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Virtual reality system (VR) now becomes widely used in various fields now, and
the way of easy usage has been explored. One of the most effective usages of the
VR is to use for scientific representation, especially for large-scale numerical
simulation because of its complexity in education. But the original functions of VR
are not suitable for scientific representation, so the purpose of this study is to
develop a viable VR system that can easily represent numerical simulation data in
terms of 3D images, and to demonstrate the viability and practicability for
comprehension of complex evolution of physical phenomena. In this study, I used
an immersive projection technology (IPT) display called the CompleXcope system,
which is similar to the CAVE system.

This type of system enables users to immerse 3D object deeply and observe 3D
object precisely. The Following are the results I obtained in this study.

1. Utilization of Sound Information for VR system :

3D sound system technology has been developed for many purposes, but has not
been amply applied to scientific representation. Moreover, scientific representation
in the IPT display has never been accomplished. Auditory sense is more sensitive
than visual sense, so it is effective for scientific representation, especialiy, for
large-scale data representation, because of the enormous output data and many
parameters, which need to be observed. The difficulty of introducing 3D sound
system to the IPT display lies in sound source localized in any point in the VR space.
Accordingly, I introduced 3D sound space processors to make 3D sound space and
connected this system to the CompleXcope VR system by the inter process
communication. This system is applied to the Large Helical Device (LHD) in NIFS
and the molecular dynamics simulation result.
The former auralized a behavior of a plasma particle and enabled to recognize
where and how a plasma particle moves, and the latter enabled to recognize global
behavior, watching local behavior of molecules. Since auditory display research
has just started, there is no rule to auralize scientific information, but considering
characteristics of sound, this technology will employed effectively and widely in
scientific field, in future.

2. Volume visualization

I proposed layered texture method for volume visualization. Volume visualization
is the popular method to visualize scalar data, especially, the isosurface method is
used in various field. But, in order to comprehend complex phenomena, it is
necessary to observe both inside and outside values of represented models at the
same time. Volume rendering, corresponding to ray casting method, is a promising
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method to visualize both inside and outside data at the same time. This method is
effective to visualize 3D complex objects, but is too heavy to make 3D objects in
real time. Making 3D objects in real time is an indispensable function in the
CompleXcope. The stereo images, which are projected to screens, need to be
changed in real time in the CompleXcope, because the observer moves
continuously and the eye position changes. To solve this problem, I proposed a
method of layered texture method. Instead of tracing ray path and integrating
translucent rate, the translucent images are assigned parallel in front of the
observer in this method. But in this method, we cannot see stereo image from any
direction, because the visualized object is 2D images after all. To compensate this
defect, 6 groups, which consists of the translucent images and assigned vertically,
are stored in memories in the computer and the most suitable group is represented

in response to the direction of observer's eye. By using this method, the process
time reduced one tenth smaller than ray casting method. This method enables to
achieve 3D volume visualization like the IPT display and makes researchers see’
both inside and outside data at the same time.

3. Verbal Interface to Control Virtual Environment

The interfaces to communicate with VR space and objects have been one of the
biggest subjects in the VR research. Generally in VR space, observers cannot use
own hands freely and point VR objects intuitively, since they use an input device,
which consist of a few buttons and a joystick. One solution is to control VR objects
and environment by voice input. By using this technology, we can control VR
objects without hands and intuitively. In order to achieve this, speech recognition
system JULIUS was installed and connected to VR system: CompleXcope by socket
communication. But this software is originally for continuous speech recognition
program and quiet environment. To compensate these defects, I optimized speech
recognition parameters and introduced the weighted function for improving the
rate of correct recognition of sentences. Generally in speech recognition system,
acoustic model is more dominant than language model. By weighting word model,
the influence of acoustic model is reduced. As the result of this, the rate became
over 90%. ’

4. Collaboration with Any Other Site

The disadvantage of large-scale VR system is the difficulty in sharing
represented information among remote users. Represented data in the VR system
is very effective to observe complex phenomena or structure, but this data cannot
be shared, since this VR system is not portable. The solution against this problem is
to connect with any site by high-speed network and shares the VR objects, the
interaction information and other important information of each site. I proposed
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the procedure of connecting each VR system, which is located in remote site. I
denoted the method for connecting between computers and for management of
information using socket communication (server-client model) and inter process
communication. In the network configuration in this thesis, bottleneck network
speed between remote sites is 1.5Mbps, whose speed can be achieved in most
institutes. In this condition, the speed of processing command communication is
21.9 Hz in the worst case. This speed is fast enough not to feel the delay by
network communication. So this software can fulfill its function and is very useful
to communicate among remote sites.
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