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1.2.1 VTK (Visualization Toolkit) Imel Kitware [1]
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-1

Signed ldentity

Unsigned ldentity

-1 T+

f(x) = max(0, x)

Signed Negate

f(x) = -x

-1

Half Bias Normal

f(x) = max(0, x) — 4

Expand Normal

f(x) = 2 * max(0, x) - 1

Unsigned Invert

-1 T+

f(x) = 1-min(max(0,x),1)

-1

Half Bias Negate

f(x) = -max(0, x) + %%

Expand Negate

f(x) = -2 * max(0, x) + 1
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f(x) = max(0, x) f(x) = 1-min(max(0,x),1)

Uil 2.17 aunwausinivraaiviueanenlume s

2) tavlaunsnidiusLgan (ATl Fragment Shading) [8]
=3 'S a = | | ) | P o & a a '
usnidusinpszaaienleazldutianisninuesnidu 2 anuzimieuiuredsulne us
sauanTsaumnglaasiaznissanddn lisaaiu Inanis Iauaiunsoinldlaednudaumesane
Taiuaueaiiesdauingg Aa GL_ATI fragment_shader @vanuayulnansfindarfauasues
U3ELeflagusineatl 8500 (Radeon  8500) awly 91# 2.17 uansdenisinausaiaile

LN INLIUA LA R

Avan ————» . .
[TAALAD TR ——» Anadnsg
Aspy ——— >
e 00 } 4‘. LN ]
L L
FUNITNINILNA 1 FALNTINNNLNA 2
AinTlaas —® | (6 AAIN1TRIUANTLART (6 ANFEINTRNWANTIADST
8 ANAINITIINANR) 8 ANAIN1779NAR)

g7l 2.18 nsviauaesed launsnudusians

UUNAnda5auasian lasaaat 8500 o dUAIARIALILLINNNTNINUaa N 2
saUN19N19UIAEN 8 lUuLAAY A LN NIUAZ BN A AR N lFa 1 uANRA NG Llaa s LAIAN
(% o L o o , N = o o . X ° ' Al a I's =
FNeIANAIAINTUNNTIINANE TIANFIMANTAZNINTBEBRALLT kAR A nafimnTallsynanly]
FILARLARFAINNTIGN 2.3 anuauAdIn M N8 uANdaNnind e luusAazsatazdiaaluiinn
AU NS e N LN ANdan5auas (6 41115U31Aa81 8500) karatuIuAdalunIg
squANAAR9 NN 8 N399I NLEUF L TARNAZENANNANENAN (primary color) WavAa

994 (secondary color) flfandunaunisilszuiniAndluausunisusanaslsirdugniauasu
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aawas aniunsindanfauofazaiiunnsninaideanegniolusaunisnieun 1 uag 2

ATNAIAU ANANaANSNargnasse llfidunauntsaniiunisursniduiae

LFAALEAT 0

A7 2.3 12ARADFTAYBNDT [BUNTALTUFITARN

oAl 4

ANAZANIEAD

LSAdLADS T au \lie
aAvan primary color i 1dle
A784 secondary color | laannzansad 1dle
LTAALART 0 reg0 161 161
\RALRAT 1 reg1 i 161
LTRALFRT 2 reg2 161 16
\TRALFRT 3 reg3 161 16
AT 4 reg4 1% 161
LTAALART 5 regs 1 161
Ansia 0 con0 & 14
Anasa 1 con’ & 14
Apapia 2 con2 & Tadlsy
Ansia 3 con3 % Tadl4
Angsia 4 con4 s 14
AR 5 con5 & 14
AP9Fn 6 coné & Tadlsy
Anasia 7 con7 1% Tadl4

gnAAen I lunissanAveei leunsnidudiand laun

® MOV finaAIRsEdNIaRaInas

® ADD 7HARITUINNIEAANDT 2 1radinasuaan U A lusadmasi 3

® SUB aUANAITUINNEARImeT 2 wadwmasiaanulilusaginasi 3

® MUL gruAdsendnusdames 2 waawafudoivlilusasnesh 3

® MAD guAdseninaisaawmas 2 aamas antuuaniuadlusaamasi 3 uan

Hulwsaamas 4

® [ FRP 71MN19U38dNUANMULLTOAUTZUINGTAALART 2 L5admas ne ANty
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wagwash 3 ulminnldlunisszanmen nanlfiiulusasnesh 4

DOT3 innsAmanuuy 3 dautlsznay seudnasaames 2 saawmasudaiivld

Tusasnesh 3

DOT4 ¥innn3amuqauLL 4 dautlsznay seudiusasines 2 wasmesudoiuly

Tusaaneshn 3

DOT2_ADD uilau DOT3 Lilenusnuunsinlsznausion 3 winiu 1.0 Asiuag
A ! M ¥ o

tadlaudn ladlaving

CND fihsianannisaginasson 1 use 2 11415 usaawmas 3 auasiiuailu

a

=

3ARLARTHIN 4 JININN97 0.5 viaa b

CNDO witlaufii CND e uaulFauienifiual 0.0

fatinanislisunanunanusiaon Asuanslugil 2.19 ussiian 3 uaz 4 WWuadslunig

A1UANNGIAasluIaLLIn UsTiaN 6-9 ua1dalunissinaaiainisagines 5 uaAulylu

IFRARLADT 2 UTITAN 15 UANTaIUANTNTRa5 WAL 2

[N R R B I

11
1z
1z
14
1E
18
17
12
12
z0
=28
Zz
z3
24
z5
Z6
z7

glEeginFragment3haderATI () ;

glSampleMsphTI (GL_REG O_ATI, GL_TEXTURED ARE, GL_SWIZILE STR_ALTI):// Semple Fri. Volume Data
glSampleMaphTI (GL_REG 5 ATI, GL_TEXTURED ARB, GL SWIZILE STR ATI):// Sample Sec.

gloolorFragmentOplATI (GL MOV ATI,

GL_REG_2_ATI, GL_NONE, GL_NONE,
GL_REG_5_ATI, GL_RED, GL_NONE) :

glColorFragmentOplATI (GL_ MOV ATI,

GL_REG 2 ATI, GL_RED_BIT ATI, GL_NONE,
GL_REG O ATI, GL_ALPHL, GL_NCME):

//End of first pass
glSawpleMaphTI (GL REG 1 ATI, GL REG 2 ATI,GL SWIZZLE STR ATI); //Sample TF

glColorFragmentOplATI (GL_MOV ATI,

GL_REG_O_ATI, GL_NONE, GL_NCHE,
GL_REG_1_ATI, GL_NONE, GL_NCNE) ;

glilphaFragqumentOplATI (GL_MOV ATI,

GL_REG O_ATI, GL_NONE,
GL_FEG 1 ATI, GL_ALFHA, GL_NCNE);

glEndFracgment3haderATI() ;

2.3

g7l 2.19 Fameenislsunsuunsnudusiana

¥ a ¥ [~ [ (4 4 aa
N5AF NN TIUTNIRASI AR T NISUHNNNGLAasd NN (Volume

Rendering via 3D Texture Mapping) [9,10]
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2.4 N5 ALAILET (Shading) [11]

yvala a

s luaalumeialupaniamasnAndndqa 19N 1 nn IR RA AN LKA 8q

nN9@iauuaa99 Phong (Phong reflection model) [4] Wunuuanaasignldlunisliuaely
NupsuRmesnTAndetnendneaang Lﬁmmnlﬁ@mmwmmmwﬁﬁ wazldnnadnuanidilal
glae1nn Tnauuusrassiutinirazfeunaseanidlu 3 giinne n1sasfieuuaidensey (ambient
reflection) NNFATNBULAILNT (diffuse reflection) WAZNITAZNDUBAINAN (specular reflection)
Tnsfiazanunsamudndaaiudsauntsi 2.13 uazgil 2.22 azuansuazasnisazfeunasiin

AN 7] ABLAINNUB9TAY)

I=1 +1,+1; ...(2.13)
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I,=k,1, ..(2.14)
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H=(L+V)/2 (217)
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I=1k, +1(k,(L-N)+k (N-H)") .(2.19)

Tunsaiiilugldazldannisy 2.19 AuusazA@nag Wa0 Lartn iU wsLHegaInnIg
aeviaunaananazlidaanuiiudunalunsmnunasn o gl ugang feiun14siauuaanan

AUUNAUTUAA LA LAY T80 LATHNRY AIZNNNTN 2.20 2.21 WAY 2.22

I =1k, +1(k,(L-N)+k (N-H)") ...(2.20)
Ly =1k, + 1 (kg (L-N)+k (N -H)") -(2.21)
I, =1k, +1(k,(L-N)+k (N-H)") .(2.22)
= &, P = o o
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A % o da o
1, Aedeudituasddieaningazvieuaanan
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2 a £ £ ¥ 45 a o
k,, AodulsrAninisaziiaulAsaeNIauAillIuIeeing
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8. zf(x+1,y,z)—f(x—1,y,z)

...(2.23)

gy:f(an""laZ)_f(xay_laZ)
..(2.24)

= s s 1)- IR E) -1
g =f(xy,z+D) = f(x,p,2-1) (029

Py A 1 = s !
LA g, m@mmimﬂummmamﬂ?mmﬂuuuqLmux

A g a o g
g, ﬂ‘ﬂﬂﬁLﬂ?LﬂElqulﬂ\‘]ﬂﬁﬂﬂﬂ?‘ﬂqm@luuu'}LLﬂuy

b

g. AeANIRLUATEIANRALENN AT TIILNY 7

A U o ]
f(x,y,z) ARANIE4AALTNART B AU (X,Y,2)

2.5.2 nsiszunauAnsiaguanuuliua (Sobel Gradient Estimator) [12]
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' dy 4 ' a dlal I < v Aa < 730
nisdszinaAuUL AN WIeIAIN SR EuATAN UL UN A AW WaIWE  Tasldan
anqaLunmsiatdanseuaung 3x3 qailiunas 317 2.27 waasuiininaasdantunisouan
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2,53 nsudszanuAnnsihauaALuLgALAas-FNINS  (Zucker-Hummel Gradient Estimator)
[13]

nsdszanuAuunildarresqalinnsdnarssauin 3x3 lunnsdszanouAninsmausd
diuRgaiunisdszinAtuunlmua aNn1sh 2.26 2.27 waz 2.28 WAAINITUTTNANN IR

WL ALARS-FHNA lulFaz N

g = flx+1,y,2)- flx—1,3,2)+
k(f+Ly+Lz+1)=fle=1p+Lz+1)+ fx+1L,y=1z+1)— f(x—1,y—1z+1)+
fl+Ly+Lz=1)=flx=Ly+Lz—1)+ fx+Ly-Lz=1)- f(x-1,y-1z-1)+ ..(2.26)
k(fc+Ly,z+)=flc-Ly,z+ D)+ e+, y+Lz+1) - fx—1Ly+1,z+1)+
f@+L%z—D—f@—L%Z—D+f@+Ly—Lﬁ—f@—Ly—Lﬂ)

g, =fley+1z)-fluy—1z)+
k(f(x=Ly+Lz=1)=flx—Ly-Lz+1)+ f(x+Ly=1Lz+1)— flx+1,y—1Lz+1)+
fle-Ly+Lz=1)- fx=Ly-Lz=1)+ fx+Ly+Lz—1)- f(x+1,y-Lz-1)+ ..(2.27)
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ToauaNiR TUR A.m,, ANUNNE
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glBeginFracgqurentShaderATI() ;

glsmpleMapATI (GL_REG 0 ATI, GL TEXTURED ARE, GL SWIZZLE STR ATI);// Seawple Pri. Volume Data
glSampleMapATI (GL_REG 5 ATI, GL_TEXTURED ARE, GL_SWIZZILE STR_ATI);// Sawple Sec. Volume Data

glColorFrageentOplATI (GL MOV ATT,
GL_REG 2 ATI, oL NONE, GL_MNONE,
GL_REG 5 ATI, GL RED, GL NONE):;

W ~d o W W P

-
o

glColorFragumentOpliTI (GL MOV ATI,
GL_REG 2_ATI, GL RED BIT(ATI, GL NONE,
GL_REG 0 _ATI, GL ALPHA, GL NONE);

e e e
moEe WM e

//End of first pass
glSawpleMapATI (GL_REG 1 ATI, GL REG 2 ATI,GL SWIZZLE STR ATI); //Sample TF

e e
wom -1 W

glColorFragmentOplATI (GL_ MOV _ATI,
GL_REG 0 ATI, GL NONE, GL NONE,
GL_BEG 1 ATT, GL NONE, GL NONE):

[ T
[ =]

glilphaFrageentOplATI(GL MOV ATI,
GL_REG 0 ATI, GL_NCNE,
GL_REG 1 ATI, GL_ALPHA, GL_NONE)

[T )
LN - SR S

glEndFragmentShaderATI() ;
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27
28
z29
a0
3l
32
33
24
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36
37
38
39

glBeginFragment3haderiTI();

gl8ampleMapldT
gl8ampleMapldT
gl3ampleMapldT

I{GL_REG 0 ATI, GL TEXTUREO ARE, GL SWIZZLE STR ATI);// Sawple Pri. Volume Data
I({GL REG 2 ATI, GL _TEXTURE2Z ARB, GL SWIZZLE STR ATI);// Sawple Normal Vector
I{GL REG 5 ATI, GL TEXTUREQ ARE, GL SWIZZLE STR ATI):// Sample Sec. Volume Data

glColorFragmentOplATI (GL_ MOV _ATI,
GL_REG 5 ATI, GL_RED EIT ATI, GL NONE,
GL_REG 0 ATI, GL ALPHA, GL NONE);

glColorFragmentOplATI (GL_ MOV _ATI,
GL_REG 2 LTI, GL NONE, GL MONE,
GL_REG 2 LTI, GL NONE, GL BIAS BIT ATI|GL 2¥ BIT ATI|GL NEGATE BIT ATI):

//End of firat pass

gl3ampleMapldT
gl3ampleMapldT

I{GL REG 1 ATI, GL REG 5 ATI,GL SWIZELE STR ATI): //Semple TF
I{GL REG 3 ATI, GL REG 2 ATI,GL SWIZZLE STR ATIj: //Semple Cube Normalize

glColorFragmentOpZ ATI (GL _DOT3 _ATI,
GL_REG 0 ATI, GL NCNE, GL SATURATE EIT ATI,
GL_REG 3 LTI, GL NONE, GL BIAS BIT ATI|GL 2X BIT ATI,
GL_COM 0 ATT, GL NOME, GL BIAS BIT ATI|GL 2X BIT ATI):

glColorFragmentOpZATI(GL_ADD ATI,
GL_REG 0 _ATI, GL NONE, GL NONE,
GL_REG 0 LTI, GL NONE, GL MONE,
GL_SECCNDARY INTERPOLATOR ATI, GL MOME, GL NONE):

glColorFragmentOp2ATI (GL MUL ATI,
GL_REG 0 ATI, GL_NONE, GL SATURATE EIT ATI,
GL_REG 0 ATI, GL_NONE, GL NONE,
GL_REG 1 ATI, GL NONE, GL NONE];

glilphaFragmentOplATI (GL MOV ATI,
GL_REG 0 ATI, GL_NCNE,
GL_REG 1 ATI, GL ALPHA, GL NGONE);

glEndFragmentShaderTI() ;

133907 16

o A
u?nan 17

133997 20
13391AN 25

15999 30
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ABSTRACT

This paper proposes an approach and a prototype of
programmable volume visualization in web environment.
The approach is based on client-side visualization and 3D
texture volume rendering. Programmable visualization is
created by separating rendering component from user
interface and making interface between rendering
component and web browser script language. This allows
programmers to write the script to control the
visualization  process. From our prototype
implementation, it is found that client-side programmable
web-based volume visualization approach can achieve
good performance.

Keywords:  Volume  Visualization, =~ Web-based
Visualization, Texture Mapping.

1. INTRODUCTION

Volume visualization is an effective technique for
analysis and for presenting volume data. The volume data
can be acquired either from measuring with some
equipments (such as CT - Computer Tomography or
MR - Magnetic Resonance images) or from computing in
many fields of work such as medical, science, and
engineering. Many approaches have been proposed and
developed to visualize volume data. They can be
categorised into two groups: software approach and
hardware approach. The software approach is usually
limited in terms of performance due to a large amount of
data and high computation. Some hardware approaches
are good in performance but their specific hardware is too
expensive and they lack of the availability to use in a
widespread system. When 3D graphics hardware on PC
became powerful, it was recognized to be useful in
volume visualization [1] by using its texture mapping
capability to gain the performance of visualization. This
approach is proved to have high performance enough to
achieve interactive frame rate even on moderate cost PCs.
Moreover, with a catalyst of game business at present, the
3D graphics hardware is now becoming more available,
more powerful and cheaper (less than $100 for moderate
class). Therefore, 3D graphics hardware is now an
attractive choice to utilize in real-life applications.

Nowadays, information can be accessed from
everywhere through the internet but volume visualization
is still limited on this environment. The reason that
usually be addressed is the lacking of computational
performance on client machines. To our knowledge,
there are several works related to volume visualization in

web environment. Isosurface extraction approaches as
proposed in [2] try to extract surface from the volume
data on a server and use VRML to display the result
surface on client. By avoiding high computation in
volume visualization, these approaches get acceptable to
high performance but the extraction cause data lost which
can affect some applications such as in the medical area.
Another VRML approach as in [3] uses texture mapping
technique to visualize volume data without extracting
surface but the limitation of VRML makes this approach
unable to use graphics hardware to render shaded image
in volume visualization.

Dynamic web pages can change their page's
structure, style, or content after the page is loaded in the
browser without having to request data from a web
Server. Our approach to build programmable
visualization is by creating visualization applications in
dynamic web pages. Advantage of this approach is not
only that we can program the visualization but also that
bandwidth is saved, and response time is short, while
users are allowed to manipulate their visualization.

In this paper, we describe our conceptual design
approach and theoretical background in section 2. Our
prototype implementation’s results are discussed in
section 3. Finally, in section 4 we conclude our paper
and outline the future work.

2. DESIGN APPROACH

The objective of our work is to create a
programmable visualization that has good performance to
achieve interactive frame rate. Therefore, our design is
based. on two approaches: a client-side visualization
(section 2.1) and a volume rendering via 3D texture
mapping (section 2.2). The former is a framework to
create a web-based visualization and the latter is an
algorithm. to-render volume datasets. The client-side
visualization requires that users allow web browser to
install visualization software on client machines. The
algorithm requires that client machines equip with 3D
graphics hardware. In order to improve the appearance of
the result images, we add shading (section 2.3) in our
approach. Section 2.4 describes our technique to add
programmable ability to the visualization.

2.1 Client-Side Visualization

In the client-side visualization approach, most of
computation processes are executed on the client
machine. Unlike the server-side visualization,
performance does not depend on number of simultaneous



client machines which are very limited in high
computational visualization like volume visualization.
The client-side visualization approach assumes that
visualization software is already installed on the client
machine or downloaded from server to the client
machine. A volume data can be downloaded from server
or read from local file. Finally, the client machine
executes the visualization software to render visual image
of the volume data.

In the case that volume datasets are not on the client
machine, we have to transfer it from server to client.
Since the major drawback of client-side visualization is
the transferring of typical large volume datasets from
server to client through the internet, we suggest that
datasets be compressed before transferring (Fig. 1). As
volume datasets are actually binary data, thus all lossless
binary compression algorithm (i.e. Huffman or
Arithmetic coding) can be used. After data transfer, the
client decompresses the datasets and uses it in rendering
process.

Volume

o

Fig.1: Data Transfer

2.2 Volume Rendering via 3D Texture Mapping

Texture mapping is ability of graphics hardware to
draw textures on 3D surfaces. Textures are simply arrays
of data - for example color data, or luminance data. The
individual values in a texture array are called texels.
Types of textures are categorized by number of
dimensions of texture array. Capability of using 3D
textures is a part of OpenGL 1.2 standard [4] which is
supported by most current consumer PC’s graphics
hardware (e.g. NVIDIA GeForce3, 4, FX, ATI Radeon).
This capability is proved that can be useful in volume
rendering [5]. The main idea is to use texture mapping as
trilinear interpolation by interpreting datasets” to (3D
texture. Since both volume datasets and textures are array
of data, interpreting is done by simply convert voxel data
to texel data. We render the dataset by applying the
texture to multiple planes parallel to the image plane,
called resampling slices. These slices are also clipped
against the texture domain and sent to the geometry
processing unit of graphics hardware in back-to-front
order. In rasterization state, the hardware divides each
resampling slice into many fragments. A value of each
fragment is calculated by graphics hardware using
trilinear interpolation within the texture for reconstructing
the texture. Finally, in order to approximate continuous
volume rendering integral we use hardware alpha
blending to compose pixel’s value in frame buffer with
the fragment value by using opacity-weighted colours.
Overall of the process is shown in Fig 2; “a” is one
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resampling slice and texture domain boundary; “b” is
after hardware reconstruct the volume texture on the
slice; “c” is reconstruction of many slices; “d” is final
image after composing all resampling slices. Since all of
high computational processes like interpolation and
composing are done in the hardware, this approach is
proved that in a moderate data size (256°) interactive

frame rate can be archived [1].

(@) () (©) (@
Fig.2: Volume Rendering via 3D Texture

2.3 Shading

Shading is an interesting feature in 3D visualization
which has to present 3D model in 2D image, because it
makes the visualization more dimensional and more
realistic. Figure 3 shows the difference between with and
without shading in volume visualization. Phong
illumination model [7] is the most popular model for
shading because it can produce good image with
uncomplicated computation. The model computes
shading as a summation of three different terms which are
an ambient term, a diffuse term, and a specular term. The
calculation of Phong illumination model is show in
equation 1-4.

i Phong — y/ ambient T I diffuise T 1 specular (1)

L obion =k, )

Ligee = 1,5k, (7 +7) &)

Lo =1,k (o) 4)

1 Phong > L ampient » 1 diffuse » and 1 specular Y€ INtENSity

of each term. k,, k,, and k_ are material property
determines amount of reflection.in each term. / is light
source direction. 7 is normal vectot of surface. A is
halfway vector of light source direction and viewing
direction. The exponent 7 is shininess of the surface.

(@) ®)

Fig.3: (a) Volume Rendering without Shading and
(b) Volume Rendering with Shading



Since vertices of geometry in 3D texture mapping
approach is only at the corner of resampling slices, per-
vertex shading of OpenGL cannot be used. To achieve
per-fragment (per-pixel) shading we use OpenGL
extension called fragment shader (pixel shader). OpenGL
multi-texturing allows programmer to map more than one
texture to surface at a time and color of textures on
surface is combined by fexture environment which is a set
of few inflexible functions. The extension allows
programmer to program the combination of texture’s
values in graphics hardware with more powerful
functions like addition, multiplication and dot product.
Due to all of operators in equation 1-4 are included in the
extension (the exponent # can be complete by multiple
multiplications); the shading is proved to be computed in
graphics hardware by using the extension [8]. Since
volume datasets doesn’t have real normal vector which is
necessary to compute the shading, we use normalized
gradient vector of the scalar in datasets instead. The
vector is sent to graphics hardware by converting
magnitude of vector in each axis to intensity of each RGB
channel and storing it in a 3D texture. The normal texture
is mapped to resampling slices at the same coordinates of
scalar texture. Finally, we program the fragment shader
state to compute the shading in equation 1-4. While the
hardware reconstructing volume on resampling slices
each fragment contains both scalar value and normal
vector of that position. Fragment shader uses this vector
with input light direction and viewing direction to
compute the shaded value of fragment.

2.4 Programmable Visualization Technique

Dynamic web pages are programmed by a set of
instructions called script. There are two types of scripts
according to where they are executed, client-script and
server-script. Since we use client approach, our script is
client-script. Client-script is downloaded to the client's
web browser as part of the HTML document. The client’s
web browser interprets and executes the script.
Programmers write script in script language like
VBScript and JavaScript to describe how. web browser
should handle events that come from user through
controls such as buttons, text boxes, list boxes; or events
on changing status of browser such as on load, on close,
and on size. We separate rendering component from user
interface and make interface between the component and
script languages (see Fig. 4). The interface is composed
of many methods and properties that can manipulate
visualization like changing view port, transfer function,
light direction. Programmers can create their own user
interface and use the languages to describe how
visualization should manipulate according to events that
occur. This also could be useful in consultancy works.
The consultants can create a script that describe their
visualization; user just open the page then the
visualization application execute. Furthermore rendering
component can be reused in different page, different user
interface, and different content. A limitation of client-
script is that it cannot be run without supported web
browser.
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Fig.4: Programmable Visualization

3. RESULT AND DISCUSSION

Our prototype is composed of 2 parts: the rendering
component implemented in C++ and distributed in a form
of ActiveX control. The control script is written in
VBScript. Interface of the control is composed of 3
groups of methods and properties according to their
functional:

e Scene Manipulation (object orientation, light

direction, scale, background color, etc.)

e Buffer Management (loading volume data to
rendering core’s buffer, deleting data in rendering
core’s buffer, etc.)

e Utility (capturing result image, show frame per
second, etc.)

The component uses rendering hardware through
OpenGL and extensions. Both server and client are
standard PC but the client is equipped with a NVIDIA
GeForce4 Ti4600 graphics card; they are linked together
via 100Mbps Ethernet connection. The client web
browser is the Internet Explorer 6.0 which already
supports VBScript. We use Huffman algorithm in
compression process. Table 1 shows the sizes of datasets
before and after compression, compress ratio and
transferring - time. Performance of the prototype in
rendering different size of datasets to 500x500 pixels
view port with and without shading are shown in table 2.
Figure 5 shows the result images of each dataset.

The compression. ratios of Huffman compression
(Table 1) only depend on redundancy of the datasets
without associate with size or complexity. Due to high
speed connection of the prototype, the expected drawback
in consuming transferred time (Table 1) is merely noticed
but approximate calculation from amount of data of
Human Head MR dataset, it will take more than 32
minutes to transfer through 56Kbps Modem.
Performance of the prototype (Table 2) is varying to size
of datasets and shading approximately takes twice
computation time than non-shaded rendering.
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Table 1: Result of Huffiman Compression and
Transfer Time

Compression Time
Dataset Size Before Size After riftio (s)
(byte) (byte)
Nucleon 68,921 53,661 1.28 0.07
Hydrogen 2,097,152 632,890 3.31 0.23
Human
Head CT 6,946,816 2,322,373 299 | 0.57
Human
Head MR 16,777,216 | 13,834,186 | 1.21 6.51
Table 2: Rendering Performance
. Frame Per Second
Dataset Size (voxel) No Shade Shaded
Nucleon 41x41x41 75 =ton
Hydrogen 128x128x128 37 25
Human
Head CT 256x256x106 18 8
Human
Head MR 256x256x256 11 5

4. CONCLUSION AND FUTURE WORKS

We have presented approach to implement velume
rendering applications in_ web  ‘environment. - Our
prototype performance is -high. enough to -achieve
interactive frame rate while rendering moderate size
datasets. Furthermore, programmable visualization allows
programmers to prepare both automatic and users control
visualization. Even after compression, most datasets are
still large enough ‘to cause drawback in low speed
connection. In future works we will investigate new data
compression or transfer method to reduce effect of the
drawback.
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