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Real-time Volume Rendering Controlled with Level of
Accuracy According to Moving Speed of the Viewpoint
Toshiaki Makita
Abstract
Volume rendering is a technique of projecting half transparent volume data,
which is filled up in 3 dimensions, on a 2-dimensional plane. This technique has
been used for expressing the inside of a human body in a medical image field
or visualizing formless things such as clouds, fog, and a flame.

Recently, advanced computer technology have made it possible rendering in
high speed that had not been able to be accomplished in former days; However,
amount of calculation of real-time volume rendering with a viewpoint changing
dynamically is still too huge to carry out it.

To take advantage of the inferiority of man’s recognition capability to the
moving object to that of the stationary object, I propose the technique by which
we control volume rendering with level of accuracy according to moving speed
of the viewpoint.

In this research, using texture-based volume rendering on the standard
graphics card, I implemented the technique changing resampling rate of vol-
ume data and that using multi-resolution volume data, and evaluated the effect
over drawing speed and the quality of the output image of each, etc. In addi-
tion, I also evaluated the control techniques of level of accuracy according to
moving speed of the viewpoint.

I carried out volume rendering by ray-casting. In ray-casting, we fly a ray
from a pixel of the projection plane, take sampling points at regular interval,
and blend them according to the opacity value of the volume data. Thus, we
calculate the value of pixels on the projection plane.

In the technique via resampling rate, we reduce amount of calculation by
decreasing sampling rate of a ray so as to reduce calculation in each pixel and
by decreasing the number of rays so as to reduce the number of pixels. In
the technique of multi-resolution volume data, we accelerates calculation by
reducing the size of volume data on the memory so that we use cache memory

more efficiently and reduce the number of memory access.



v

The improvement of about 2 times in drawing speed of volume rendering
was obtained by using the technique via resampling rate when the quality of
the output image in which object is moving was able to hardly be recognized
to become worse. And if the accuracy of the fine portions of the output image
does not be required, although it depends on data, the improvement in drawing
speed of 10 or more times is also possible.

The technique of multi-resolution volume data is not able to be used if there
is no margin in a memory. Moreover, using the technique alone made quality
of the output image worse so extremely that it little is practical. But, the
combination of technique of multi-resolution volume data and via resampling
rate is able to be expected to improve drawing speed of volume rendering with
little degrading quality of the output image.

I also evaluated about the relation of moving speed of the viewpoint, the
accuracy of the output image, and drawing speed, using these 2 techniques
of level of accuracy control. Thereby it was turned out that if it is required
that the sequence of the output image has a as natural motion as possible,
level of accuracy should be controlled to maintain about 30fps of frame rate of
the output image while the viewpoint is moving. On the other hand, if it is
demanded that the sequence of the output image is detailed rather than natural
while the object is moving, it is good to use middle level of accuracy of that
frame rate of the output image is less than 30 fps while the object is moving
slowly.

As a future work, I want to investigate the effect of the technique of level
of accuracy control such as Early Ray Termination etc. that has not been
implemented in this research, and the difference in the effect of level of accuracy
control between using parallelized computers and mere a computer to treat such

a huge data that it cannot be stored in a memory.
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(€)5.:256,5,,:5122, R,:13 (d)5.:128,5,,:5122 R,:13

0Al1: S, 00000 (skull)
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(¢)S,:512,5,,:128% R,:13 (d)S,:512,5,,:64%,R,:1?
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0 A2 S, R,000bonsai000O0O0O0O0O0OO

Sey | 1P 1P| ()] (B)°
5122 | 218 | 102 | 63.8 | 58.8
2562 | 134 | 60.1 | 25.1 | 18.0
1282 | 57.6 | 38.4 | 14.5 | 7.66
64% | 13.7 | 17.3 | 9.67 | 4.51
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0 A3 Sy, R, 000 engine0 000000000

R,

Soy | 1P 1G] G| E)°
5122 | 127 | 68.9 | 49.6 | 46.6
2562 | 72.4 | 35.7 | 18.1 | 14.6
1282 | 31.0 | 21.6 | 9.57 | 6.25
642 | 843 | 10.2 | 6.37 | 3.91

0A4 S, 0000000000000000bonsail]

R,

Say rG)r G R
5122 — 2562 | 0.61 | 0.59 | 0.39 | 0.31
2562 — 1282 | 0.43 | 0.64 | 0.58 | 0.43
1282 — 642 | 0.24 | 0.45 | 0.67 | 0.59

0 A5 S, 0000000000000000 engined

R,

Say rG)? G R
5122 — 2562 | 0.57 | 0.52 | 0.36 | 0.31
2562 — 1282 | 0.43 | 0.61 | 0.53 | 0.43
1282 — 642 | 0.27 | 0.47 | 0.70 | 0.63

A-10



