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High-Quality Interactive Volume Rendering
on Standard PC Graphics Hardware

Shuntaro Yamazaki Kiwamu Kase Katsushi Ikeuchi
University of Tokyo RIKEN University of Tokyo
Abstract

We propose an interactive volume rendering method using flexible texture mapping capability of standard PC graphics hardware.
Although volume rendering is computationally expensve, interactive visualization can be achieved by slice-based method in which
volume data set is represented as a stack of polygonal slices and rendered by texture mapping and a-blending function accderated by
graphicshardware. One of the drawbacksin sliced-based method is that insufficient interpolation leadsto severe visua artifacts, which
can be successfully eliminated by inserting intermediate slices which are effectively generated using multi-texture function. Another
problem is the limitation of data size due to the limitation of the amount of video memory. We introduce adaptive 23N-blocking to

enable both drastic decimation and interactive processing of volume data, and show high-quality interactive volume rendering can be
performed on standard PC graphics hardware.

Keywords: volume rendering, interactive, multi-texture, 23"-block, octree
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1 Introduction
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2 Direct Volume Rendering

2.1 Rendering Equation
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D : sample width D : diceinterva
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Figure 1. Volume sampling during direct volume rendering  Figure 2: Volume sampling during slice-based direct vol-
ume rendering

2.2 Discretization
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Figure 3: Slices perpendicular to volume axis (left) and eye
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Figure 4: Visual artifacts are caused by the lack of trilin-
ear interpolation (left) and can be eliminated by inserting
intermediate slices (right).
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Figure 5: Inserting intermediate slices
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3 Improvement of visual quality
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4 Adaptively sampled 23N-block
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ADAPTIVELY SAMPLED 23N-BLOCKING
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(a) input data (slice) (b) original resolution

(c) reduced to 44% (d) reduced to 19%
Figure 6: The size of input volume (a)(b) can be reduced to
44% (c) and 14% (d) by using 23N-block indicated by red
sguares.

texture units output

input
N (1-0)S+aS

{primary i
consan=a ]

[Cedwer=5

CextUrEH = @

Figure 7: Texture unit configuration for intermediate slices
generation
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5 Implementation

5.1
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texture units
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Figure 8: Texture unit configuration for shaded direct vol-
ume rendering
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5.2 Volume Shading
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Figure 9: Result of polygona surface rendering (left), di-
rect volume rendering (center) and shaded direct volume
rendering (right).
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6 Experiments
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Figure 10: Visual result of 23N-blocking. Left is the ren-
dered image of the origiana volume, which can be reduced
to 44% of original size without any data loss (center), and
drastically decimated to 14% (right).
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Figure 11: Relation between block size, volume size and
rendering speed with the tolerance 5%.

Table 1: Change of total data size (Mbyte) by applying 23N-
and 22N-blocking with block size 323,

| [ original | 2°V-bik. [ 22-blk.

Datal (128x 128x 128) || 2.0 1.24 0.64
Data2 (256 x 256 x 128) || 8.0 6.1 32
Data3 (256 x 256 x 256) || 16.0 12.3 43
Datad (256 x 256 x 256) || 16.0 12.0 11.6
Datab (512x 512x 512) || 1280 | 283 135

Table 2: Acceleration of rendering speed with change of the
tolerance of decimation (fps)

| | original [ 5% [ 10% |
Dalal (128x 128x 128) || >47.5 | >475 | >475
Data2 (256 x 256 x 128) || 17.3 >47.5 | >47.5
Data3 (256 x 256 x 256) || 4.5 24.7 >47.5
Dalad (256 x 256 x 256) || 4.5 132 | 152
Dalab (512x 512x512) || <01 | 65 | 24.7
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7 Conclusions
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