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INTRODUCTION

** Volume Ray Casting

» Direct volume rendering (DVR)
» Composite samples (F-to-B or B-to-F)
» # samples > Nyquist sampling freq.

¢ Oversampled Ray Casting

» Multiple samples within a voxel
—> over-composited opacity

» Objective

=» Correct opacity to avoid artifacts from over-composited opacity
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RELATED WORK

*»» Lichtenbelt et al. [2]:

» Assumption: homogeneous datasets
» Motivated by Lacroute [1]

> a'=1-X1-a (1)

N : oversampling factor, ( : original opacity, «& ": corrected opacity

*»» Lacroute [1]:
» Opacity formula in terms of sampling spacing
» Equivalent to Equation (1)

“* [1,2]’s opacity correction is used in [3, 4]
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NEW OPACITY CORRECTION APPROACH

¢ Generalize derivation of Equation (1)

“* No homogeneity assumption

¢ E.g., Composited transparency

for oversampling x2 within a voxel:
> (1-a,) =(-pa, )x(1- pa,,), where
a :opacity, u, o :unit- & over- sampling
Rearranging 2 F: (o, a,,)p°—(a,+a ,)p+a,,=0.

(aul 5= aol)
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NEW CORRECTION

** Generalization
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(=N p° =0
** Solve for p (0<= p <=1): new correction factor

¢ Accelerate computation via deg. 2 poly. fitting
» Approximation: F (p)=Axp’+Bxp+C
» Passing through »,=0.0, p,=0.5, p,=1.0.
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New Opacity Correction Approach

s Computational advantages

> Avoid &1 — a  operations
» Multiple use of new correction factor, p

> Reuse of inverse matrix
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EXPERIMENTS

“* Synthetic Data-Testing All Combination

¢ Real Data Tests (x5)

v Rendering Quality, Rendering Time
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EXPERIMENTAL RESULTS 1

COMPARISONS OVER ALL POSSIBLE COMBINATIONS OF SAMPLE VALUES (x2)
* SYNTHETIC DATA *

no correction w/ [1, 2] correction w/ new correction
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EXPERIMENTAL RESULTS 11

COMPARISON OF COMPOSITED OPACITIES & INTENSITIES FOR A VOXEL

* AN EXAMPLE *

Composited Resultant

Intensity Opacity
Unit—=sampling Unit—=sampling

0.0690350 0.262745

0.233449 - 0.823365

.0000 69.2000 73.4000 78.6000 84.8000

0.0857622 0.293007
0000 69.2000 73.4000

Qversampling with new corregtjon 0.0795592 Qversampling with new corregtjon

69.2000 73.4000 78.6000 84.8000 . 69.2000 73.4000 78.6000 84.8000

An example of comparison of composited intensities & resultant opacities for a voxel: Rays within a voxel for unit-

sampling, oversampling without correction, oversampling with [1,2]’s correction, and oversampling with new
correction from top to bottom, respectively
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EXPERIMENTAL RESULTS 11

* COMPARISON vs. BENCHMARK *

(2)

(b) (©) (d)

Marschner-Lobb dataset renderings (64x64x64) from (a) analytical integration and (b-d) oversampling (5 times) volume ray
casting, (b) without opacity correction, (c) with [1,2]’s correction (d) with new opacity correction
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COMPARISON RENDERINGS [

©)

(a)

(b) =
Lobster renderings (120x120x34, CT) from (a) Marching Cubes isosurfacing and (b-d) oversampling (5 times)
volume ray casting, (b) without opacity correction, (c) with [1,2]’s correction (d) with new opacity correction
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COMPARISON RENDERINGS 11

(a)

(b)

— N

)

©)

(d)

Engine block renderings (256x256x256, CT) from (a) Marching Cubes isosurfacing and (b-d) oversampling (5
times) volume ray casting, (b) without opacity correction, (c) with [1,2]’s correction (d) with new opacity

correction
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COMPARISON RENDERINGS 11

)|

Foot renderings (256x256x256, CT) from (a) Marching Cubes isosurfacing and (b-d) oversampling (5 times)
volume ray casting, (b) without opacity correction, (c) with [1,2]’s correction (d) with new opacity
correction
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APPROXIMATION ERROR

Fitting Error, New Opacity Correction,
Lobster Dataset (120x120x34, CT)

x5 Oversampling | 0.0031 | 0.011 0.088%
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PROCESSING TIME

Opacity Correction Speedup

New opacity correction vs. [1,2]’s correction for 40 real datasets

xS oversampling

| Speedup | 147 | 124 | 68

Overall VRC Rendering Speedup

New opacity correction vs. [1,2]’s correction for 40 real datasets

xS oversampling




CONCLUSION

“* New opacity correction

» Generalization of existing opacity correction
v" Similar rendering quality
v Faster rendering (~2 times overall)

» No dataset homogeneity assumption

¢ Future work:
» Even faster opacity correction?

» Better accuracy?
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