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Abstract complex and expensive non-real time calculations and

not structured in a manner suitable for use in real time envi-
Current techniques for creating clouds in games and ronments.
other real-time applications produce static, homogenous We use cellular automata to model cloud dynamics, pro-
clouds. These clouds, while viable for real-time applica- viding realistic looking clouds at realtime rates. Howev
tions, do not exhibit an organic feel that clouds in nature unlike previous physically based simulations, we also
exhibit. In this paper, we show how to create dynamic fer an ability to control the shape and appearance of clouds
clouds with multiple shape options. We will create cellu- through custom shaping routines.

lar automation that runs on the GPU using the function  We-begin-this-paperwith-a-diseussion-ef-etherwerk in
that corresponds with the type of cloud that is being pro- thefield-ef-cloudrendering—We-willthen-shew-in-detail the
duced. Then the position of these clouds is updated everynethedswe-usedand-close-with-a-disedssion-efodrresults.

few frames to correspond with a wind model. Using this

technique, we were able to produce realistic looking clouds 2. Related \Wor k

of different shapes. These clouds, when viewed over a time

period, were able to deform their initial shape and mvoe in ~ There is a great deal of existing work towards the effi-
a more organic and dynamic way. The clouds were able to C|ent and realistic rendermg of cIouds—As—a—testament

run at 15-30 fps with very few artifacts. With cloud shape he
technology we should be able in the future to extend to cre- have—ueed—a—\mde—\ane%y—ef—meﬂwds—fel;be%h—amwatlon

ate even more cloud shapes in real-time with more forces@Re-Fenrdering.
reacting on the clouds. Clouds have been represented by particle systémg,[

metaballs P, 6], and dynamically generated impostet$. [
Clouds generated using these techniques tend to all assume
the same shape: fluffy, cumulous clougs. There has been
work done towards generating artists tools for cloud model-

Clouds are an essential component of any outdoor vir-ing: Schpok et al ] produced a tool for artists to specific
tual environment. They add an important element of visual types and qualities of clouds, but once created, these sloud
detai out which the environment would feel unrealis- are not interactive. Wang'ss] work focuses more on artist
tic. The computer game industry has driven much recentcontrol of cloud shading. Her system provides a basic par-
research on the production of realistic looking clouds that ticle system that an artist can then tweak and shade before
one may fly around or through. This work has produced sev-placing them into an applicatign.
eral techniques for quickly rendering clouds that looksivis For many years, simulation was considered prohibitively
all ealing but are not true cloud simulations. Methods expensive for cloud rendering, especially given the many
range from billboard imposters to more complex procedu- other tasks that must be performed in the applications that
rally generated objects. Often these rendering methods aravould incorporate clouds. More recently, given the wide
limited to producing simple cumulus clouds. While cumu- availability of programmable graphics hardware, techagju
lus clouds are pretty they represent only one of may distinctfor realtime physical simulation of clouds have become
cloud types. more feasible. Dobashi et al. 1][introduced a simpli-

As is often the case in computer animation, a true phys-fied simulation of cloud dynamics using cellular automata,
ical simulation of the phenomenon being rendered is nec-producing interactive, realistic-looking clouds. Hares
essary for a convincing animation to be produced. Otheral. [4] approached simulation more directly; they used a
avenues of research pursue true cloud simulation for scienseries of partial differential equations to solve the Navie
tific research purposes. These rendering methods involveStokes equations on the GPU. The simulation is adjustable
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for cloud density, but they offer no control for an artist to
specify a specific type of cloud.

Our work falls between these two styles of cloud gen-
eration: we provide an ability for an artist to specify types
and qualities of clouds, and then offer a physical, intévact
cloud simulation.

3. Methods

3.1. Simulation

The first step in producing clouds is to simulate their
movement. We use a cellular automata method derive
from Dobashi et al's work ] and apply their rules to a . ) .
hardware accelerated partiiule Syste%?zVe also generate seen in other cloud rendering systems. This type of cloudeen

. . at 30fps in our system.
bounding volumes to help contain the custom shapes; when P Y
particles cross over the bounding volume, a force is applied
to the particle to make it move in the opposite direction.

dFigure 1. A common Cumulonimbus Capillatus Incus cloud ren-
dered using our system. This is the most common kind of cloud

3.2. Rendering

There are two major tasks to rendering realistic looking
clouds: rendering the simulated results, and applyingdigh
ing effects. We render our simulation using the same par-
ticle system, with a gaussian splat texture applied to each
particle. We find that using a particle system with a large
number of particles provides comparable results to other,
more sophisticated rendering methods. We also implement
multiscattering for effective cloud lighting. Correctliting
is important for realistic looking clouds.

Figure 2. An example of a slightly less common type of cloin t
4. Results Cirrus. It is generally not produced by other systems. Duiéo

. . wispiness and complexity of its shape, we render this cloodig
We were able to create and animate four different types 15

clouds; examples are shown in Figufeand2. These
models include Cumulonimbus capillatus incus, Cumulus
humilis, Altocumulus castellanus and Cirrus. The initial should be put in to creation of external forces; this will @
number of cells was set at an array of 256x256x20. The |ow more realistic movement of the clouds.
only parameter set was a pre-set call to a particular cloud
distribution function.
All clouds were tested on a 2.33 GHz machine. The first References
and second clouds were able to run on average at 30 fps angh} v, Dobashi, K. Kaneda, H. Yamashita, T. Okita, and
the third and fourth clouds due to their extra complexity T. Nishita. A simple, efficient method for realistic anima-

only ran at 15 fps. tion of clouds. InSIGGRAPH '00: Proceedings of the
27th annual conference on Computer graphics and interactiv
5. Conclusion techniquespages 19-28, New York, NY, USA, 2000. ACM

Press/Addison-Wesley Publishing Ch.2
We have shown a method for creating simulated cloud 2] Y. Dobashi, T. Nishita, H. Yamashita, and T. Okita. Model

animation from different clouds. Through a mixture of cel- ing of clouds from satellite images using metaballs. PI@
lular automata and custom shaping routines, we were ableto  '98: Proceedings of the 6th Pacific Conference on Computer
create realistic animations of different types of cloudse T Graphics and Applicationgpage 53, Washington, DC, USA,
graphics hardware was used to great effect in optimizing the ~ 1998. IEEE Computer Society.

initial placement of the cells for the clouds. [3] M. Harris. Real-time cloud rendering for games. Game

Future work may include adding arbitrary shapes to the Developers Conference 2002 Proceed|r2302. 1
clouds and deformation functions to simulate the chang-[4] M. Harris, W. Baxter, T. Scheuermann, and A. Lastra. Sim-
ing of the shape between types of clouds. Also, more care ulation of cloud dynamics on graphics hardwar@roceed-
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