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Abstract
We present an analytically integrable noise function with
similar computational cost and quality to Perlin’s noise.
We show how to evaluate transmittance integrals through
our proposed noise function in a closed form. Such evaluation requires only two samples of our noise function.
In contrast, previous methods require a number of samples that is proportional to the resolution of the noise to
evaluate a transmittance integral. We also propose a distance importance sampling method for our noise function,
which avoids the limitations of delta tracking. We compare our method to delta tracking. As the resolution of the
noise increases exponentially with respect to the number
of octaves of noise, our method becomes much faster. Additionally, with distance importance sampling, the probability density function of the samples can be calculated analytically, allowing for fast multiple importance sampling.
We also discuss the limitations of our method regarding
the shape of participating media and provide alternative
approaches to overcome these limitations. Finally, we propose approximated solutions that allow for the use of our
method in real-time applications at the cost of small bias.
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Figure 1: Cloud rendered using cosine noise. The scene
is illuminated by a directional light source. Both renders
took 0.8 seconds. Resolution: 450 by 800 pixels. Effective
noise resolution of about 20003 .

Introduction

In nature, many natural volumetric phenomena such as
clouds, smoke and fog have small variations in density
which need to be reproduced by rendering algorithms to
give these phenomena a realistic look. Such variations are
generally achieved by combining simulated volumes with
procedural noise [2]. However, rendering participating
media with procedural noise of such high-resolution is extremely expensive computationally as the time complexity
of transmittance evaluations increases exponentially with
respect to the number of octaves of noise. By octaves, we
refer to the number of iterations or frequencies of noise
used to produce fractal noise.
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First, we will show how previous approaches fail to
avoid this exponential complexity. Then we will show how
we achieved linear complexity using an analytically integrable noise function and give an algorithm for distance
importance sampling as well as compare our method to
the widely used delta tracking. We will then show the limitations of our technique and detail alternative approaches,
which can be used to avoid these limitations. Finally, we
will give a short description of some optimisations, which
let us use our method in real-time applications.

Proceedings of CESCG 2019: The 23rd Central European Seminar on Computer Graphics (non-peer-reviewed)

