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Short description of possible research topics for a PhD:

Virtual reality (VR) applications are no longer confined to gaming. Cheaper and better VR hardware
has encouraged more and more applications in virtual engineering under the context of Industry 4.0.
The accessibility to VR highly increased thanks to recent low-cost commercial VR head mounted
display (HMD) systems and easy-to-use development toolkits. Many novice VR users have not yet got
used to realizing sensorimotor activities in virtual environment and they can feel discomfort during their
virtual experience. On one hand users can suffer from cybersickness due to visually induced motion
sickness (VIMS) in terms of perception. On the other hand users can feel difficult to interact with digital
mock-up (DMU) in the virtual environment due to exocentric locomotion interfaces (eg. gamepad).
These shortcomings of VR technology remain a major barrier to generalize the VR technology in
industry 4.0 and all other engineering domains such as civil engineering.

To tackle this issue, this PhD thesis will investigate an original approach for enhancing the user
experience in VR by processing geometrically (deformation, simplification, smoothing, etc.) the 3D
DMU in the virtual environment. Pilot studies [4, 6] showed that geometric deformation of the DMU in
the virtual environment during navigation in VR can reduce significantly VIMS. In addition the
deformation of the DMU in the virtual environment can encourage users to realize more smooth and
less jerky navigation trajectories [6]. In compare with the previous work in the literature, this novel
approach does not require neither extra device nor physiological stimulus. In addition this approach will
not reduce nor immersive degree nor the freedom of navigation for users, which is not always the case
for the related work in the literature.

The main scientific objective of this PhD thesis is to devise, implement and experiment the optimal
DMU processing methods to enhance user experience in VR according to different situations.

- Notion and criteria of discomfort will be formalized and their measurement methods will be set
up. For example:

o the motion sickness can be evaluated by the human biological factors and optic flow
intensity generated by the rendered images in VR.

o the quality of the navigation in the virtual environment can be evaluated by the
trajectory (velocity, acceleration, jerk), the distance and the time duration.
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o the facility of the interaction with the DMU in the virtual environment can be evaluated
by the number of trials, the precision of the task, how nature is the body gesture, etc.
o other criteria will be identified during the PhD thesis.

- Definition and implementation of various processing of DMU and their adaptation to enhancing
user experience in VR. Several aspects will be taken into account:

Various types of information included in DMU: geometry, texture, lighting, etc.
Various geometric representations of DMU: point cloud, CAD, mesh, etc.
Deformation of the DMU to reduce the cybersickness dose value (CSDV).
Simplification of the DMU to reduce the optic flow.

Deformation of the DMU to enhance the navigation quality.

DMU processing for enhancing manual interaction in VR.

Other DMU processing will be identified during the PhD thesis.
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- Smart adaptation/customization of DMU processing according to different application domains
and situation.

o Precision of the tasks according to the industry context will guide and constraint the
geometric processing of the DMU.

o Spatial characteristics of the virtual environment will be taken into account to adapt the
DMU processing for enhancing navigation quality.

o Shape characteristics of DMU will customize the DMU processing for enhancing the
manual interaction with virtual objects.

o Other adaptation methods will be identified during the PhD thesis.

- Application of DMU processing in different use cases.

Cybersickness reduction for driving simulation in automotive industry.

Reduce cybersickness and enhance virtual navigation quality in civil engineering.
Intuitive and natural interaction for manual operation simulation in industrial assembly.
Other use cases will be identified.

o O O O

Required background of the student:

Master degree in computer aided design, virtual reality, computer graphics, computer science.
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