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Abstract
This work describes an approach for model-
ing and animating clouds in real-time. We
propose the sky generation based on a hier-
archical model formed by groups of clouds.
This model uses billboards in order to create
volumetric clouds that can be processed in
real-time, and it also introduces automatic
generation of clouds diversity, composing
different skies. Rendering of clouds rendering
is performed using vertex-shader and a simple
technique of light absorption very similar to
ray-casting algorithms. The main applications
of the model are games and interactive en-
tertainment, where large areas of nature are
represented in a realistic way and in real-time.
We also discuss some results obtained with this
model and compare them with clouds existent
in real life. In addition, we present sky ani-
mation to visually represent climatic variations.
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1 Introduction

Simulation of natural phenomena such as cloud
and water is an important research field in com-
puter graphics. Specifically, clouds play an
important role in creating images of outdoor
scenes. Contrasting with the high complexity

of methods based on Physics or fluid dynam-
ics used to generate clouds in movie produc-
tion, digital entertainment applications require
real-time processing as well as user-interaction.
Some examples of such applications are flyer-
simulator games, where interactivity and visual
realism are very important.

In games and digital entertainment, visual re-
alism is very important in order to provide a
sucessful application. However, visual realism
is not the only factor for such kind of success.
Also, quality of behavioral animation of charac-
ters, the game storyline and other attributes are
very important. In a flyer simulator, the player
spents much time in outdoor scenes and, conse-
quently the realism of such environment should
be rich in order to provide to him/her the greater
feeling of immersion as possible. However, as
expected, it requires a high computational cost.
This problem is still more evident when the ap-
plication also requires computational resources
for other type of processing such as birds fly-
ing, rendered buildings, behavioral animation,
virtual population, among others.

Another sort of problems can arise in such
applications: clouds should change in the sky
as time goes by. Also, clouds should be dif-
ferent among them and represent climatic vari-
ations. Such aspects are very important in or-
der to provide visual realism and are addressed
in our model. In this work we propose an ex-
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tension of the model proposed by Wang [1]
in order to model fast and realistic clouds us-
ing billboards. The main contributions of this
work are: i) semi-automatic generation of three-
dimensional clouds models based on billboards,
ii) the diversity of generated clouds in order to
provide more realistic skies with less user inter-
vention, iii) cloud illumination using a technique
of light absorption to simulate dark areas of the
cloud using ray-casting methods and iv) the sim-
ulation of climatic variation in animated skies.
Moreover, while item 1 is semi-automatic, re-
quiring few user-interaction; items 2, 3 and 4 are
completly automatic.

This paper is organized as follows. Next sec-
tion describes related work presented in litera-
ture. Section 3 presents our model for gener-
ating clouds, while section 4 presents how we
generate and animate the virtual skyies, deal-
ing with climatic variation. Section 5 discusses
some results obtained with this model, and sec-
tion 6 presents the conclusions.

2 Related Work

Gardner [2] proposes a simulation model where
clouds are represented through several planes
which are parallel to the ground. On each
plan, there are textures mapping which are pre-
viously generated based on parameterized equa-
tions, where it is possible to change cloud den-
sities, light refraction, among other attributes.

Other authors [3], [4], [5] discuss the ap-
proach based on voxels which are used to de-
fine the cloud model. Basically, they propose
a noise function which generate points into a
determined space. According to Lewis [3] it
is possible to generate good results consider-
ing surface representation, by using stochastic
methods to model natural phenomena.

As mentioned before, a big challenge in
clouds approaches concerns the time for render-
ing process. Maciel [6], Schaufler [7] and Shade
[8] use impostors in order to render a large num-
ber of clouds. Also, Harris and Lastra in [9] and
[10] use impostors to simulate real-time clouds
in graphics cards.

This work proposes a method to model and
animate clouds in real time implemented in
graphics cards. The main contributions of this

work in comparison with others related in litera-
ture are concerned with cloud modeling (a semi-
automatic model using billboards), cloud diver-
sity (automatic method), cloud animation pro-
viding climatic variation (parametrized method)
and cloud illumination using ray-casting (auto-
matic method).

3 The Model for Generating
Clouds

This section describes the model used to gen-
erate clouds. A schema is illustrated in Fig-
ure 1 presenting the components of the model.
Figure 1 (item 1) describes one of the concepts
we introduce in this work: clouds are originally
represented as seeds, which are the basic ele-
ments in the model. Moreover, seeds can orig-
inate 3D boxes, fact that justify its denomina-
tion, and a cloud can be formed by a set of
seeds and boxes. At this point, the diversity of
clouds can be generated, meaning that variety
in terms of boxes position and density are gen-
erated based on same seed. In Figure 1 (item
2) we can see 3D boxes generated as a func-
tion of one basic seed (arrow helps to identify
it). Figure 1 (item 3) shows a cloud generated
using our model where it is possible to visual-
ize billboards related with each 3D box. In Fig-
ure 1 (item 4-a) and (item 4-b) we can observe
six different clouds, which geometry (based on
boxes) was randomly generated using the same
seed, and with only two mapped textures, one
for (item 4-a) and another for (item 4-b).

Next section describe details of some compo-
nents of the model.

3.1 The Seeds

This section describes the seeds which are the
basic component of the model. Indeed, a seed is
a bounding box that can be parametrized by the
user in order to change its dimensions(x, y, z).
The main function of a seed is to origin other
3D boxes, and then they together can compose
a cloud. The volume denoted by each seed and
its originated 3D boxes represents the 3D space
where billboards are generated, as can be seen
in Figure 1 (item 3). In fact, the original seed
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Figure 1: The model components.

generates 3D boxes based on the following pa-
rameters:

• Reproduction direction vectors: The user
specifies the reproduction direction vec-
tors, for each seed, denoted by~(Dji

),
where i is the index of direction vectors
associated to seedj (Sj), andj is the in-
dex of the seed. It is possible to have more
than one direction vector for each seed, e.g.
in Figure 1 (item 1) we can see 3 direction
vectors (e.g. ~(Dj1),

~(Dj2) and ~(Dj3));

• Maximum Reproduction angle: For each
reproduction vector ~(Dji

), one can specify
the maximum reproduction angleθi in or-
der to provide a range (from 0 toθi) that
indicates the location where the 3D boxes
will be generated. As illustrated in Fig-
ure 2, ~Sj , ~Dji

andθi are related with the
seed, reproduction vector and a maximum
angle, respectively. A reproduction direc-
tion ~Ri is randomly chosen into the speci-
fied range and defines where the 3D boxes
will be generated (see Figure 3).

• Number of reproduction levels: It repre-
sents the number of iterations used in the
reproduction process. Indeed, the 3D boxes
are generated in different levels of repro-

~Sj

~Dji
θi

Figure 2: Seed reproduction angles.

duction, far from the seed center, as illus-
trated in Figure 3 (l =1, 2 and 3 are repro-
duction levels).

• Number of generated 3D boxes: For each
level of reproduction, we generate a ran-
dom number of 3D boxes within a cer-
tain range between minimum and maxi-
mum values, specified by the user. The
generation process of each bounding box is
described according to Equation 1:

~Bi = ~Sj + l ∗ ~Ri, (1)

where ~Bi is the position of Boxi, ~Sj is the
position of seedj and ~Ri is the reproduc-
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~Sj

~Dji

l ~Ri

l = 1

l = 2

l = 3

Figure 3: Seed reproduction levels.

tion direction, where ~||Ri|| is a value be-
tween 0 and 1 and ang(~Dji

, ~Ri) ≤ θi/2.
Yet, l is the reproduction level being gener-
ated.

In Figure 3 the reproduction levels (1, 2
and 3) are illustrated in a 2D representa-
tion of the seed. ~Sj and ~Dji

are, respec-
tively the seed center and a reproduction
direction vector. The process starts by ran-
domly defining the reproduction direction
( ~Ri in Figure 3) from 0 to maximum an-
gle specified by the user. In the same way,
the number of 3D boxes to be generated in
each level is randomly defined within a cer-
tain range. Then, the reproduction process
starts: for each level of reproduction, 3D
boxes are generated using Equation 1. The
process finishes when the number of repro-
duction levels is attained.

In our model, several clouds can be generated
by using one only seed and only set of parame-
ters. This diversity is automatically provided
and it is very important in the context of our
work, since the artist can easily model a large
number of clouds.

For instance, sparse clouds can be generated
by defining a large number of reproduction lev-
els and a few number of 3D boxes to be gener-
ated. On the other hand, dense clouds can be
generated by defining a few number of repro-
duction levels and a large number of 3D boxes.

3.2 Cloud Visualization

Once each cloud has been modeled concerning
its seeds and 3D boxes, the process of cloud vi-
sualization can start. In fact, the first process
is related with the billboard generation: inside
each 3D box as well as into the seed, a ran-
dom number of billboards are generated varying
within a range specified in the system, as shown
in Figure 4. We have used the same textures
defined in [1], as illustrated in Figure 5. The
textures are chosen by the user when he/she de-
fined the cloud parameters. As presented in [1]
the user must choose textures that represent the
kind of cloud being modeled, for example: the
textures from the top of the Figure 5 are used
for clouds that represent raining clouds, the tex-
ture from the bottom are used in clouds that are
usually observed in sunny days.

Figure 4: The billboards generated in the 3D
boxes that form the clouds.

Figure 5: Textures mapped in the billboards [1].

Concerning the rendering process, our
method for clouds illumination is based on [1].
The contribution is related to the user inter-
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vention required in the process. While our
model is automatic, Wang’s method requires
user intervention in order to manually define the
luminosity of each group of billboards.

Clouds illumination is based on the following
parameters:

• Ambient Light : The ambient light is re-
lated with homogeneous illumination that
affects all the clouds;

• Directional Light : In [1] the amount of di-
rectional light that a vertex of the billboard
receives is calculated as a function of the
angle between a group of billboards and the
light source position in relation to the cen-
ter of the cloud, as illustrated in Figure 6. It
results in brighter areas of the cloud that are
facing to the sun, since it receives more di-
rectional light. However, as mentioned be-
fore, in [1] the artist must define the direc-
tional light component that should be used
to render a specific group of billboards. In
our solution, the directional light is com-
puting according to each vertex of the bill-
board in relation to the light source and the
center of the cloud, similar to the above
work, but eliminating the manual factor.

• Light Absorption : Clouds are formed by
ice crystals that are transparent and can ab-
sorb and reflect light, resulting in areas that
are not in directly line-of-sight of the light.
In order to simulate this effect we introduce
a technique similar to ray-casting to com-
pute the directional light absorption inside
the cloud. We called this simple method as
CAF (Computation of Absorption Factor)
which aims to compute the light absorp-
tion into the clouds. The absorption factor
for each 3D box that compose the cloud is
computed and defined in the interval from
0 to 1, where 0 indicates that billboards in-
side such box has not been reached by the
light, while 1 denotes that the billboards
receive full directional light. The CAF is
illustrated in Figure 7, where yellow lines
represent directional light originated from
the light source and red lines represent their
intersection with 3D boxes. The sum of the
red lines gives the amount of dense area the
light has to travel to reach the billboards.

Each cloud should visually correspond to
the amount of computed absorbed light
in the entire sky. That is why the artist
can specify the maximum distance traveled
by the light until it loses the contribution
power to the scene illumination. When it
happens, the clouds are illuminated only by
the ambient light.

Figure 6: Directional light calculation as pre-
sented in [1].

Figure 7: Light Absorption.

4 The Model for Generating and
Animating the Sky

A sky is a group of clouds, which represent a cli-
matic state that can be sunshine, cloudy, storm,
etc. After creating groups of clouds, they need
to be organized in a sky in order to represent the
desired climatic condition. In our model, this is
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Figure 8: High above view of the sky.

an user-based process, and the classification of
climatic condition of the sky is represented by 0
(sunny day) and 1 (stormy day). For each type
of sky, defined seeds are used to generate cloud
diversity, as explained before.

Since there are groups of clouds representing
climatic variations, it is easy to provide a lin-
ear interpolation where different types of sky
can be generated as a function of time. The
sky is represented as a squared area (Figure 8),
where clouds that leave the simulation area are
destroyed and new clouds are originated, in the
location that the wind forces are generated.

We calledsimulation a set of skies that can be
interpolated, representing different climatic con-
ditions. In nature, the clouds are classified ac-
cording to their heights, i.e. they can be located
at low, medium or high altitudes. In our model,
eachsimulation can also have a specific height,
and as in nature, it can include several layers of
clouds in different heights being affected by dif-
ferent conditions like wind direction and speed.

To represent a climatic variation from a sunny
to a storm day, the system uses seeds from the
first sky, generating a set of the clouds which
represent the sunny day, to the sky modeled
through clouds representing storm day. As time
passes by, other models are used corresponding
to the interpolated category of sky. Indeed, the
variation is done using a linear interpolation be-
tween two skies (source and target). It defines
the amount of clouds that should be created from
each sky, generating a smooth transition from

one climatic condition to another. In Figure 8
a variation of onesky to another one can be vi-
sualized. A video showing some results is avail-
able athttp://www.inf.unisinos.br/
∼cromoslab/cgi06/clouds.htm.

RAFAEL, ESCREVER UM PARAGRAFO
SOBRE A SIMULACAO EM PLACAS
GRAFICAS!

5 Results

This section presents results obtained by per-
forming our model in a AMD AthonXP 2400+
with 512 MB and graphics card video NVIDIA
6800 256 MB. It is possible to see in Figure 9 the
process of cloud generation. The boxes which
represent the clouds (in the top-left side of the
Figure 9) billboards generated into the 3D boxes
(in top-right side), the light rays used in the illu-
mination method (down-left side) and the gen-
erated cloud (down-right side).

In Figures 10, 11 and 12 we present clouds
generated using our model and the respectives
clouds captured in real life. The goal is to pro-
vide a visual validation. In Figure 10 (a) we can
see an artificial cloud type Cirrus rendered by
our model by using 15 different seeds and 50
billboards which were automatically generated
as a function of seed parameters. The visualiza-
tion frame rate is 25 Hz. Figure 10 (b) shows a
Cirrus cloud found in nature.

Figure 11 (a) shows a cloud defined by us-
ing one only seed, from which 10 cloud models
were automatically generated and replicated 200
times. The computational time for navigating in
the sky containing 200 clouds is 20 Hz. Fig-
ure 11 (b) shows a real cloud type nimbus found
in nature.

Figure 12 show typically raining clouds. The
generation process originated 10 clouds models
which were replicated 1000 times. The frame
rate is 10 Hz.

In Figure 13 we illustrate the cloud generation
with different heights forming clouds in sepa-
rated layers. In this figure, three layers were
used in order to provide more realistic visual-
ization.

Figure 14 describes a climatic variation in the
sky simulation by using two layers of clouds.
The animation starts with a sunny day and few
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Figure 9: System interface and example of cloud generation.

(a) (b)

Figure 10: (a) Cloud type Cirrus rendered by our model. (b) Cloud type Cirrus found in nature.

(a) (b)

Figure 11: (a) Cloud type Nimbus rendered by our model. (b) Cloud type Nimbus found in nature.
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(a) (b)

Figure 12: (a) Raining clouds rendered by our model. (b) Raining cloudsfound in nature.

Figure 13: Example of cloud generation in three
layers.

clouds in the sky, which is interpolated until a
raining day with several dark clouds is obtained.
In the higher layer, there are two skies defini-
tions, while in lower layer, three skies have been
used. The average frame rate in this simulation
is 27 Hz, while 35 Hz and 20 Hz are the best and
the worst cases, respectively. Table 1 presents
the data used in this simulation mainly concern-
ing the following parameters:

• CV (climatic variation - from 0.0 to 1.0),

• NBM (number of basis-model)

• NM (number of models generated based on
each basis-model)

• NC (total number of clouds)

Sky Layers Defined skies

Higher Layer Sky 1 Sky 2

CV=0.0 CV=0.5

NBM=1 NBM=1

NM=10 NM=10

NC=50 NC=100

Lower Layer Sky 1 Sky 2 Sky 3

CV=0.0 CV=0.5 CV=1.0

NBM=3 NBM=3 NBM=3

NM=10 NM=10 NM=10

NC=100 NC=200 NC=400

Table 1: Parameters used to define climatic vari-
ation.

Figure 14 show four frames of climatic simu-
lation from the above parameters.

6 Conclusions

Clouds are elements of nature that are always
present in our day-by-day, making their pres-
ence in games and graphic simulators very im-
portant. In some cases, clouds are only back-
ground scene having little importance, but in
other applications like a flight simulator, clouds
represent an important visual aspect. In both
cases, the adopted techniques need to be fast and
visually convincing without needing significant
work from the user.

We believe that the results obtained with our
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Figure 14: Four frames of climatic variation.

model are visually coherent in comparison with
real-life clouds. Moreover, experiments show
that the generation process is easy and the time
to model clouds and skies were reduced, requir-
ing less user-interaction. For these reasons we
believe that this model present considerable con-
tributions and innovations that allow an enor-
mous variation of clouds and climatic conditions
in comparison to other works.

As future work we can mention the opened
possibilities of the upcoming Directx 10 where
vertex can be created inside of the GPU, in that
way only the seed need to be send to the GPU
and the cloud can be generated inside of the
graphic hardware.
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