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The project is directed to the photorealistic image creation, which is the main area in computer graphics by research, applying and developing of efficient Monte Carlo and quasi Monte Carlo methods. From mathematical point of view, photorealistic image synthesis is equivalent to the solution of a Fredholm type integral equation. One possible approach for the solution of such equations is the Monte Carlo method, which has been in the focus of mathematical research for several decades. With the emergence of powerful graphics cards the importance of this field has risen, since it is possible to make such complicated approaches fast enough to be used in interactive and real-time applications.

Our research is oriented to the design of novel algorithms applying new approaches. We also study efficient and super convergent Monte Carlo algorithms for numerical integration of multidimensional integrals and estimate the computational complexity of such algorithms. New results for the statistical error estimates of the quality of the algorithms are obtained and published.
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”Uniform Separation for Parallel Monte Carlo Image Creation”
A. A. Penzov, S. S. Stoilova, I. T. Dimov 1; and N. M. Mitev

Abstract

The paper is directed to the advanced parallel Monte Carlo methods for realistic image synthesis. Our aim is to apply the stratified Monte Carlo integration method for photorealistic image creation. We introduce and consider a new Monte Carlo approach for numerical solution of the pixel and rendering equation with uniform separation. First, we apply the symmetry property for uniform separation of the pixel area into 8 orthogonal isosceles triangles. Then continuing on the same way, the hemispherical integration domain is also uniformly partitioned into 24 equal sub-domains of solid angles, subtended by orthogonal spherical triangles with fixed vertices and computable parameters. Uniform separation allows to apply parallel sampling scheme for numerical integration. Finally, we apply the stratified Monte Carlo integration method for solving the pixel and rendering equation. The superiority in faster convergence rate of our Monte Carlo approach is proved and discussed. In our proposal the sampling points are reused in a natural way leading to reduction of the generated sampling points, which is another advantage of the method.

04 March 2008 – Scientific seminar, Institute for Parallel Processing – BAS, Sofia, Bulgaria.

”Variance reduction schemes for Monte Carlo estimators in global illumination algorithms”
Szécsi László - Budapest University of Technology
снимка

Abstract

Global illumination is a photorealistic image synthesis approach, which aims to compute images of three-dimensional virtual worlds by complete simulation of physical light transport. To render an image, we have to find the eye-directional radiance exiting visible surface points. This is computed by integrating incoming radiance multiplied by the probability of light being scattered towards the eye over the domain of incoming directions. Incoming radiance has to be found recursively performing the same integration. Thus the rendering problem can be formulated as the evaluation of a high-dimensional integral, which can be attacked using Monte-Carlo methods. Samples of the integrand correspond to light paths connecting the eye to light sources. The generation of such light path samples is the core part of any global illumination algorithm. The bottleneck of sample generation is typically the ray casting operation used to find a surface point visible at a certain direction. Therefore, it is important to reuse path segments to acquire new light paths at a low computational cost. Importance sampling is the basic sample generation strategy, but finding an appropriate and practical probability density function is challenging in most scenarios.

The talk lists a few examples of sampling techniques and Monte-Carlo estimators that reduce random noise in certain global illumination image synthesis algorithms.

When Russian Roulette is used for path termination in random walk algorithms, the final incoming radiance estimate for a terminated path is zero. The expected value of the estimator remains correct because the value is scaled up in case the walk is continued. This introduces additional variance, which can be reduced if a better guess than zero is used.

The radiance must be computed at several wavelengths to obtain a color image. The same light paths can be used for all of them. However, by weighting the spectrum of the surface albedo with the spectrum of the incoming light, we can avoid the costly generation of light paths that do not contribute to the illumination because of disjoint spectra.

Basic importance sampling can be improved on if we have some a priori knowledge of the integrand, for instance that a region has low variation. In path tracing, we can use more samples where the anticipated error is higher, thus allocating more performance to the difficult parts of the image and exploiting coherence in low-variance regions.

Weighted importance sampling is useful when a good probability density function is known but we cannot generate samples with the respective distribution. The instant radiosity method generates light paths using shooting paths, stores them as virtual joint lights, and connects these to a shaded point, instantly creating a high number of light paths. This efficiency can be combined with the better probability distribution scheme of path tracing using weighted importance sampling.

Metropolis light transport sidesteps the limitation of sampling probability density functions by generating samples incrementally. Sample mutations can be efficiently performed in the primary sample space of uniformly distributed random numbers. Combining the method with large mutation steps (equivalent to path tracing) eliminates the drawbacks due to correlated samples.

Correlated sampling can be used when the main part of the integrand is know and is analytically integrable. In case of area lights, the illumination without occlusion (and some other assumptions) is such a main part. In unoccluded regions correlated sampling is superior, but in dark areas where the main part is not a good approximation, importance sampling is better. A combined estimator can reduce the error in all areas.

Slides link - www.iit.bme.hu/~szecsi/sofia.ppt
”Real-time global illumination in interactive applications and games”
Prof. D.Sc. Szirmay-Kalos László - Budapest University of Technology
снимка

Abstract

The light transport is described by a Fredholm type integral equation of the second kind if the scene consists of opaque objects and by an integro-differential equation in case of participating media. In this talk we present solution techniques to these equations that offer real-time frame rates, i.e. at least 20 images in each second. To meet the performance requirements, we develop a specific technique for each type of lighting phenomena, including the self-illumination of the static scene, the illumination of the environment on specular objects (i.e. mirrors or ideally refractors) and on diffuse/glossy objects, caustics, and finally the illumination of participating media. We also show how these effects can be combined together and apply in interactive visualization systems and computer games.

Slides link - http://sirkan.iit.bme.hu/~szirmay/gigamesofia.ppt 
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