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Overview

# 2D Texture based volume rendering
# 3D Texture based volume rendering

#® Advanced Techniques:
s Cube Mapping.
s Preintegrated volume rendering.
s Translucency.
» Noise



BasicComponents

The following are the basic components needed for volume
rendering

#® 2D/3D Texture Mapping
Alpha Testing

Blending

Clipping

Dependent Texturing
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Cube Mapping



Volume Rendering

#® Ray is sampled at N locations
s a[i] (alpha) is opacity of sample I.
s CJi] is colour of sample I.

#® Approximate solution:
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Transfer function

We need a technique for mapping voxels in the volume to
pixels. Simple solution:

C = intensity
a = Intensity



Texture-baseavolume Rendering

Slices are composited back to front
| =0;
for(int 1=1;i<N;i++)
= Cli]l+ (1 alil) I;

Blending is used to implement compositing.
Alpha testing can be used to remove fragments.



Texture-baseavolume Rendering




Demo



Rendering Iso Surfaces

Normal Shaded Isosurface Marching Cubes

Gradient is stored in red, green, and blue channels.
Alpha testing removes samples below isovalue



Texture Mapping vs. Mar ching Cubes



Top ThreeDrawback of 2D Textures

Must maintain three sets of slices.
Quality depends on viewing angle.
Hard to generate intermediate slices.

Popping.



3D Texture BasedRendering

Requires 3D hardware texturing (Geforce3 or above)
Volume is stored in a single 3D texture.
Slices are always parallel to image.



Diffuse Volume Rendering (again)



Cube Mapping



Cube Mapping |



Cube Mapping Il



Cube Mapping - Texture Shader

nvparse("!!TS1.0\n"
"texture_3d ();\n"

"dot_product_reflect cube _map_eye from_gs_lof3(expand(tex0));\n"
"dot_product_reflect _cube _map_eye from_qs_2of3(expand(tex0));\n"
"dot_product _reflect cube _map_eye from_gs_3of3(expand(tex0));\n");

texO contains the normal.

Texture coordinates s,t,r for tex. unit 1, 2, and 3 form a
3X3 matrix.

eye vector is stored in the three g coordinates.
Cube map bound to texture unit 3.



Cube Mapping - RegisterCombiner

nvparse("!'RC1.0 \n"

"const0O = (0.5,0.5,0.5,0.5);\n"

"(\n"

" const0 = (0.4, 0, 0, 0);\n"

" constl = (0.6, 0.6, 0.6, 0);\n"

rgb {\n"

spare0 = expand(const0) . expand(tex0);\n"
sparel = constl tex3;\n"

\n"
"\n"
"final _product = unsigned(spare0) constO ;"
"out.rgb = final_product + sparel;\n"
"out.a = tex0;\n"

);
tex0 still contains gradient.

tex3 contains value of cube map.



DependentTextures

Using dependent textures we can implement arbitrary
transfer functions.

Volume intensity is used to perform table lookup.
An example: a=fa(l;r 1) C=1f(;r I)

1D example shown below (maximum intensity
projection)



PreintegratedVolume Rendering

[Klaus Engel et al.]

Render slabs instead of slices:
Render two slices at a time (multitexturing)
Perform 2D lookup in table of integration values.

Slabs are composited back to front
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PreintegratedVolume Rendering

The texture shader

I/l Setup texture shader.
nvparse("!!TS1.0\n"
"texture _3d ();\n"
"texture _3d();\n"
"dot_product _2d lof2(tex0);\n"
"dot_product_2d 2of2(texl);\n");

The register combiner
nvparse("!'RC1.0 \n"
"out.rgb = tex3;\n"
"out.a = tex3;\n");



Preintegrated VVolume Rendering



Preintegrated: Doing Isosurfaces

[Klaus Engel et al.]



Recentadvances: Translucency

[Kniss et al.]



Fast Noise
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Slow Noise
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Marble —sine



Marble — noise



Marble —turbulence



Adding noiseto volumes

[ Kniss ] We can use noise in two ways.
Adding noise to texture value.
Adding noisy offset to texture lookup (see below).

Caveat: Offset textures are only 2D, so we must render to

pixel buffer.



Not so uffy



Much more uffy



Fluffy and ... cloud-like



Mor e Information

Two recent survey publications:

Eurographics STAR Interactive High-Quality Volume
Rendering with Flexible Consumer Graphics Hardware
K. Engel, University of Stuttgart

SIGGRAPH 2002 Course Notes. # 42: High-Quality
Volume Graphics on Consumer PC Hardware
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