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Motivation

Visualize preferably all the internal
structures at the same time

No a priori knowledge about the data

Avoid time-consuming specification of an
appropriate transfer function

Interactive frame rates on a low-end PC
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Traditional methods

Indirect volume rendering - “Marching Cubes”
¢ computationally expensive preprocessing

¢ which iso-surface represents the data best?

¢ 3D graphics HW is required for fast rendering

Direct volume rendering
¢ time-demanding transfer function specification
¢ HW acceleration Is reguired for fast rendering
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Non-photorealistic volume
rendering (NPVR)

Real-Time Volume Previewing [Saito, 1994]

Principal Direction-Driven 3D LIC
Interrante, 1997]

Pen-and-Ink Rendering in Volume
Visualization [Treavett & Chen, 2000]

Volume lllustration: NPR of VVolume Data
[Ebert & Rheingans, 2000]
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Contour projection

Emphasize the surface

voxels (the gradient

magnitude represents ﬂ
the “surfaceness”) &\

View-dependent ,.il :
Intensity calculation - {1 ,r,} )
contour enhancement &ad. |

Maximum; intensity.
projection (MIP)
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Contour enhancement

View-dependent intensity function:

(P, V) = (1= V- gren" - 9( VT (p) )

¢ N controls the sharpness

¢ 9(|Vi(p)|) Is a windowing function

Ini order to keep the depth infermation:

¢ Depth cueing

¢ Local maximum intensity projection (LMIP)

¢ Alpha-blending compositing, where
color: g(|Vf(p)|), opacity: I(p,v)
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Variations of contour projection




Variations of contour projection




Adding level lines




Visualization of internal structures




How to make It interactive?

Gradient quantization (12 bit representation)

View-dependent components of the
iIntensity function are stored ina LUT

Preprocessing - voxels are sorted according
to the view-independent component

Fast rendering using an efficient shear-warp
projection
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Preprocessing for MIP

For efficient rendering the voxels should be
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Preprocessing for
alpha-blending compositing
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Shear-warp projection
M’uiew = Mwa,rp ' Mshear

—>

intermediate image

final image

parallel projection shear-warp projection
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Combination with traditional
volume rendering




Rendering times

Volume Head Vertebrae
Resolution 256 x 256 x 225 2560 x 256 x 241
Model MIP Blending MIP Blending
Rendered voxels 102k 366k 337k 942k
Rendering time 85ms 150ms 130ms 270ms
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Conclusion

Visualization of internal structures without
transfer function specification

The intensity function does not directly depend
on the densities = no a priori knowledge about
the data Is required

Simplified NPR model = data reduction
% no visual everload

¢ Interactive rendering even on a low-end PC
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