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The Interaction into the Internal Detailed

Structure using Virtual Reality Technology*

Kumi Kamada

Abstract

Virtual reality(VR) technology is a result of the information technology revolu-
tion in the 1990’s. Consequently, the application and demand to VR technology
for medical engineering have been increasing, VR technology is indispensable for
contemporary clinical medical sciences such as diagnosis, education, training and
treatment. This thesis presents an clinical application of VR technology consists
of following three technical components; 1. Three-dimensional(3D) reconstruc-
tion using high-frequency ultrasound images of a skin and an eye. 2. Interactive
immersive system for glomerulus corpusculi renales observation. 3. The visual
consistentcy of presentation between a real and virtual object in mixed-reality
system.

High-frequency ultrasound images enable detailed structures. Conventional
ultrasound images using a frequency range of several MHz can visualize an object
with the resolution of the order of 0.5 mm. However it is difficult to display
visually the detailed structure using conventional ultrasound imaging because of
the size of the cellular structure is minute. This study presents the reconstructed
3D images of skin and eye samples, which at a higher frequency of ultrasound of
32 MHz, the resolution of 0.05mm is obtained. This reveals the structure of the

stratum corneum, epidermis and dermis of a skin and the cornea and iris of eyes.

*Doctor’s Thesis, Department of Information Processing, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DT016011, March 24, 2004.

1ii



The immersive projection system enables detailed obserbation of miniature ob-
jects without special effort. Conventionally, a microscope is used to measure
the number of glomerulus corpusculi renales and the volume of them. How-
ever, microscopes won't produce detailed information of whole glomerulus at a
glance, because of observation of secondary glomerulus. The implimented system
presents a 3D surface reconstructed from a series of X-ray computer tomograms
on an immersive display system. It enables the understanding of the condi-
tion of glomerulus and estimating glomerulious. The immersive system enables
detailed observation of the minute tissue without the secondary effects of the mi-
croscope. Additionally, the developed immersive system equips an input interface
using fish-eye cameras and LEDs to make the system interactive in an immer-
sive environment. The interface enables users to interact with virtual glomerulus
corpusculi renales without restrictions.

The visually-consistent mixed reality lets users manipulate virtual object with
their hands. Under conventional mixed reality, users cannot manipulate virtual
object with their hands; virtual objects on ST-HMD always come in front of
user’s hands and virtual onjects on conventional display always go behind their
hands. This paper realizes visual consistency of mixed reality using ST-HMD
and conventional display. The method switches device to display virtual objects
relationships of virtual objects and user’s hand. The experimental result shows
the developed system lets users interact with virtual objects easily.

These systems spreaded the possibility of an application VR technology to

clinical treatments.

Keywords:

Virtual Relity(VR), Medical Engineering, Three-Dimensional Visualization, Im-

mersive Environment, Interaction
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0.0 0.000 0.000 1.6 67.890 28.585
0.1 3.533 1.763 1.7 75.520 30.490
0.2 7.089 3.468 1.8 87.000 32.443
0.3 10.660 5.214 1.816 90.00

0.4 14.263 6.957 1.9 34.406
0.5 17.907 8.705 2.0 36.400
0.6 21.603 10.458 2.1 38.428
0.7 25.361 12.218 2.2 40.495
0.8 29.265 13.986 2.3 42.603
0.9 33.244 15.764 2.4 44.7759
1.0 37.359 17.552 2.5 46.968
1.1 41.642 19.352 2.6 49.236
1.2 46.134 21.165 2.7 51.571
1.3 50.892 22.994 2.8 53.982
1.4 56.016 24.839 2.9 56.507
1.5 61.667 26.702 3.0 99.124

FISHETE VARI TS2V114E .00 y(mm)
WIDE f=1.620mm ..... O000:w(0O), TELE f=3.300mm....0 00 :w(0)
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