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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. Al-
though volume rendering is computationally expensive, interactive visualization can be achieved by slice-based method. In this method
volume data set is represented as a stack of polygonal slices and rendered by texture mapping and a-blending function accelerated
by graphics hardware. One of the drawback of sliced-based rendering is that insufficient interpolation leads to severe visual artifacts,
which can be successfuly eliminated by increasing sampling rate using multi-texture function. Another problem is the limitation of
data size because of the limitation of the amount of video memory that is much smaller than main memory. We introduce adaptive
2*N-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, 23N-block, Octree



1 Introduction
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2 Direct Volume Rendering

2.1 Rendering Equation
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® : sample point

D : sample width

volume

CIec]

Figure 1: Volume sampling during direct volume rendering

2.2 Descretization
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Figure 2: Volume sampling during slice-based direct vol-
ume rendering

Figure 3: Slices perpendicular to volume axis (left) and eye
direction (right)

2.3 Slice-based Volume Rendering
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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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3 Improvement of visual quality
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Figure 5: Inserting intermediate slices
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4 Adaptively sampled 2°"-blocking
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ADAPTIVELY SAMPLED 2°¥.BLOCKING

S, (M >FT0FT4 TICUBTEZ YA X)
RYa—avEINOTOy Y BOESITHE)
"forall Be Vdo

B DAY 2—4% VE THHIL)
end for
while (R 2 —L2FKEDY1 X)> S, do

for all B eV do

VB =REDFR) 2—5)

ARB = RE, —RE
end for
v —(ARB B/ B DAY 2 — L)
VB — VlB 1
end while

ginal resolution

{a) input data (slice}

{c) reduced o 44% (d} reduced to 19%

Figure 6: Thé size of input volume (a)(b) can be reduced to
44% (c) and 14% (d) by using 23¥-block indicated by red
squares. .
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5 Implementation

5.1 Intermediate slices
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Figure 7: Texture unit configuration for intermediate slices
generation
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5.2 Volume Shading
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Figure 8: Texture unit configuration for shaded direct vol-
ume rendering
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6 Experiments

OpenGL /574 7 A4 75U ERALTPC LTE
B EfT-o/-. E/AL-EREIL CPU A Pentium4 1.7GHz,
¥EEA IGB, ¥ 5747 AN— KD x7id nVidia £



Figure 9: Visual result of 23¥-blocking. Left is the ren-
dered image of the origianal volume, which can be reduced
to 44% of original size without any data loss (center), and
drastically decimated to 14% (right).

% GeForce3 AGP4x ##, 54 AEU A 64MB DDR,
0S % Microsoft Windows 2000 T#H 5.

EEINT2HREELT, FRIASA A&/ 3K
BRI OB 2T - 28R % Figure 4073, AN
A XTd 256 x 256 x 128 THBEE Y1 X132 £ TH
5. EOHRTIIBIEELTLOBLNEZATET L
WEETED (ER) D, A5 AMICHEAS A A%
I REIVTASM AKEE 2 FICHECLEKR, &\
ERREBEEIN: (BR).

YA ZOMBIZMTHHREELT, JOy VB TO
BICHRfRGRER (L 2T BB DY XD % Table
HRT. — R, BB ENSEBLNERY 2—A
F—HXEED T0%M 5 I5SBNBRHBHTHO[ ], Z
DO DT —F B%E 70y 7L OHRAIZHIR T &
5. —fRIZHRY 2 —LOH/IMEEED 513 EEI-EIIS L
T 5A, 23N blocking D LiZ LA ENE DL,
F—SBEABICHIE TE S, Figure 9IZEBDTF—%
2% L T blocking 21T\ T — % ZHIR L LB OBEEOZE
(27

Ty ZHA XICB LT, 256 x 256 X 256 1 XD
8bit RV 2 —AF—F T EIFix v~ XICBEL THE
HEERZLEBRLUAER, N=5, ThbH5 1 BOEIN32
DBREIRHEHEE 2> /= (Figure 10). N =4 OFF—
A XANBRBNE RN, HERERENGEICRSR
WO, 7Oy ENBEA ST EICKDBEOA—/)N—
ANy RSN 2207 Bbns.

BBIC, SETERTF—FIIHUTRY a—ADHHM
2T, LA T EEOE{LERN-FER % Table
UTRTY. BHLOBRIIT—F OREIEKETZH, £
OT—ZIRH L T—EDORER ENRBSNTNEEN
hbhs.

7 Conclusions
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Figure 10: Relation between block size, volume size and
rendering speed

Table 1: Change of total data size (Mbyte) by volume dec-

imation by applying 23¥- and 2?V-blocking using blocks
with sides 32 voxel length.
[ Input size [ original ] 23¥-blk. | 2?-bik. |
128 x 128 x 128 || 2.0 1.24 0.64
256 x 256 x 128 || 8.0 6.1 32
256 X 256 x 256 || 16.0 12.3 4.3
256 x 256 x 256 || 16.0 12.0 11.6
512x512x 512 |} 128.0 28.3 13.5

Table 2: Change of rendering speed (FPS)

Input size 100% | 47% | 14%
128 x 128 x 128 || 475 | 475 | 475
256 x 256 x 128 || 17.3 | 47.5 | 475
256 x 256 x 256 || 4.5 2477 | 47.5
256 X 256 X 256 || 4.5 13.2 [ 152
512x512x512 | 1.2 6.5 | 247

Figure 11: Result of polygonal surface rendering (left), di-
rect volume rendering (center) and shaded direct volume

réndering (right).
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