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Different Volumetric Estimators Main Contributions
Bidirectional path tracing [Lafortune and Willems 1996] a) Theoretical variance analysis

We have derived analytic variance formulas for all the volu-
metric estimator variants in a canonical configuration. Vari-
ance critically depends on the ratio between the medium
mean free path and the density estimation kernel width.
Beams have lower variance in thin media and/or for small
kernel widths. Points are better for thick media and/or large
kernel widths.
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b) Extended multiple importance sampling w=02mp w=10mp  w=>5mip

We have developed a new framework for combining estimators of integrals over spaces of different dimension.
The extended MIS enables combining point- and beam-based volumetric estimator with Monte Carlo path in-
tegration (e.g. bidirectional path tracing).

c) A new combined algorithm

We have implemented the combined es-
timator into a practical algorithm robust
to variations in media properties.

Beam-beam estimator (Photon beams [Jarosz et al. 2011])

Full transport reference (our algorithm) . |
Point-Point Point-Beam MC path integration

Contributions

Acknowledgments

This work was supported by the Czech Science Foundation (grant P202-
13-26189S) and Charles University in Prague (projects GA UK 1362413
and SVV-2014-260103). Derek Nowrouzezahrai acknowledges funding
from the Natural Sciences and Engineering Research Council of Canada.
Ondfrej Karlik helped modeling the Still Life scene.

Our Combined Algorithm

The work described on this poster has been accepted for publication as:
KRIVANEK J.,, GEORGIEV I, HACHISUKA T., VEVODA P, SIK M., NOW-
ROUZEZAHRAI D., JAROSZ W.: Unifying points, beams, and paths in
volumetric light transport simulation. ACM Trans. Graph. 33, 4 (Aug.
2014), 1-13. 2



