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Fractal geometry provides a powerful tool to explore the world of non-integer dimensions. Very short programs, easily
comprehensible, can generate an extensive range of shapes and colors that can help us to understand the world we are
living. This shapes are specially interesting in the simulation of plants, mountains, clouds and any kind of landscape, from
deserts to rain-forests. The environment design, aleatory or conditioned, is one of the most important contributions of
fractal geometry to CAAD. On a small scale, the design of fractal textures makes possible the simulation, in a very
concise way, of wood, vegetation, water, minerals and a long list of materials very useful in photorealistic modeling.

Introduction
Fractal Geometry constitutes today one of the most fertile areas of investigation nowadays. Practically all the branches of
scientific knowledge, like biology, mathematics, geology, chemistry, engineering, medicine, etc. have applied fractals to
simulate and explain behaviors difficult to understand through traditional methods.
Also in the world of computer aided design, fractal sets have shown up with strength, with numerous software applications
using design tools based on fractal techniques. These techniques basically allow the effective and realistic reproduction of
any kind of forms and textures that appear in nature: trees and plants, rocks and minerals, clouds, water, etc. For modern
computer graphics, the access to these techniques, combined with ray tracing allow to create incredible landscapes and
effects.
In the computer aided architectural design, these utilities allow to improve the representation of gardens, fountains, skies,
mountains, as well as the vegetable, stony and metallic textures of a lot of constructive elements. This contribution is
precisely produced in a series of elements whose use in design was really restricted, due to the limitations of its
representation. However, there is no doubt that in a short period of time it will be usual to find this kind of tools in
standard CAD programs.

The Fractal Objects
The term fractal comes from the latin word fractus, which means broken, irregular and it was coined 20 years ago by the
mathematician Benoit B. Mandelbrot. Its own name indicates us that we are before a geometry that is specially thought for
irregular objects -the geometry of nature- in contrast with the regular geometry created by men.
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What is a fractal object?. We can basically define it as an object
whose dimension is not an integer, in contrast with the elements of the classic geometry whose dimension are always
integers (1 for lines, 2 for the areas, and 3 for the volumes). We can understand this concept better if we observe the figures
1 of the Cantor set and the Koch curve. In both sets there is a series of paradoxes that can not be solved by using classic
geometry.

Figure 1. Cantor set (left) and Koch curve (right).
For example, in the Cantor set, each line is substituted for two others, each one of them is 1/3 of the preceding.
If the substitution continues indefinitely, what kind of structure will remain: segments or points? The answer is not
obvious for the classic geometry, now that it has a non entire dimension equal to 0.6309.... that is, a hybrid between a
point and a line.
Koch curve presents us another paradox on its genesis: each time that a segment line is substituted by another 4,
its length grows up 1/3, so, given that this object is created after infinite substitution, its length is infinite. But if it is
found in a limited area, would not it have to occupy part of the plain? The answer is yes, it occupies a small part of the
plain and its dimension is 1.2618...
These and other autosimilar sets (which present the same aspect when being observed at any scale), were
conceived by Cesaro, Peano, Julia, Hilbert, Hausdorff, Sierpinski, and other mathematicians of the beginning of the
century, but they were taken as simple mathematical amusements until Mandelbrot popularized them and obtained
unknown aesthetic results until then in the representation of mathematical functions.
The figures 2 and 3 show the great variety of shapes and colors that can be presented by these groups when they
are represented by a computer.
Fractal Textures
During the 80's, many fractal sets were developed, but only the most aesthetic ones survived to this period in which it was
only pretended to surprise the spectator with the incredible shapes and colors of these figures of the non-entire geometry.
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Figure 2. Julia set.

Figure 3. Mandelbrot set.

However, many researchers had noticed the tendency of fractal sets to adopt similar forms to the objects that are
present in nature. With the adequate parameters applied to these sets, the 90's decade has known a series of groups that
adopted forms incredibly similar to vegetable, mineral and animal textures, apart from other kind of gases and fluids.
Together with the already mature ray tracing and radiosity, fractal textures, constituted the ideal complement for
the new born computer graphics, and it allowed for the first time what seemed to be an unreachable dream: the
photorealism. Figure 4 show examples of 6 different textures created by fractals that can be easily projected over any CAD
surface.
The simplicity of the processes needed for its generation must be emphasized: it can be represented in about 100
lines of programming code. What is also noteworthy is the chance to be able to create, in a record time, unlimited textures
without having any repetitions on them.
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Figure 4. Cloud texture, stucco texture, microscopic texture, granite texture, vegetation texture and water texture.
Fractal Growth
Some biologists, botanists and geologists had noticed that most of the growing processes that are present in nature
followed fractal models. They soon learned to simulate complex processes on their computers that, surprisingly, could be
explained through the interaction of very simple fractal transformations.
For computer graphics and computer aided architectural design, their last limitations disappeared: valleys,
mountains, trees and flowers can now be represented with such amazing realism and can hardly be distinguished from a
photograph. Figure 5 shows two examples of a fractal tree and a fractal plant that can be created by a low cost personal
computer with software packages such as Silicon Garden, Viridis or Gardener's world.
The same fractal procedures can also be used to represent graphically the growth of trees and plants. This tool can
help us, for example, in the design of a garden many years before the plants reach their adult size or to verify how the
seasonal variations will affect the vegetation of the garden.

Figure 5. Fractal tree (left) and fractal plant (right)
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Fractal Landscapes
The generation of landscapes is an ideal complement for CAAD. The ability to reproduce landscapes setting outline
conditions (for example, basic points of the mountains, a river path, type and percentage of vegetation) or to create
landscapes in a completely random way, can be used in education as a basis on which further development can be
accomplished. An example of this type of software is Vista Pro, which is able not only to create landscapes but to fly
around them and to produce animation using a personal computer.
The generation of landscapes can also be accomplished with complex algorithms that allow to simulate the
evolution of a terrain over time, both seasonally (for example, in winter there is snow over the mountains) and for longer
periods of time (for example the turning into a desert of a territory or the erosion of a mountain.
Figure 6 shows a fantastic imaginary landscape by K. Musgrave, while figure 7 shows a valley between
mountains generated with Vista Pro software.

Figure 6. Fractal
landscape

Conclusions
Fractal geometry is
nowadays used by
many scientific
subjects. Very
complex process like
thunder, the growth of
a plant or cellular
division, can be
explained through
fractals. Although the
learning of fractal
geometry is now
limited to a branch of mathematics called dynamics systems, its knowledge and the knowledge of its related topics, like the
chaos theory, can help us to understand the relation of mathematics with natural phenomena through computer graphics.

eCAADe 1994 - PDF-Proceedings (conversion 2000)

73

Figure 7. Fractal landscape
So, in addition to be a good method to contact the computer graphics programming, it is also a way to understand
the word we are living and the things that surround us. A third motif for fractal geometry research, is the inherent visual
and imaginative beauty of the structures and shapes of fractals and chaos.
In the field of CAAD, fractal geometry allows the creation of textures that can be applied to any three dimensional
object in such a simple way that can be programmed by the students themselves without application packages. Likewise,
the creation of clouds, mountains and plants is conceptually easy, and every time there is more professional software that
provide this kind of tools. The union of this techniques can generate landscapes of great realism, indispensable to work
together with architecture and its environment.
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