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Abstract

In recent years, interactive Computer Graphics (CG) technigues have been getting more
available with advances in GPU (Graphics Processing Unit) and functions-integrated middleware.
Applications of these techniques have been expanding into various fields, such as conventional
game graphics as well as movie production and city design.

Physics simulations serve as an essential factor of interactive CG. At present, many physics
simulations, including solid simulations and elastic simulations, can be executed at an interactive
speed, whereas simulations of gaseous phenomena are not well established yet. In this thesis,
methods for interactive visual simulation of flame, which is very hard to represent in a manual
fashion, are introduced. Main focus of the methods is placed on visual plausibility while taking
physical validity into consideration. Thus, physics simulation algorithms as well as high-quality
rendering algorithms are developed. Consistent use of particles can liberate the users from spatial
restriction imposed by grids and lead to improved interactivity.

Specifically, what were proposed in this thesis include a method for flame simulation by
extending a widely-used particle method called SPH (Smoothed Particle Hydrodynamics) and a
high-quality flame rendering method, which is a simplified version of an existing volume render-
ing method called Particle-Based Volume Rendering. In addition, both of these simulation and
rendering methods were accelerated using a modern GPU.

As a consequence of this thesis, the proposed interactive and space restriction-free visual

simulation methods succeeded to open the door for the users to render flames freely.
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end for
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end for
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if isResamplingTimeStepen
doResampling()

end if

for all particlesdo
createParticlePairs()

end for

for all particlePairglo
calculateDensity()// O (3.10)

end for

for all particlesdo
calculatePressure()/ O (3.11)

end for

for all particlesdo
calculatePressureForce() O (3.12)
calculateViscosityForce()y/ O (3.13)
calculateHeatDffusion() // O (3.20)
calculateFuelDjfusion() / O (3.21)

end for

for all particlesdo
calculateChemicalReaction()/ O (3.181 O (3.19)
updateTemperature(y/ O (3.22)
updateFuel() / O (3.23)
addBuoyancyForce()// O (3.16)
updateVelocity() / O (3.14)
updatePosition()// O (3.15)

end for
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