Realtime simulation of  smoke 


Project spesification

Introduction

Animation/visualization of smoke has long been a topic of interest in computer graphics, and following the increase in common processing power researchers have started using physical simulations to generate these animations. Smoke, and other fluids, is extremely hard to animate by hand, and simulation techniques producing realistic results are highly applicable and desireable in areas ranging from computer games to weather forecasts. To maintain a reasonable level of useability, these techniques should allow a certain degree of control, and not be prohibitively expensive computationally. Powerful parallell hardware systems is often used to solve these tasks, thus elevating the programming challenges up to a higher level.

An approach described in [1] exploits physics unique to smoke in order to design a numerical method that is both fast and efficient on the relatively coarse grids traditionally used in computer graphics applications (as compared to the much finer grids used in the computational fluid dynamics literature). The model uses inviscid Euler equations instead of Navier-Stokes, as the former usually are more appropriate for gas modelling and less computationally intensive. This model also handles the interaction of smoke with moving objects. 

Goals

This project will be an extension of the project "Realtime simulation of Smoke" by Torbjørn Vik, written autumn 2002. Several related mathematical, graphical and technical fields will be investigated, and the research will eventually result in a realtime application exploiting dual-cpu hardware to visualize rolling and twirling smoke in three dimensions.

Both simulation and visualizing algorithms should handle three dimensional domains. Compared to the previous prototype, this introduces more complicated data structures and rendering code while the simulation code stays more or less the same. The linear interpolation of off-grid values will involve eight reference points instead of four, and the matrix built for solving Poisson equations will of course grow accordingly to the extra dimension. The relationship between rendering and simulation will also change as the model is extended to three dimensions. More processor intensive calculations are required to render the results, especially in respect to lighting as the effect of self-shadowing is a very important aspect when rendering volumes of smoke. This will probably be achieved using a fast Bresenham line drawing voxel traversal algorithm [2] to trace rays of light through the volume. 

Both simulation and rendering code should detect and exploit hardware capable of running multiple parallell instructionstreams (dual-cpu). Algorithms must be chosen and designed to make efficient use of such hardware.

The optimization technique proposed in the previous project may be investigated further, but an improvement in visual quality is required before any further implementation. A possible solution is to perform the n-frame interpolation not directly on the smoke's densities, but for example on the gas's velocities.

The mathematical research should be focused on selecting an appropriate preconditioner for the Conjugate Gradient method, based on "benchmarks" for the different alternatives. Alternatives to CG solving the equations of fluid flow should also be investigated. 
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