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Human factors consideration in the interaction process with virtual environment

Introduction

New requirements are needed by industry for computer aided design (CAD) data. Some techniques of CAD data management and the computer power unit capabilities enable an extraction of a virtual mock-up for an interactive use. CAD data may also be distributed and shared by different designers in various parts of the world (in the same company and with subcontractors). The use of digital mock-up is not limited to the mechanical design of the product but is dedicated to a maximum number of trades in industry. One of the main issues is to enable the evaluation of the product without any physical representation of the product but based on its virtual representation.

In that objective, most of main actors in industry domain use virtual reality technologies. These technologies consist basically in enabling the designer to perceive the product in design process.

This perception has to be rendered to guarantee that the evaluation process is done as in a real condition. The perception is the fruit of alchemy between the user and the VR technologies.

Thus, in the experiment design, the whole system human-VR technology has to be considered.

Product evaluation in virtual environment

Evaluation of the product is the final stage done before the decision making and the production launching. Of course, this stage is complex because several decision makers act at this level.

So, the process is often done in an iterative way with several loops occurring on the definition of the product [START_REF] Kobbelt | Interactive multi-resolution modeling on arbitrary meshes[END_REF][START_REF] Stam | Evaluation of loop subdivision surfaces[END_REF][START_REF] Stam | Exact evaluation of catmull-clark subdivision surfaces at arbitrary parameter values[END_REF][START_REF] Rusinkiewicz | A survey of BRDF representation for computer graphics[END_REF][START_REF] Sederberg | Free-form deformation of solid geometric models[END_REF]. If major industries develop a virtual representation of their product, it subsists nevertheless a final step where several physical prototypes are performed for the evaluation process required to take a decision on the design. The use of virtual mock-up facilitates the diffusion of technologies to compare different possible solutions faster than with the physical representations. The use of VR technology implies a perception process depending on the coupling between the user and the interaction process. This interaction process is done through the relation between the virtual mock-up and the virtual representation of the user. With the use of very large screens, the user is surrounded by images of the virtual world, facilitating his immersion in that virtual world. With the technologies of stereoscopic rendering (using polarized glasses for example), the user can perceive the 3D model with the stereoscopy.

The real time 3D tracking system enables the virtual world reference to correspond to the real world reference. Then, the user could move around the virtual prototype as he would do with a real one [START_REF] Dachselt | Three-dimensional menus: A survey and taxonomy[END_REF][START_REF] Gerber | The spin menu: A menu system for virtual environments[END_REF][START_REF] Grosjean | Evaluation of the command and control cube[END_REF][START_REF] Bowman | Design and evaluation of menu systems for immersive virtual environments[END_REF][START_REF] Laviola | Hands-free multi-scale navigation in virtual environments[END_REF][START_REF] Poupyrev | The go-go interaction technique for direct manipulation in VR[END_REF][START_REF] Stoakley | Virtual reality on a WIM: Interactive worlds in miniature[END_REF]. In conjunction with large screens, the virtual prototype could be rendered at human scale [START_REF] Duh | Effects of field of view on balance in an immersive environment[END_REF]. The sense of vision is one of the most important to perceive the world but is not unique. 3D sound technologies could render the sound effect with a localization of the sound in the space. Haptic devices (force feedback and tactile feedback) give the user the perception of the touching on virtual object. All these different technologies contribute to the perception of this new virtual environment. Of course, cognitive factors play an important role in the perception process [START_REF] Herbelin | Using physiological measures for emotional assessment: A computer-aided tool for cognitive and behavioral therapy[END_REF][START_REF] Bowman | Virtual reality: How much immersion is enough?[END_REF]. With these technologies, one important goal for industrials is to take a decision in a similar way in virtual environment than in real environment. The challenge is to evaluate the product in virtual immersion as in the real condition. 

Scientific issues

To attain these goals, different scientific issues have to be addressed. Because virtual immersion consists in surrounding a user with technology, scientific issues are linked to technology and human factors consideration. Thus, from CAD technology to human factors consideration, scientific issues can be grouped in the VR technology and perception items. 

VR technology issue -From technology point of view, strong scientific issues occur at different levels. The following topics could be noted:

• CAD data structure: one important problem is to enable the design process of product with the use of VR technology. But, due to real time constraints, the CAD data has to be simplified on a virtual mock-up (which can be managed in real time). The challenge is to propose a data structure to make possible the reverse process from modified virtual mock-up to CAD data description.

• Multi-modality: to improve the immersion of user in the virtual scene and his interaction with the virtual mock-up, several senses could be excited (vision, ear, haptic...). The way each modality is managed is very different from one to another (for example in term of frequency). This constraint implies the use of a specific virtual mock-up for the corresponding sense as well as a coherent real time management (problem of lag).

• Virtual representation of the body and its relation to the virtual product: the interaction process between the virtual product and the user is managed through a representation of the user's body [START_REF] Salamin | The benefits of third-person perspective in virtual and augmented reality?[END_REF]. This representation could be virtual (it means without concrete representation) or used to propose to the user a representation of his own body in the scene (enabling an external point of view which could be useful for decision helping).

Perception issue

-Interaction process requires taking into account the user's perception of his own body interacting in the scene. Two main issues could be reported:

• Action-perception coupling: one important characteristic of virtual reality experience is the sense of presence in the virtual environment. To improve this sense of presence, technologies have to propose to the user to freely move around the virtual product: the sense of presence is linked to the sense of movement. Neuro-science community develops the concept of coupling between action and perception [START_REF] Sanchez-Vives | From presence to consciousness through virtual reality[END_REF][START_REF] Sutcliffe | Presence, memory and interaction in virtual environments[END_REF][START_REF] Sveistrup | Motor rehabilitation using virtual reality[END_REF][START_REF] Biocca | Defining and measuring social presence: Contribution to the networked minds theory and measure[END_REF][START_REF] Bowman | A survey of usability evaluation in virtual environments: Classification and comparison of methods[END_REF][START_REF] Herbelin | Sense of presence in virtual reality exposures therapy[END_REF]. This concept implies that an action is simulated by the brain before being executed and the perception of an action implies a simulation of this action by the brain with the same mechanism in the central nervous system as if the action is executed. This theory validates the engagement of the whole body in an interactive process with a virtual product for a better immersion and then the use of VR technology.

• Virtual human: for a better understanding of interaction process and an optimization of interfaces, a virtual human has to be developed. This virtual human could include a cognitive and motor control model to anticipate the interaction process [START_REF] Freeman | Using behavioral realism to estimate presence: A study of the utility of postural responses to motion stimuli[END_REF][START_REF] Ijsselsteijn | Towards an objective corroborative measure of presence: Postural responses to moving video[END_REF][START_REF] Ijsselsteijn | Presence: Concept, determinants and measurement[END_REF].

A challenging work is to develop VR technologies for interaction process with the virtual mockup in taking into account human factors. Then, a fine balance has to be found between VR technology, the application and human factors. With a better understanding of the coupling between these components, human factors would be used as a guide to VR technology design. Research works on virtual human could also be useful to enable a virtual experience of the virtual human interacting with the virtual product. Then, a simulation process for evaluating the virtual product could be performed. Lots of works need to be done yet to develop such virtual human and particularly on the domain of cognitive and motor control model. 
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