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● Realistic simulation requires powerful 
hardware equipment and many hours of 
rendering             Non real-time

● Today’s real-time solutions requires massive 
multicore GPUs            expensive graphics 
cards

● Currently there are limited solutions:
✗ Texturized skydomes
✗ Particle systems
✗ Photo-realistic implementations

● An efficient volumetric rendering solution is 
required
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● High-
performance

● Low detail

● Low-
performance

● Hyper-realism

Thesis is here

Research objectives

Hypothesis: «Is it possible to generate new algorithmic models for cloud 
rendering with an optimum balance between realism and performance to be 
applied in the entry-level graphics industry?».
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● A new approach of cumuliform cloud dynamics based on the GPU and CPU 
load distribution to solve the Navier-Stokes fluid dynamics equations with high 
performance and reliable results

● A morphing algorithm
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SIMD model

Data level parallel 
programming 
example

● GPGPU parallel programming capabilities thanks to nVidia CUDA 
● The CUDA GPU contains N3 streaming multiprocessors, where each multiprocessor is a set 

of 8 streaming processors  (SPs). Each SP creates, plans and executes up to 24 warps in 
one or more blocks (768 threads)
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Main concepts

Absorption

Scattering

● Extinction: K = K
s
 + K

a

● Optical depth:

● Transmittance:

● Absorbance:

● Single scattering

● Multiple scattering

● Scattering albedo: 
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● Water droplets act as small lenses refracting 
light in all directions, also known as scattering:
– 50% of light follows the direction of incidence
– 50% of light departs in all other directions

● This phenomenon causes the cloud to look 
bright even in places that should be shadowed

● The phase function reproduces this assimmetry 
at a macroscopic level

● Computing scattering for every point recursively 
is computationally expensive

● Forward scattering can be computed with little 
extra cost during ray marching and covers 50% 
of the light

Incident light Forward scattering
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Ontogenetics vs. Physically based models

Texturized primitives

Author’s 
contributions

● Approaching, 
manoeuvering 
around, traversing 
the gaseous form

● Cloud animation

● Dynamic lighting in 
real-time

● More realism
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Particle systems

Author’s 
contributions

● Use of tens of 
pseudospheroids 
instead of thousands 
of particles

● More gaseous form 
realism thanks to the 
volumetric rendering

● Realistic time-evolving 
cloud animation
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Geometry distortion

Author’s 
contributions

● Arbitrary shaped clouds

● Better lighting systems than 
Phong or Gouraud

● Improved cloud dynamics and 
animation
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Volumetric rendering

Author’s 
contributions
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Volumetric rendering

Author’s 
contributions

● Improved performance

● Real-time cloud dynamics, 
animation and morphing
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A three-dimensional cube of 64 x 64 x 64 single-precision floats is filled with 
uniform random noise pre-calculated in CPU before generating fBm (fractal 
Brownian motion) noise in GPU

where w = 1/2 and s is 2.
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Basic volumetric cloud rendering 
algorithm in GPU
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Bounding boxes improvement

● Thanks to the Smits’ [Smi02] algorithm and the improvement of A. Williams et al. 
[Wil+05]

● The proposed model only needs around ~35 pseudospheres to generate a cumulus 
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● CPU pre-calculates light inside the cloud using voxels

– Takes into account transmittance and scattering
– Executed only when the light position changes

● GPU calculates projection in frame buffer
– Takes into account cloud transparency and light emitted from the cloud (scattering)
– Executed every frame
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● Pre-computed lighting:
– Computed for every ray from the voxel to the light source
– First term represents light reaching the voxel inside the cloud
– Second term represents light scattered at every point along the ray collected in the 

voxel and taking into account attenuation inside the cloud

● Real-time rendering
– Computed for every point along the ray traversing the cloud from the camera
– First term represents light from each voxel along the ray reflected in the gas volume 

according to its density
– Second term represents light from each voxel along the ray scattered according to 

gas density and phase function collected in the forward direction
– Both terms are affected by attenuation from each point to the camera
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● Low number of pseudo-spheroids

● Improved bounding boxes

● Improved Gaussian equations

● L-System fractal cloud generation

● Efficient lighting system

● Fast light pre-calculation (NDT algorithm)

● Smooth 3D mesh clouds

● GPGPU cloud dynamics and morphing by using CUDA

Achievements:

The initial hypothesis is confirmed and 
these algorithms are good candidates 
for applications requiring an optimum 
balance between realism and 
performance to be applied in the entry-
level graphics industry.

Thesis
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¡Muchas gracias!



  

 Pearson Scott Foresman 
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● Cloud taxonomy is CC BY-SA 3.0 by Valentin de Bruyn / Coton.
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