many of the features aforementioned. We present two differentscenarios: on Mars (Figure 8–10) and on the Moon (Figure 11–13). In the former case, we
 168 Virtual Reality – Human Computer Interaction

Page 17
						

Virtual Simulation of Hostile Environments for Space Industry: from Space Missions to Territory Monitoring 17
 Figure 8. The interface for rover driving: Mars scenario. When possible accidents are likely to occur, ared hazard alert is shown to the driver (picture below).
 Figure 9. Danger: the rover is falling down into the crater and crashing against a rock. Anotherhazardous man-oeuvre: the rover is rolling over after going around a bend
 reconstructed an area of approximately 1 km2 where the Victoria Crater, an impact one locatedat 2.05◦S, 5.50◦W and about 730 meters wide, stands. Instead in the latter case, our attention ispaid to Linnè Crater in Mare Serenitatis at 27.7◦N 11.8◦E. The goal is to drive a (prototype ofa) pressurized rover –that is an exploratory machine with a cabin for human crew –onto thosesurfaces, avoiding both to fall down into the pits and crashing against natural hindrances(mainly massive rocks, such as those ones depicted in Figures 8 and 9). The task is mademore difficult by the presence of huge clouds of dust which, according to the specific planetsconditions, are usually thicker, broader and take more time with respect to the Earth todissolve completely. Since in those situations the visibility could be extremely reduced, theimportance of being able to rely on secure instrumentation, prior knowledge of the terrainto be explored and accurate training sessions is essential, because indeed, any error couldhave wasting consequences on crew and equipment. Therefore, astronauts should be ableto fully understand all the risks, the policies to avoid them and how to approach every stepin such missions. In this context, a VR simulation offers a reliable tool to safely undertakesuch training. To help the crew to perform their duty, a suitable, basic interface has beenbuilt. It stands on the rightmost side of the screen where a double panel is shown. In the firstone, at the top right corner, parameters such as roll, pitch and yaw angles, level of battery,speed, acceleration and outside temperature, are mapped onto a deformable hexagon, to keepthem always under control. Their values are continuously updated during the simulationto suddenly reflect the current situation. If all of them are kept under a pre–defined safetythreshold, the whole hexagon is green. When an alert occurs, the respective parameter turnsto red: in this case, the crew should take appropriate countermeasures to face that danger (forinstance, by reducing the rover speed). In the second control panel, a small bird’s–eye–viewmap of the surroundings is depicted. On this map, small red circles represent potentialhazards, such as huge rocks. As the rover is reducing too much its minimum safety distance(that is, it could run into collision with a rock), a red alert appears, so that a correct man-oeuvrecould be undertaken in time. To help the drivers a blue cylinder is projected facing the engine
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 too. In this case, it points out where the rover will be after a configurable, small amount oftime (e.g., 20 seconds) if any change in the march occurs. The driving commands are giventhrough a suitable interface aiming at reproducing the corresponding mean to be mounted onthe rover (e.g. control sticks, levers, steering wheel and so on). They could be either somehaptic interfaces (with or without the force feedback impulse) or, as in our case, wii–motes.The direction as well as the intensity of the strength applied to the rows is shown by a coupleof green arrows.
 Figure 10. The Martian dust. Since Mars is a rocky and sandy planet, ejecting dust is really likely tohappen. Thickness and density of dust clouds depend on several factors, including the speed the rover istraveling. The presence of dust could be a problem for safe driving, building–up on solar panels, andunpredictable effects by intruding in exposed mechanical parts.
 Figure 11. The Lunar scenario. A close look to the surface of the Lunar Linnè Crater. The surfacereproduced here is only a small portion of the whole Lunar soil. Indeed Lunar DEM do not cover yet thewhole surface of the terrestrial satellite.
 Figure 12. A possible look for a scouting expedition rover, with both the external and inner views. Theergonomic in designing machines and tools to explore planets is a crucial aspect in the whole scientificmission setting–up, beside its operational functionalities. Among the main requirements needed for that,we can cite comfortableness, habitability and safety.
 6.2. Planet landing
 Another essential task (and another typical example where cooperation among disciplines isstrictly essential) is to bring onto the extra–terrestrial surface all the machinery required for
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 Figure 13. Dust behavior modeling: in a physical environment (leftmost image) and on Moon, where itis lifted up by rover transit. Dust emitters are positioned on rover’s wheels. In principle, only a smallnumber of dust particles are modeled. The dust cloud is then rendered for realistic simulations byadding some visual effects and simulating the presence of more particles around the original ones. Allthe equations used to simulate particles trajectories have been taken by [15]. Similar works for Mars arestill missing at the best of our knowledge. Therefore, we adapted the Lunar ones to match the Martianenvironment.
 the scientific mission. This operation is usually performed by a lander. It could be thoughtas a composition of at least three distinct parts: the capsule, the propulsion system, and theanchoring units. The first module carries all the machinery to settle on the ground; the secondpart is used during both the take–off and the landing and it aims at balancing loads andthrusts and avoiding sharp and compromising movements; the last one is the first one totouch the soil and has to soften the landing and provide stability. This kind of operation isreally ticklish because in case of failure, the equipment is very likely to be lost or damagedor having malfunctions. To avoid such a possibility, carefulness in choosing the landing siteis mandatory: interesting sites from the scientific point of view could be landing targets if inthe surroundings a flat terrain, almost rock–free and without any other obstacle is present.Therefore, an accurate research should be performed prior the implementation of the missionitself. During the VR tests, different landing sites could be tested, till the most appropriateone is detected (see the first two pictures in Figure 14). Those trials are suitable for anothercouple of things. First of all, to test endurance, impact absorption, breaking and tensilestrength and some other mechanical properties of lander legs. In this case, series of physicalsimulations should be set up to test changes in parameters and find the right combinationof them to guarantee the maximum of safety in real operative environments. (see the lastpicture in Figure 14) Then, since dust clouds are a major challenge, blind landing shouldbe taken into account. In this case, both automatic and manual landing operations have todeal with complementary sensors (e.g. sonar and radar) integrating previous knowledgeof the targeted site. In this case, VR simulations can help scientists to find the best descentplan according to the supposed hypothesis and the real operative situations, which can besurprisingly different from the first ones. Therefore, plan corrections should be undertakento face problems such as malfunctions, higher speed, error in measuring heights, winds (onMars) and other unpredictable events.
 6.3. Visualizing radiations
 Scientific visualization is an interdisciplinary field whose objective is to graphically representscientific data so that scientists could understand and take a more detailed insight of them. Itusually deals with 3D structures and phenomena coming from several science branches suchas astronomy, architecture, biology, chemistry, medicine, meteorology and so forth. Computer
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 Figure 14. Preparing a landing mission. From left to right: a scale model of the targeted terrain; its 3Delaboration (from a scanned cloud of points) for VR applications; physical tests on landing legs. Legs arecomposite models with many joints connecting all the parts whose mechanical properties are the subjectof several researches undertaken at TAS-I. The red and green arrows display strength and direction ofapplied forces.
 graphics plays a central role because of its techniques in both rendering complex objects andtheir features (among the others volumes, surfaces, materials and illumination sources) anddealing with their evolution in time (see [18]). The importance of visualization is essential tomanage complex systems and when events to be displayed are invisible (i.e., they could notbe perceived because of either micro–or even lower scales or they happened outside the opticfrequency band). In those cases, visual metaphors should be used to show such phenomenaand therefore keep the audience aware of their existence, effects and consequences. Thisapproach has been successfully applied to projects aiming at investigating how radiationswill affect human health and electronic components during space missions. In particular,we focused on representing the Van Allen radiation belt surrounding the Earth. This area islocated in the inner region of the magnetosphere and mainly composed by energetic chargedparticles coming from cosmic rays and solar wind. The purpose of this study is to show howradiations will spread and amass on and all around the whole spaceship volume, given thesignificant time spaceships spend in orbit. This way, it will be possible to design suitablecountermeasures to shield against all the potential risks. As shown in Figure 15, the belt hasbeen represented as a ball of threads enveloping Earth, getting thicker and thicker as timeflows and spaceships orbit our planet. At the same time, a color scale gives to the observer thefeeling of danger, by ranging from cold (that is, low risks) to warm colors (highest damages)(Figure 16).
 Figure 15. Radiations hitting a spaceship as it orbited around the Earth (first two images: cumulativeamount of electrons; last two images: protons)
 6.4. Cargo accommodation
 The International Space Station (ISS) is the farthest outpost of the human presence in spaceand can be thought as an habitable satellite. Since 1999, its pressurized modules allowedthe presence of astronauts whose main goal is to conduct experiments in several fields
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 Figure 16. Other representations of Van Allen’s belt, showing the integral and differential radiationdoses. As they exceed tolerance limits, an alert message is shown in red.
 by exploiting its micro–gravity and space environment research facilities. Shuttle servicesprovided in years a continuous turnover of astronauts as well as supplies, vital items andscientific equipment. Anyway, carrying provisions and other stuff back and forth is far frombeing a simple task, at least in its designing phase. Indeed, the most difficult challenge is howto put the greatest amount of items into a cargo so that time, money and fuel could be savedand providing at the same time the best service as possible. In other words, it means facing thewell–known knapsack problem on a larger scale. The CAST (Cargo Accommodation SupportTool) program has been established to work out that problem by optimizing the loadingwithin transportation vectors such as Culumbus and ATV (Automated Transfer Vehicle).Practically speaking, it has to find the optimal disposal for items (usually bags) into racks,that is the main focus is on properly balancing the loading. This means finding the bestcenter of mass position for each rack into the vector, such that resource wasting is minimal,any safety issues will occur and it will take the smallest number of journeys as possible.The balancing problem can be solved algorithmically through an interactive, multi–stageprocess, where problems such as items–racks correlation, rack configuration and item, racksand cargo accommodation have to be addressed. The result is a series of 3D points, whosefinal configuration corresponds to how bags have to be stored into racks according the givenconstraints. A visual representation of them is particularly useful if it could be conceivedas a practical guide to help people during load/unload phases. In order to allow usersto test several configurations at run–time and analyze how they will affect the final cargoaccommodation, direct interaction has been guaranteed through wii–motes, data gloves andforce–feedback haptic devices. Moreover, in order to guarantee the best simulation as possible,physical constraints have been added too. So, easiness in picking and moving objects will beaffected by object masses and weights; collision detection among bags and racks will limitmovements in changing object positions and guarantee at the same time the consistency ofresults (that is, impossible positions cannot occur).
 6.5. Understanding natural risks
 Although TAS – I experience in modeling 3D terrains is principally devoted to reconstructextra–terrestrial soils, we can present here an example of an application involving Earthterritories. The work comes after Alcotra–Risknat (Natural Risks) project. Alcotra is anEuropean Commission approved program for cross–border cooperation between Italy andFrance. In the context of improving the quality of life for people and the sustainabledevelopment of economic systems through the Alpine frontier between the two countries,a special care towards enforcing public and technical services through a web–based platformin the natural risk protection field is given. Among the objectives, we can remind the need to
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 Figure 17. Visualizing bags disposal into ATV cargo racks. From left to right: the bags inside theircontainer as they arrived at ISS; ATV module (in transparency) after docking the ISS station; a close lookto bags to see the photo–realistic textures describing them. Such an application could be used as a guidehelping during load/unload operations and to recognize single bags.
 Figure 18. A schematic view of bags and racks to solve the balancing problem in a graphical way.Moving a bag (in green) will change the center of mass position and therefore the balance optimization.Physical constraints can limit the bag movements. The center of mass position is graphically updatedafter every new change.
 provide innovative technological strategies to manage territory policies efficiently; developan environmental awareness depending on sustainability and responsible management ofresource use paradigms; coordinate civil defense facilities and equipment in the cross–borderareas. Given this context, our main contribution consisted in a 4D physically–realisticsimulation demo of a landslide occurred at Bolard in the high Susa Valley. Thanks tostereoscopic vision and 3D sound effects, we developed interactive and highly immersivescenarios for citizen risks awareness purposes. The demo consists of a 3D model simulatingthe physical propagation of debris and rocks slides in a mountain site (see Figures 19 and20). The simulation has been built on real geological data coming after in situ measures andgiven the local terrain morphology and orography at that time. Photos and videos of thatperiod have been used to both reproduce the slide path along the interested mountainsideand reproduce the likely appearance (e.g., color, density, speed and so on) of the slide itself.
 Figure 19. Scenario for RiskNat simulation: a landslide in the Susa Valley (Piemonte, Italy). From left toright: the mountain raising up the village of Bolard; three different views of the mudslide. Thecartographic data have a resolution of about 5 meters. The slide run has been modeled according todensity, viscosity and speed parameters very close to the original ones.
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 Figure 20. Scenario for RiskNat simulation: the village of Bolard. From left to right: the village beforethe arrival of the landslide; the flow of mud, rocks and debris at the village gate; all the buildingssubmerged just after the flood.
 7. Conclusions and future work
 The COSE Center facility is an innovative and highly technological equipped laboratory,currently involved into developing both VR and AR applications to support inner researchat TAS-I. After being successfully used in several fields such as the entertainment industry,they have been satisfactorily introduced also in the management of complex productionprojects with the aim of improving the quality of the whole engineering steps chain, fromthe collection and validation of requirements till to the final realization of the product itself.TAS-I proficiently application to its products is double-folded. First, as a new, integratingtool in all the decision making phases of a project, by supporting manual engineeringtasks and other well-known instruments (e.g., CAD) and overcoming their limitations.Second, as a set of interactive simulation tools, being able to realistically reproduce hostile,extra-terrestrial environments and therefore supporting disciplines to properly understandoperational behavior under extreme conditions. The VR facilities could be considered as acenter of attraction to improve knowledge, technical skills and know-how capability. Thisenables the COSE Center research activities to have reached several positive results in thepolicies of simplifying the team approach to complex products and projects. Among them,we could cite a better interaction with customers and suppliers and among multidisciplinaryexperts too; improving the effectiveness of evaluation/assessment by the program teamsaccording to a tightly collaborative approach. The good results achieved thank to the VR-labhave been reached because the system structure and behavior are shown in a more realisticway to the team. Running several simulation sessions by stressing virtual models underdifferent conditions is a fast and economic way to collect data about product requirements,limitations and strong points. Practically speaking, the set of virtual tools adopted at TAS-Iand the current research results has lead in some cases engineering disciplines to rethinkabout both their relationship to the implementing system and the necessity to focus on newcritical aspects, emerged during interactive sessions. In some other cases, engineers decidedto optimize their internal process given the results obtained through virtual tool analysis.In the future, we are aiming at improving the capabilities of our VR facility in severalresearch directions. First of all, by implementing new features / applications according tothe engineering fields needs and allowing a more natural interaction with them throughspecific devices (e.g., new tracking devices, touch-screen devices, improved AR interfacesand so on). Second, by involving a higher number of disciplines in order to achieve the mostcomplete vision as possible of the environment to be simulated. A complete simulator ofhostile environments is still far from being implemented, but our efforts tend towards thatend. This shall mean that physical engine features would be extended to encompass a wider
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 range of possible dynamics to be reproduced. This shall also mean that a tighter cooperationwith scientist is mandatory to enforce the realism of a simulation.
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