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Introduction
The purpose of this study is to describe and provide a critical analysis of a creative process, which
led to the creation of a cycle of digital prints, animations and interactive installations named
“Virtual Immigrants.” The objects discussed represent hybrid fractals generated by the author of
this dissertation. The creative process involves an individual method developed on the basis of
my experience, taking into account the specific features of this type of objects. Following the two
defined assumptions of this study, the process was based on two essential claims:
–– All the discussed objects are the outcome of an individual creative process, integrating
stochastic action inspired by the art of Jackson Pollock with conscious creative choices
influenced by the results. What needs to be added is that the process was wide-ranging
in scope, from generation parameters and fractal combining to the choice of colors for
the art pieces.
–– A conscious, experiment-like attempt was made to play with tawdriness through borrowing colors from popular representations of sand beaches and palms views, sometimes
referred to as ‚Hawaiian landscapes.’
In order to analyze the results, I intend to rely on the following premises:
–– A representation of parametric objects described with a series of digits can be visualized
in the form of a work of art.
–– The border between a mathematic calculation and a work of art can be obliterated or
even pushed, depending on interpretation.
–– I believe it is possible to handle the problem of developing a semantic description of the
fractal as an art object. The language of science, which usually is part of its description,
requires precision – in contraposition to the language of art that I intend to use, which
allows for much more freedom, or even poeticalness.
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Fractals – Basic information
Purpose: The main purpose of this chapter is to create a foundation for further consideration. I intend to achieve this by providing information that is key for the creation process and for this study.
One of the fundamental steps one needs to take when analyzing an artistic process based on
science, such as information technology or mathematics, is to clearly define the basic concepts.
It is therefore necessary for the purpose of this study to refer to the notion of Fractal, Threedimentional Hybrid Fractal and Virtual Immigrant. Let me start by quoting a fractal definition1:

Fractal (Latin fractus – broken, partial, fractional) popularly refers to a self-similar object
(whose every part is the same as the entire object) or one that is ‘infinitely subtle’ (displaying subtle details even in numerous magnifications). Due to the huge variety of examples,
mathematicians currently avoid providing a strict definition, and propose to define a fractal
as a set which should be characterized by all or at least most of the following features:
–– non-trivial structure at every scale,
–– the structure can not be easily described in the language of traditional Euclidean
geometry,
–– self-similarity, if not exact then quasi self-similarity or stochastic self-similarity,
–– Hausdorff dimension larger than the topological dimension,
–– has a fairly simple recursive definition,
–– has a natural (‚jagged’ or ‚billowy’) look.

There are naturally many definitions of a fractal. The one quoted above is, in my opinion, one
that best defines the kind of the object we are dealing with. First, it has many features that can
only be described in the precise language of mathematics. On the other hand, however, in the past
decades that the fractal has been known, there appeared many different interpretations of this
phenomenon. Not all of them – and those from the domain of art in particular – seem to meet the
original, canonical characteristics defining such objects. Therefore, I believe this very important to
introduce some kind of dualism, as in the definition quoted above. On the one hand, it provides
precise mathematical features, and on the other, it states that an object of this kind may display
only some of the features in order to be categorized as a fractal. I find this particularly important
and valuable from the point of view of my attempt to combine the semantic mathematical and
artistic description. The reader who would like to find out more about the Hausdorff dimension
or the topological dimension will find the details on the website provided in the footnote, as it
was important to me not to make this study purely mathematic. Here I would like to refer to the
moment when fractals appeared in a wider social awareness, and to the person related to this
fact. I mean here the man believed to be the father of fractals, brilliant mathematician Benoit
Mandelbrot2. It is crucial to crystalize how exactly fractals were ‘extracted’ for the world. Contrary
to popular belief, Mandelbrot is not the discoverer of the first object of this type. Such formations
1

http://pl.wikipedia.org/wiki/Fraktal, as at 12.11.2014

2

http://pl.wikipedia.org/wiki/Benoit_Mandelbrot, as at 12.08.2014
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had been know in mathematics. It is enough to mention the Cantor set, the Koch snowflake, or
our Polish contribution – the objects created by Wacław Sierpiński: The Pyramid and The Carpet,
both named after Sierpiński to honor his discovery3.

Image 1: Several examples of fractals revealing the history of this branch of mathematics: (a) Cantor set, (b) Koch snowflake, (c) Julia set, (d) Mandelbrot
set, (e) Sierpiński carpet, (f ) Sierpiński pyramid.

Objects of this type were not treated with due attention by mathematicians; they were just
tidbits with intriguing features. I would risk to say they were remaining outside of mainstream
mathematics. The real revolution in this area was the work of Benoit Mandelbrot. As part of his
3

Source images and information about authors available on: a) http://pl.wikipedia.org/wiki/Zbi%C3%B3r_Cantora, b)http://pl.wikipedia.org/wiki/Krzywa_Kocha, c) http://pl.wikipedia.org/wiki/Zbi%C3%B3r_Julii, d) http://pl.wikipedia.org/wiki/Benoit_Mandelbrot,
e)/f) http://pl.wikipedia.org/wiki/Wac%C5%82aw_Sierpi%C5%84ski

5

work, at the turn of 1970s and 1980s he decided to reach the previously unknown results with the
use of IBM computers, a company he was in cooperation with. He wanted to visualize the results
of a mathematical problem – until then unavailable due to the high level of computational complexity – that he was presented with back at university in France by his instructor Gaston Julia4.
Something that was beyond the reach of his mentor became attainable thanks to technological
progress. It quickly turned out the object generated by Mandelbrot displays many astonishing
features, such as, for instance, the ability to generate an infinite number of details. These features
have been described by the discoverer in numerous publications. Relying on these features, he
used the term ‘fractal’ for the first time to categorize and to name this kind of object. The discovery
was honored by mathematicians, who named the object after his discoverer, at first calling it the
M set, and now the Mandelbrot fractal or the Mandelbrot set.
When talking about fractals, it is worth describing their unusual nature. What particularly
attracts the viewer’s attention is their fascinating ability to form an unlimited number of fully detailed images. I found this fact rather difficult to understand at first. It was especially problematic
to imagine that those details can be formed in an unlimited number. Despite the knowledge I had,
my mind kept telling me there is no such thing as ‘infinity’. Naturally, the combination of knowledge and logic was able to prove such a state is possible. However, before I was able to understand
this fact, some time had to pass. The notion of infinite number is key here. According to mathematics, such a state is possible. According to the examples offered by the real world, it is easier to
believe that infinity is a state when there is a very large amount of something. Unfortunately, this
does not stand for ‘an infinite number’. A good example is the number of grains of sand in the
desert. There are, in fact, plenty of them. One might say there are infinitely many grains of sand.
But we do know that there is a certain number of those grains, and there is always one that we
can call ‘the last one’. And here lies the source of my primary problem. Fractals have showed me
this type of reasoning to be fundamentally wrong. As soon as I realized that, they became even
more fascinating. Let me describe the stream of thought that brought me to understanding this
phenomenon, which appeared as I was reading a publication on fractals. The author5, explaining
the notion of a fractal, compared it to digits in the decimal numeral system. We are well acquainted
with values such as 1/3. In the decimal system, it would be 0.3333333333333... We are naturally
aware that the number given here is not exact. The number of threes after the period should be
infinite. So there are numbers – which is not a revolutionary discovery in itself – that cannot be
described in the decimal system. Their amplification will be infinitely long. Let us take a more
colorful example: the number Pi6. Its decimal notation includes many different digits. If we decide
each of those digits will generate a structure of details with every consecutive magnification, what
we receive is a FRACTAL. With each step, and as we already know the number of steps can be
infinite, we will see an image that is new and richer in details. The example is trivial, but it allowed
me to understand the infinite potential of revealing new things presented by a fractal. This is the
infinity of fractals so crucial to me, which I am going to describe later in the study. If we start to
mix fractals generated in this way by influencing the structure of their formation, we can receive
an even greater diversity. ‘Mathematically mixed’ objects seem to solve the bothering problem of
securing a unique form for the created piece of art. I therefore designedly limited my project to
Hybrid Fractals, which I believe guarantee uniqueness to the created work.
Another aspect important to me is positioning fractals in the real world. In my opinion, they
are placed somewhere between the space where everything is in perfect order on the one hand,
4

http://pl.wikipedia.org/wiki/Gaston_Julia, as at 12.08.2014
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Despite my best efforts I am not able to name the article.
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http://www.exploratorium.edu/pi/pi_archive/Pi10-6.html – mathematical constant Pi approximated to a million digits, and we know
this is not the end.
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and complete chaos on the other. When delving into the space of a fractal, we come upon certain
order, but it is rather strange and does not agree with our perception of the term. In my opinion,
this order is far more random, and hence unpredictable. In mathematics, fractals and chaos belong
to the same domain7. To me as an author of created images, the possibility to face these objects as
a borderline case is in fact crucial. They have the features of well-known arrangement, but they
are also – often visibly – rooted in complete chaos. This is the fact that lies at the foundation of
coining the notion of a Virtual Immigrant.
It is an object originating from a slightly different domain than the one seen every day, which
in the course of artistic undertakings, can diffuse into a domain seemingly foreign to it – Art. The
observation of the way a fractal is perceived as an art object may evoke certain analogy to the fate
of an immigrant in a foreign country with a different culture. The immigrant is no doubt different,
able to introduce either new values or a threat to the environment. It is difficult to prefigure. In
my opinion it is the experiment that delivers this information through observation.
Three-dimensional Fractals – New Opening

Image 2: Examples of 3D fractals available in the Mandelbulber program used for generating this work: a) Menger sponge, b) Kaleidoscopic IFS Icosahedron, c) Mandelbox (Tglad formula), d) Mandelbulb, e) Mandelbulb modification 1, f ) Hypercomplex.

If fractals in their classic, two-dimensional form were very often presented and researched in the
last two decades of the 20th century, one could easily say the beginning of the 21st century belongs
to their 3D cousins. Fractals, promulgated by the discovery of Benoit Mandelbrot, became very
popular objects, particularly among academic students. Unfortunately, it was a trend that has passed.
This is proved by the fact there have been no serious innovations in the field since then. After their
revolutionary emergence, fractals simply “palled”. The perspective for fractals in the 21st century
is interesting. Luckily, these are objects with a slightly different potential than the primary ones.
Their main advantage is that they are rooted in the well-developed world of 3D graphic designing.
7

http://oen.dydaktyka.agh.edu.pl/dydaktyka/matematyka/c_fraktale_i_chaos/index.php?id=2

7

The result is, such fractals can be generated in a much more advanced way, making them similar to
objects from our environment. One might say, the use of algorithms for generating synthetic 3D
space for visualizing these objects has given fractals new, more familiar means of expression. As
examples of such new features, I would like to mention the mist effects, including air perspective,
glowing of objects, depth of field known from photography, or the ability to “travel” inside the objects thanks to their three-dimensionality. The history of the comeback of fractals in a new 3D form
is also interesting. As in the case of two-dimensional fractals, some examples of 3D fractal objects
have been known for long, such as the Menger sponge, which is in fact a 3D version of the Sierpiński
carpet8. A group of people passionate about both 3D graphic designing and fractals wanted to create
a three-dimensional version of the fractal most famous of all, the Mandelbrot set. Unfortunately, the
object can not be easily transferred to a 3D space. The formula relates to a two-dimensional space.
There have been many experiments, bringing interesting effects, but these objects lacked the basic
feature of a fractal: they were not displaying more details in consecutive magnifications. The solution
came as late as 2007 through Daniel White and Paul Nylander. The reader interested in this story
will find more on the page of one of the scientists describing the process9.
Fractal visualization process – interesting properties
When describing fractals in their three-dimensional version, it is impossible to omit certain
crucial characteristics differing them from classic, two-dimensional objects. These are features
resulting directly from the properties of such objects, changing (unfortunately) the well-known
model of working with 3D graphics. The differences are so big that classic 3D applications are
usually worthless with this type of objects. The solution comes from dedicated applications, which
unfortunately are much different from the traditional, well-known and well developed solutions.
I will try to describe some of these features, presenting the unusual nature of working in a 3D
fractal environment. The first thing I would like to present is a fact relating to the image of fractal.
As I had mentioneds, the objects have an infinite number of details. A computer will not be
able to calculate all these details, as this would take infinite amount of time and would make
little sense. Luckily, the currently most popular way of visualizing computer images is based on
a pixel notation10. The nature of this solution is discrete. It seems there is no point calculating
details smaller than one pixel, as they will not be visible. This is the main reason the visualization
of a fractal is based on a certain simplification. The image we see is always the result of stopping
the process of calculating the fractal shape at some point. It is hence worth realizing that the
image is largely simplified, not containing the infinite number of tiny details. It is also dynamic,
just as a video frame, a fraction of time or a moment stopped, which looks completely different
the next moment. The surface that we see is usually not what we see – we only see it because it is
a magnification. At first glance, this fact seems to have no consequences. However, in the course
of my work I often came upon problems resulting from this fact. To draw their nature nearer,
I will use the following example, which I am well familiar with. In the process of designing an
object, a large number of test images is made. The process is very time-consuming in classical
three-dimensional graphics, which is why we work on images of very low rendering parameters,
mainly connected with resolution and calculating precision. Unfortunately, in the case of fractals,
this method effectively changes the look of the generated image. The difference is particularly
visible when we generate the final image for print. In my case the resolution of such images is
usually 8192x8192 pixels, or 8k resolution. The time needed to generate one such image is often
8

A cube is used instead of a square. The fractal is presented in the current chapter.
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http://www.skytopia.com/project/fractal/mandelbulb.html, as at 12.11.2014

10 We also know other displaying forms, e.g. vector graphics, which has long been dominated by halftone image.

8

around one week. When designing an object, it is often necessary to intuitively imagine the final
result. In theory, the application used offers a solution to this problem. Unfortunately, in the case
of hybrids I did not manage to receive the same effect in different resolutions.

Image 3: Illustration of the problem resulting from the rendering resolution. Both images represent exactly the same fractal. The image on the left was
rendered in the 1024x1024 pixels resolution (1k square) in 11 minutes, the one on the right in the 6144x6144 pixels resolution (6k square) in about
12 hours. The image on the right was re-scaled in the later postproduction process in order to match the size of the left image.

Another question that becomes problematic when working with fractals is the matter of distance. In the case of 3D objects, we usually talk about relatively the same values. When we deal
with animating an object moving above a given landscape, its speed can be easily defined. We can
say that it travels a defined distance in a defined unit of time11. But in the case of fractal images,
the notion of distance does not function the way we are used to. This is due to the fact that when
we go ‘inside’ a fractal, we simultaneously change the scale of perception. This means something
as small as a two pixel detail can become a huge space covering the entire screen a moment later. It
is obvious there exist many parameters of generating images that depend on the distance in some
way. One perfect example is the already mentioned animation or even the size of the glow around
the object12. The problem described here required a solution. Applications that I was able to work
with use a so called DE technique13. It consists of assigning a distance as a percentage value of
mathematically averaged surface of the fractal14. For instance, when we travel ‘inside’ the fractal
space, we are not traveling at a speed under a measure that we know15, but we move by a fraction
of distance, e.g. by 1/5 of the distance from the surface. We move slower with each step, because
the distance covered is only 1/5 of what remained after the previous step. This solution seems
elegant, but in practice it not always is. Quite often, when I was animating ‘a passage’ through
a fractal using the above described technique, I experienced a sudden slowdown – the movement
practically stopped16. It turned out the camera was close to the mathematically estimated point
where the surface should be. And since there was nothing there, well, these are approximate
calculations. Similar situations occur in the case of different elements of rendering, such as glow.
11 If it moves at steady speed.
12 One of the typical ways of adding attractiveness to 3D rendering.
13 Distance Estimation.
14 As I had mentioned, determining exactly the surface of a fractal is at least problematic.
15 For instance, 5 cm per second.
16 This may constitute an interesting trigger and a comment to the interpretation of Zeno’s paradoxes.
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In a low resolution test image the size of the effect is satisfactory. In a large resolution image it is
essentially larger, significantly impairs the perception of the generated image.

Image 4: A simplified representation of one of the problems with generating fractal images. The geometrically denoted center of the object does not
always have to be part of its surface.

The problems described here are not the only ones. To tell the truth, a program used for generating fractals – especially in the case of hybrid objects, which are far more complex – has so many
parameters that even a seemingly small change of values may bring a completely different effect.
As an illustration and a closing of this part of the study, I propose to take a look at the images below,
where only a single parameter was changed, responsible for the surface approximation precision17.

IImage 5: A case described by the author of the study in one of his earlier publications (Wizerunki Nieskończoności; [Image of Infinity]), when only a single parameter responsible for rendering precision is changed.
17 In this case the rendering resolution, as well as all the remaining parameters remained exactly the same.
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Fractals in Art
Purpose: The purpose of this chapter is to closely examine chosen examples of the use of fractals
in various branches of art. I intend to prove that fractal objects, despite their exotic character, have
found their place in some forms of artistic creation.
I will use two elements in order to approximate the current place of fractals in art. First, I will
provide crucial information specifying contemporary fractal art. Second, I will describe several
chosen artists representing this branch of art.
I would like to point to the fact that the notion of a fractal as an art object is relatively new. This
is due to the fact we have had contact with this kind of structure for a relatively short period of
time. As I have mentioned, fractals have been known since late 1970s. They have been perceived
as art objects since mid 1980s. It is assumed the fact initiating that change was the publication
describing the Mandelbrot fractal in “Scientific American”. To me, the fundamental event of that
time is the first exhibition “Frontiers of Chaos” from 1985. Among the contributors were scientists working on fractals, among others Heinz Otto Peitgen and Hartmut Jurgens. Together with
their colleague Michael M. Richter they also took part in a series of first exhibitions promoting
fractals also as an element of art18. The scientists did not treat fractals as an artistic tool, however,
they decided to popularize them, revealing their remarkable features and presenting the possibilities of this type of activity. For this very reason I consider those gentlemen the forerunners of the
use of fractals for artistic expression. I hence agree to call mid 1980s the date since when fractals
have been treated as an element of art. Another key figure I would like to mention in this chapter
is Kerry Mitchell. This aeronautics engineer has been working for NASA since mid 1980s. One
of his passions includes using his impressive calculating skills for fractal graphic creation. But
the main reason I am mentioning his name in this study is The Fractal Art Manifesto19 which
he wrote at the end of the previous century. Taking into account the quite dynamic expansion
of fractal forms of expression in the recent years20, I must admit the definition needs some refreshing, but I still consider it valid. The two most important changes that should be found in the
quoted text should touch upon the emergence of 3D fractals and the fact that fractals have been
present in art not for the last 15–20 years, but for over three decades. Since it is not my intention
to artificially expand the volume of this study, I am adding the article in one of the appendices21.
Before I present the above mentioned artists and their artwork, I would like to mark the existence of a division that I have noticed while creating fractal art. As I mentioned in the previous
chapter, the development of fractals was very dynamic in several years following their discovery.
At the turn of the centuries that fascination clearly faded away, and as a result, the number of art
pieces created also diminished. I combine this fact with the lack of visible progress in the fractal
generating technology. The possibility to generate three-dimensional fractals several years ago
seems to be the longed-for impulse in this area. Most importantly, three-dimensional fractals are
different to their older two-dimensional counterparts. In my opinion we can even talk about the
associated generation shift among the artists. To simplify things, I will use the division between
the first and the second generation. I will also try to show that fractals have found their place not
only in computer graphics, but also in other forms, such as sculpture. I will now proceed with
18 http://en.wikipedia.org/wiki/Fractal_art#cite_note-aue-14 – as at December 2014.
19 https://www.fractalus.com/info/manifesto.htm – as at December 2014.
20 e.g. the emergence of 3D fractals mentioned in the previous chapter.
21 Appendix C.
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the presentation of chosen artists involved in fractal art, whom I simultaneously consider crucial
for my own work:
Kerry Mitchell. I would like to present this artist not only due to his already mentioned manifesto, but also because he is a very typical example of the first generation fractal artist. The great
majority, if not all pieces of art by this author are two-dimensional fractals. His artwork is very
diverse. This results from the path taken by the author. His goal, as we can learn22, is to present
“the diversity and beauty emerging from the use of simple mathematical rules”. I see this author
as an experimenter, exploring many paths and not trying to follow one single direction.

Image 6: Chosen pieces by Kerry Mitchell from the recent years (from left to right): “Once around in the park”, “Ampersand”, “Warm glow”, “Almost”,
“Inside out” , “Type A6”.

The pieces, available on the author’s website23, are in my opinion typical examples of fractal
images created by the above mentioned first generation of artists. I find them unusually interesting,
but I think they are characterized by a high level of similarity, which I believe is the imperfection
that led to the ‘twilights’ of the first generation. Many people generated this kind of fractal images,
but unfortunately they are all very similar in a way.
Assessing this artist from my own perspective, I consider him a person who released fractal
art from the domain of information technology. By publishing his manifesto he formed a stable
foundation for this branch of art.
Krzysztof Marczak: According to his own words, he has been interested in fractals for around
20 years. The trigger to this fascination was an article in “Wiedza i Życie” magazine, setting the
direction for further exploration and development. He is particularly attracted by the fact that
fractals allow to discover an infinite richness of details, at the same time being a fairly simple
construction, often described with a simple formula. Since the beginning, the main medium in
that area was writing programs, often in many programming languages, allowing to create more
and more effective images.
22 http://www.ams.org/mathimagery/displayimage.php?pid=105 as at December 2014.
23 http://www.kerrymitchellart.com/ oraz https://www.fractalus.com/kerry/ as at December 2014
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Image 7: A collection of pieces by Krzysztof Marczak from different periods of his artistic activity. Top: images being the effect of his interest in fractals
from the purely mathematical and programmer point of view. Bottom: one of his recent pieces “Aexion 003” created as a piece of art.

In 2009 the artist came upon the information about the possibility to create three-dimensional
fractals and, as he himself put it, this was a breakthrough. After the initial wrestle with the IT
nature of this activity, he decided it was necessary to introduce elements enriching the artistic
message to the pieces generated by his application. He soon realized such an attitude brings
the creative process closer to working with digital photography that he was well familiar with.
It seems only natural he reached for solutions such as implementing the depth of field, virtual
lighting or atmosphere effects (glow, mist, visible sun rays, etc). Discovering this fact has brought
him to another key statement, which now can be called his motto: “Fractals generated with this
method are a perfect way to turn dull, abstract mathematics into stunning images, simultaneously
leaving much space for interpretation”. He also compares fractal creation with traveling into the
unknown, such as exploring the vastness of outer space. Answering a question about presenting
his work, the author states that he avoids exhibitions. He prefers to use the Internet, as one can
see on his websites, offering an impressive gallery of work24. Despite his declared dislike to other forms of presentation, his work has been presented at exhibitions, shows or on the covers of
science magazines25.
24 (http://krzysztofmarczak.deviantart.com/gallery/ and http://www.mandelbulber.com/)
25 The part of the study concerning Krzysztof Marczak was largely based on e-mails on this subject that I exchanged with the artist.
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In my attempt to assess the work of Krzysztof Marczak in the domain of fractal graphics, I decided to call him the key example of the new, second generation of fractal artists. The event that
was crucial here was the beginning of 3D fractals generation. The artist himself admits this was the
moment when he stopped perceiving his images and animations as the result of a programming
experiment, and started to see them as objects possessing artistic features. Following this change,
he introduced new quality to his programs and, consequently, to his art.
Looking at this artist from my personal perspective, I must recognize him as exceptionally
important to my road towards fractals. For a long time, fractals were beyond my interest. Just like
Marczak, I used to devote much attention to technology of creation. I was, however, more interested
in three-dimensional graphics. My first contact with an animation representing a three-dimensional
fractal, “The Mandelbox Trip”, was an impulse that directed me towards this form of expression.
Yoichiro Kawaguchi: Born in 1952, Professor at the Tokyo University, he is one of the pioneers of
computer graphics. He has been dealing with this domain for over 40 years. His first pieces of art
date back to mid 1970s26. He came to prominence in mid 1980s, when at one of the most important
computer graphics conferences – SIGGRAPH – he presented a unique method of object creation,
which he named “GROWTH”. He based his idea on the observation of nature and the resulting
statement that it is possible to build very complex objects based on much simpler forms that can
be multiplied and combined. He also noticed that similar rules govern the color of many organic
objects that he tried to copy. Talking about Professor Kawaguchi’s more important achievements,
it would be difficult not to mention that at least once27, in 1986, he was chosen to represent Japan at
the biennale in Venice. He received numerous awards, including the “Distinguished Artist Award
for Lifetime Achievement” ACM SIGGRAPH in 2010 and in 2013 an important award by the
Japanese Ministry of Education, the “Art Encouragement Prize and Medal with Purple Ribbon”.

Image 8: Chosen pieces of art by Yoichiro Kawaguchi, with particular emphasis on sculpture (from left to right): “Shell”, “Flora”, “Z-Band”, “Paradise”,
“Bishamonten Ficco” 1, “Bishamonten Ficco” 2, “Gross Tendrill”, “Scissors Ficco”, “Biomeccanica - Robot”, “Fish”.
26 Animation „POLLEN” 1975, and image „SHELL” 1976
27 Some sources provide the date 1995.
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It would be difficult to describe the entire oeuvre of this artist, even in great summary, so I will
focus only on the part related with the subject of this study – the fractals. This is the area which
brought him much popularity in his native country. Kawaguchi has been known for creating
objects of this type in a virtual form, often giving them the form of sculptures. His ability to
transfer virtual objects to a real form – and one that is far from typical – is what commands my
respect and arouses my interest. I do not necessarily find the sculptures by this artist esthetically
mesmerizing, but I understand this is due to a different culture and the fact they are an attempt to
find a new form, an experiment, which is of great importance to me. Another aspect that draws
my attention is a departure from the formal attitude to fractals. The sculptures are built on the
fundament of fractal art principles, however, I have the impression that, once in a while at least,
Kawaguchi is able to abandon strict rules to make the effect closer to expectations. In the case of
a computer artist, where precision is in a way imposed, I perceive this as an expression of great
maturity, experience, and finesse.
Mary Wahr: As the artist wrote herself, she is a teacher and experimental artist from north
Michigan. In 2007 she went back to college to complete her education. She received a master
of arts degree from Kendall College of Art in Design in 2010. I find it important that she wrote
her thesis on fractals, showing an unorthodox attitude to the subject and entitling it: “The Art of
Fractals for the Mathematically Challenged”.

Image 9: Chosen pieces by Mary Wahr (from left to right): „Warm Colors”, „Bombateka Bay”, „Alluvial Fan”, „Layered Blues”, „Owl Moon”, „Ocean Depths”,
„Isthmas”, „Blue Nautilius”, „Angel Fish”, „Pick Up Sticks”.

In her work Wahr uses a printmaking technique, Decalcomania. She proceeds with thus
produced images using, as she claims, the techniques she developed through experimenting and
experience. One could say, even though it seems to contradict our knowledge on the subject, that
this artist creates fractals without the use of a computer. The artist herself faces this charge for
instance on her website28, copiously describing the fundamentals of her art. I find particularly
interesting the fact that the artist has defined five features which allow for calling her artwork
‘fractal.’ These include: infinity, iteration, scaling, fractal dimension and self-similarity. Each of
these elements is presented as particular features of exemplary images. I see my choice of this
particular artist for the purpose of this study as very important. One of the basic problems that
28 http://www.dezeen.com/2008/06/13/fractal-table-by-platform-wertel-oberfell/

15

I see among many creators of fractals is that they do not create a work of art. The way they act is
far from what I would relate to the creation of artistic objects. What they produce are often the
effects of a sort of a game, an entertaining way to develop one’s skills, and not the outcome of
a need to communicate something with a piece of art. The effect such objects have upon the viewer
is usually a matter of coincidence, in the full sense of the word. Mary Wahr is to me a complete
negation of this type of functioning. I find the fact that she practically managed to get rid of the IT
interface a success. Naturally, this is something that gives rise to objections regarding “the purity
and consistency” of her images with the definition of fractals, but at the same time, it brings to
the foreground the element that I find most important – artistic message and creativity. I would
like to point to the fact that the definition of fractal has been weakened to a large extent in the
past years. As I mentioned in the first chapter, the definition states that a fractal should posses at
least some of the characteristic features. Obviously, this is not a definite statement.
A separate category of fractal objects are those that emerged as elements of creation, usually not
related with their subject. They are a perfect example proving that a fractal can in itself become an
element enriching art, sometimes being only an inspiration or an interesting creative experience.
The first piece I would like to present is exceptional to me, because it combines the latest fractal
generation technologies and was executed with the use of another state-of-the-art medium – the
3D printing. It is an applied art object design – the Fractal Table29.

Image 10: Fractal Table, designed by Platform Oberfell and Matthias Bär.

The object is the outcome of collaboration between a group of designers working together
as Platform Oberfell, who established cooperation with designer Matthias Bär30. I decided to
present this piece because I wanted to show that fractals have found their place as art elements
in many acclaimed institutions, and – what is important – not necessarily in the traditional form
of images or animation. One piece of the above object is exhibited in the Victoria and Albert
Museum in London as part of the museum’s permanent collection.
29 http://www.dezeen.com/2008/06/13/fractal-table-by-platform-wertel-oberfell/
30 http://www.mgxbymaterialise.com/designers/designer/detail/detail/15
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Last but not least, I would like to present a piece by Polish artist Szymon Kobylarz, entitled
“Fractal (tree) – wooden sculpture”31. The artist presents the idea of a simple fractal in an interesting form – as a sculpture. I am placing it here to denote the existence of fractal art in Poland,
but also because it is, again, an unusual way of presenting fractals, and was exhibited in Nowy
Sącz, a city close to my heart32.

Image 11: Sculpture by Szymon Kobylarz, “Fractal (tree)”.

31 http://news.o.pl/2014/03/31/szymon-kobylarz-diamat-bwa-sokol-nowy- sacz/olympus-digital-camera-301/ as at December 2014
32 http://news.o.pl/2014/03/31/szymon-kobylarz-diamat-bwa-sokol-nowy-sacz/ as at December 2015.
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Individual Creative Process
Purpose: In this chapter the Reader will learn about the specific creative process that I use to develop
fractal objects and integrate them with the domain of art.
Another step that seems logical after the presentation of the basic fractal definitions and relating
them to the domain of art, is to define and analyze my attitude to the subject of creating fractal
objects. I intend to build this part of the study around an attempt to answer two basic questions:
What was so interesting in fractal objects that they have become an inspiring material for artistic
creation, and how did the creative process that I use develop and what does it look like today?

Image 12: 1997 3D graphic, generated in real time (VRML97) by a student team I was part of. We can see the technological sterility, and the emptiness of
the image at the same time, which has nothing to do with an art message.

In order to answer the first question, I need to analyze my existing work in graphics and multimedia. Let me start by saying that my progress in this area is not entirely typical. My education
was largely based on science, namely informatics. For a long time I have also been dealing with
computer graphics, particularly in its 3D form. While in college, I managed to combine the two
and to reach a relatively high level of technical skills33. But from the beginning I was rankled by
the fact that a purely technical approach to the subject does not bring satisfying results. Pieces
produced this way are usually simply boring. They don’t evoke emotions and are not memorable. Naturally, they can impress with the technology used, however, they do not stand the test of
time when compared with pieces created by artists. One could say, time mercilessly unclothes
their worthlessness. The contrast becomes strong between the products of advanced technology
33 The fact can be proven by numerous exhibitions of the projects I did with my colleagues, e.g. at the Komputer Expo fair and during
the visits of VIP guests at the academy.
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and images created by artists, often far from computer sophistication. The problem that I was
able to see could be simply defined with the following question: How come someone not using
this fantastic technology is able to create, with only a few hand strokes, something striking and
memorable, which you want to go back to? The question might seem unusual when asked by
a person of the educational background like mine. Unfortunately, that question did not allow
me to gloss over the problem of image creation in the form practiced at that time. Moreover, my
further development was not making it easier. As I was making progress with my beloved 3D
graphics, it was becoming obvious that three-dimensional imaging must have some innate defect.
There is something that does not allow the created images to meet my expectations, regardless of
the effort or technology that I used. All the images were too “sterile.” They lacked some kind of
understatement, a mystery for the mind, forcing the viewer to spend some time with the image
and delve in the depths of feelings. Some hints, followed by the answer, came to me a few years
later, when I was engaged – in collaboration with my Academy of Fine Arts in Warsaw colleagues
– in a project which developed into the New Media department of the Polish-Japanese Academy
of Information Technology (formerly Polish-Japanese School of Information Technology). In
order to carry out that project, I had to reject to a large extent the cut-and-dried “computer” way
of thinking, and look closely at the way my colleagues artists were functioning. The so new to
me attitude of centering on the creative process – not the choice of tools or technical solutions
– started to “sink” into my way of thinking. I was able to realize the shortcomings of technology,
and how much effort it takes to use those apparently difficult means to communicate something
valuable. I even came to the conclusion that too much technology can detract from the message of
the image. This does not mean technology should not be used – quite the contrary, but it should
be used with double caution; technology gives a huge creative potential, but when used without
caution, it might obscure the intended effect. For personal use, I call this lack of balance in the
use of technology an “overtechnology” virus. Having come to these conclusions, I started perceiving the surrounding reality in a slightly different way. I quickly discovered the phenomenon
of “overtechnology” is, unfortunately, frequent in this world. One perfect example comes from
contemporary feature films. They are very often packed with fantastic special effects, while the
story itself is usually poor. Fortunately, this is not the only possible solution. There are also films,
in which special effects play a crucial role, but they remain in the background. They are only
means to reach the goal of telling a fascinating and often touching story.
As soon as I saw reality in a way different to that based on information technology, I was able
to look at my graphics from a different angle. The search stage began. I had known for a long
time that there existed two elements crucial to my work: detail and colors. Luckily, a few years
ago we witnessed the rennaissance of fractal graphics. Three-dimensional fractals have been
popularized. Soon, I also discovered this fascinating world. Here comes the answer to the second
of my questions. Fractals fascinate me with the already mentioned infinite number of details
which can be discovered by the viewer, and the interesting process of lending color to fractal
objects34. The process that I now use for creating fractal images is the outcome of my experience
and my reflections on this subject. The first fractals I generated were the result of testing various
applications, largely based on other people’s experience. In my opinion, the first really important
step on my way to an individual creative process was to find an application suiting my needs.
I found it in the constantly developing and largely experimental 3D fractal graphic program called
Mandelbulber35. Apart from many interesting functions, the application allows for generating
fractals compounded of several different fractals. Such an object, as I have mentioned, is called
a Hybrid Fractal. Objects of this type have become the solution to the problem mentioned in
34 More on this later in the study.
35 www.mandelbulber.com
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the first chapter, regarding the largely reproductive character of the created forms. Currently,
there exists a not very big family of spacial solids that one could call 3D fractals. Applying the
popular attitude to fractals, I should create them with the available mathematical tools, apply
colors, and then find the fragment of the fractal space I would like to show. But this process has,
in my opinion, many essential disadvantages. Most importantly, it lacks individual character. It
is difficult to leave one’s own mark on thus created form. In addition, one of the characteristics
of a fractal quickly becomes apparent – its self-similarity – making such objects monotonous or
even boring. A solution to this problem may be mixing several objects. The mixing method can
be individually shaped, allowing to make each work unique36, drifting away from the self-affinity
effect. To define the mixing method is complex by itself. I must admit I am largely impressed by
the dripping technique used by Jackson Pollock. It is to a large extent a random technique, but it
allows the author to control the creative process37. My process of “fractal mixing” is similar. The
choice of fractals is random to a large extent. I am convinced, however, it is not entirely random.
My process of hybrid creation requires learning. In the beginning, the generated objects seem
uninteresting or the result is bareness38. But an experiment repeated many times gradually brings
more and more satisfactory effects.

Image 13: One of the author’s first graphic images produced with the technique described above.
36 Not knowing what and how was mixed it is hard to copy.
37 e.g. choice of color, size of the hole in the tin can, or deciding which part of the work to interfere with and when that interference
has been completed, etc.
38 This is the case when the created fractal elements exclude each other. Due to the complexity of the process this phenomenon is not
easy for me to explain.
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An interesting observation I would like to share comes from my experience of attempting to
‘technically’ understand what I was creating. The more effort I put into understanding the functions and impact of the modified parameter the worse the effects of my work. It soon became
evident that I get the best result when I ignore the meaning of parameters. The best effects come
from working with definitions of fractals, but also with the modifying parameters through the
use of a method similar to one used by Pollock. I create, and then estimate the effect, deciding
on the direction of my further work39. One could easily say that this process largely depends on
experimenting. Many consecutive decisions, often the effect of an inspiration, lead to the next
element, mainly the color of the object.
In taking this next step I attempted to use the same action pattern as I used at the previous
stages. Inspired by the effect of the experiment, I was deciding on the next action. This is the way
my graphics were created until I started working on the Virtual Immigrants project. The described
method turned out unsatisfactory in the case of the color of the work. It led me to proceed with
the actions described in the following chapter.

39 As I have mentioned, the process is not entirely random, I can definitely say, however, that deciding on the direction of the work is
often unrelated to the technical and mathematical analysis of the effect.
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A Few Words About the Color...
Purpose: The purpose of this chapter is to analyze the problems and the solutions arising from the
idea of borrowing the color scheme from “popular Hawaiian style postcard views.”
One of the major assumptions relating to the project of creating virtual immigrants was an attempt
to borrow the color scheme from popular, pop-cultural ‘Hawaiian postcards.’ It was a conscious
attempt to redefine the attempt most often used in the case of fractal objects, mainly using a random range of colors. In addition, borrowing color scheme from such “nice and relaxing” images
seems to be an interesting experiment, casting interesting light on the subject of color in images.
In order to provide a detailed understanding of my undertaking, first I would like to focus on the most
frequent attitude to color in a generated fractal image. As I have mentioned, the most popular method
includes the use of randomly chosen colors, assigned to each element of a fractal. Since it is difficult to
name and abstract those particular elements, the procedure needs to involve a ready-made pattern for
bringing the final effect. A good example of this attitude is connecting a color with a mathematical value –
the result of fractal calculations related with generating the shape of the fractal. We then assume the same
information can be used to deciding both on the shape and the color of the fractal. This is a very popular
technique, very often used by people generating fractals. This method of filling parts of a fractal with
color is relatively simple for the computer, and undoubtedly can carry interesting cognitive information,
but unfortunately in my opinion does not allow to control the coloring of a piece of art. A rather extreme
illustration of this problem is a case I many times came upon. From the properly prepared broad range
of colors the computer uses only several colors, as that was the result of calculations. Little help came
from the tricks usually used in such situations, such as color palette rotation40, seemingly introducing the
full range of colors available. This method, in my opinion, makes all the images similar to one another.
Unquestionably, the fact this method exists and is used proves that authors of fractal images have been
aware off the weaknesses of this attitude for a long time. The attitude described here is naturally not the
only one, but I wanted to present it due to its large popularity and the typical for this type of operations
analytical-programming solution to the problem. It also pictures the specificity of the matter we are
dealing with when devoting attention to color in fractal graphics. It is rather obvious the nature of fractal
images imposes certain automatism. One of my assumptions in creating virtual immigrants was to get
rid of the random character of the process.
Another task relating to this problem was borrowing colors from a well-known pattern. A fractal, as
a mathematical object, does not have the feature of color. It is rather a definition of shape41. As I have mentioned, the color is added at a further stage, usually on the basis of the mathematical features of the object.
Observing the way a fractal is perceived when “disguised” in a well-known palette of colors, may carry
interesting cognitive information, allowing to better understand the specific character of such objects.
Following the definition of the subject, the color was to be one of the major fields of activity. The basic
assumption was to borrow colors from rather specific, kitschy views of the see and palm trees, so called
“Hawaiian postcards.” Having cited information about the definition of this part of the study, I would like
to proceed with the description of the solution I came up with.
I need to admit that as soon as I investigated this problem in details, it became apparent certain terms
used in the definition of tasks above lack precision.

40 Cyclic change of colors in the palette, so that each color moves in a chosen direction.
41 It is the outcome of calculations, hence we can rather talk about the definition of a shape – the border of the result of calculations.
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Image 14: Typical pictures one is going to find when searching for photos from Hawaii (top picture) or Maldives (bottom pictures).

The first photograph is a direct representation of the “Hawaiian postcards” colors. With an
archetype of the heavenly beach deeply rooted in my mind, I was imagining palm trees against
a sandy beach and the sea. Depending on the time of the day, the palette of colors could focus
on orange and red, typical for the setting sun, or on the well-known combination of green with
the color of sand and the sea. Unfortunately, I soon realized that assumption was fundamentally
wrong. Most of the pictures I could find were far from what I was expecting to find. The result
for “Hawaii” is mostly pictures of volcanos, flowers, or nature typical of the island. These views
may no doubt be very pleasant, however, they did not match the par excellence “palm tree view”
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which I planned to borrow colors from. At that point I had to decide on the further direction
of my work. I decided that the goal of my experiment was to face the already mentioned stereotypes of exotic kitsch, which I associated with landscapes popularly called “Hawaiian.” Since
photographic documentation was far from my expectations, I chose to expand my search area,
which also meant expanding the geographic area. I found the range of colors I was looking for at
photographs from Maldives42.
Another problem related with not enough precision in determining the subject, arose when
I started to generate the first test images. I relatively quickly realized that the generated images did
not mirror the borrowed range of colors. The method I used at first, one based on a histogram43,
did introduce the assigned colors, but the final result was not even close to the borrowed color
palette.

Image 15: Comparison of various 3D graphics generation elements, which influenced the color of the chosen palette: (a) shading, (b) different colors
lighting, (c) glow, (d) mist, air perspective, (e) background color. Below is the randomly generated color palette used (f ).

There turned out to be several elements causing this phenomenon. The first one is the already
mentioned fact of definition-based, somehow automatic attachment of color to individual parts
of a fractal. Usually only a section of the chosen palette was visible in the work, representing the
way the computer ascribed colors to particular fractal generation results. In addition, the problem
became worse with observation. The created image represents only part of the generated object,
thus necessarily limiting the visible color range. A more detailed analysis has also shown that even
the method of image generation as a 3D graphic introduces modifications to the chosen palette.
The source can even be methods used in 3D world generation. For instance, basic surface color
is modified by introducing shade (darker colors), the use of different colors of light (change of
42 Pictures found on the Internet: http://commons.wikimedia.org/wiki/File:P%C4%81hoehoe_and_Aa_flows_at_Hawaii.jpg (for
Hawaii – Wikipedia Commons), and http://www.uhdwallpapers.org/2014/06/welcome-to-maldives-paradise.html (for Maldives –
Creative Commons 0). as at 01.08.2014.
43 An option in a chosen application, the program analyzes a given image and generates the palette of colors used in the fractal creation
process accordingly.
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color through lighting it with light of different color than white), the use of air perspective and
fog effects (obscuring surface through mixing its color with the color of “atmosphere”), or finally,
by the use of glowing effect (similarly to the atmosphere effect, the color is changed through
adding the color of glow). Another important role is played by the background color which, as
an element of “empty” space, was not covered with any color from the chosen palette. Seemingly,
these elements should not influence the similarity of colors to the original, but in practice – even
though the results were similar – they were inconsistent with the color pattern. Again, it turned
out that the basic assumptions cause a conflict, and a decision should be made regarding further
proceedings. Just like previously, this time I also decided to continue with my original intentions.
The image was to be similar in colors to the one I borrowed the color palette from.

At first, it seemed necessary to develop a separate application, which would be able to borrow
colors from one image and transfer them onto another image. Even an initial analysis of the subject
has revealed that, from the IT point of view, the task is complex, if we want the final result to mirror the colors of the source. Developing such an application, although possible, would be a huge
technological challenge, and for this reason it was important to find out if similar problems had
not been already solved in some way. Surprisingly, support came from the well-known 2D image
processing application, Adobe Photoshop. It contains the “Match Color” function based on an
analysis of the source colors, creating a corresponding color palette. What is relevant, the palette
seems to be enriched in statistical information, describing how often a given color was used in the
image. Experiments with this solution proved it to be sufficient. It entirely met my expectations
regarding the color similarity of images. Even though there are certain discrepancies44, the test
trials have shown that the color similarity is sufficient45.

44 e.g. If the source image has much bright colors (like sunlight), and the final image is dark, the colors will not be used sufficiently.
This is an expected effect, otherwise the legibility of the image could be upset. We draw most information about an image through
the analysis of brightness of what we see, so interfering in the brightness of an image is inadvisable.
45 For tests I used royalty-free images from the Internet.
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Image 16: Effects of testing the Match Color function in Adobe Photoshop: (a) original picture, (b) experiment one, (c) experiment two.
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Virtual Immigrants Creation Process
Purpose: The purpose of this chapter is to describe the process of creation of individual Virtual
Immigrants elements.

Premises
In order to describe the genesis of the final version of a Virtual Immigrant, it is worth mentioning
the concept was largely developed as a response to the problem defined in the premises. From the
beginning it was obvious that whatever is created, it needs to be a kind of a chameleon based on
multimedia. A formation that, depending on the requirements (e.g. presentation possibilities),
will be able to present itself from a different angle. This requirement assumed presenting the same
information either as a statistical graphic or an animation, which would disclose slightly different
features of the same object. At this point I would like to notice, that the nature of a fractal itself
does not connect it to any form of presentation, which seems to fit the task perfectly. The key premise is that such objects originate from mathematics, and not information technology. Perceiving
fractals as computer-related results from the fact that IT tools made it possible to discover such
objects and, in w way, present them to a broader audience. If we take into account the analogy
defined in the subject of the study, we may call them ‘immigrants’ from the area of mathematics,
while IT tools form an interface enabling them to arrive and adapt to the world of art. Therefore,
the way a fractal object is presented is largely dependent on the available multimedia technology,
and not so much on the features of that fractal. It must be said that some fractal features that
we know from various visualizations are not, in fact, fractal features. Their “pure” mathematic
form does not possess those features. A good example to support this hypothesis is the above
mentioned color. A fractal does not have the feature of color. In its pure form, it is a definition of
shape. Colors are added via computer tools in the process of transferring them to a different space,
in our case – art. Therefore, a virtual immigrant is in fact a double immigrant. First, it travels to
the world of information technology, where it is able to function in a different reality, and only
following that stage can it be applied to the world of art46. This duality is an opportunity, but it
must be used with caution. The multitude of contemporary presentation techniques enables one
to create numerous fascinating representations of fractals. In my opinion, however, one needs
to be careful not to overwhelm the fractal basic features with this incredibly rich interface. Due
to the relatively short time of fractals functioning in a broader social awareness, it is hard to talk
about well-defined and rooted canons of transferring such objects to the world of art. Therefore,
I decided to treat the process of creating a fractal and transporting it to another domain as an
experiment. It included consciously defining certain parameters in an extreme way and – whenever possible – complying with those frames rigorously. Naturally, this meant I had to agree to
generating results which were not always optimal. The following analysis of the effects becomes
a valuable source of information and experience relating to the described task47. A good example
illustrating this assumption is the color palette definition. The choice of the palette is no doubt an
essential step towards the final form of the work. But in the case when we can observe the fractal
through a medium which allows us to see it changing in time, such as an interactive presentation
or a video, the question arises: Should I use one color palette or more of them? Therefore, in one
46 The author agrees entirely with the concept of a matrix presented in “Wirtualne Realis. Estetyka w epoce elektroniki,” [Virtual Reality.
Esthetics in the era of electronics] Michał Ostrowicki, Universitas, Krakow 2006
47 I will try to include some of them in the chapter analyzing the results of the experiments.
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of the experiments the palette remains stable, while in others it undergoes modifications. This
is directly related to my observation, that in various parts of the fractal object, a different color
palette works best. Another question that may arise is: Should I ascribe the palette change points
permanently to certain previously chosen key points (particularly important in the case of an
interactive installation) or change it dynamically, depending on the needs? Obviously, using
a larger number of palettes brings the question of whether they need to be in harmony. The fractal
experiments created as part of my project are an attempt to answer this question.

Image 17: Two key images of one of the created fractals, the outcome of an experiment assuming the use of several palette borrowings
within one object.

Having described the foundations of the concept, I will proceed to present its final version. On
the basis of the premises described above, the objects named Virtual Immigrants were created.
Their inherent feature is the possibility to emerge through the various techniques offered by the
IT interface. One thing crucial here is the assertion that the set of the multimedia techniques used
should not overwhelm the perception of the object itself. Consequently, I chose three presentation
techniques: digital print, video and interactive installation. In the course of my work I decided to
resign from other multimedia elements for fear that the proper perception of the objects could be
interfered. One example could be resignation from adding to the presentation the possibility of
viewing objects in the stereoscopic technique (3D). It is a solution seemingly adding attractiveness to the presentation, but it can contaminate the entire image with the “overtechnology” virus.
At the end of this part of the study, I would like to mention why and according to what assumptions the concept of interactive multimedia installation was developed. It must be explained
why this form has been implemented despite the fact it is not a simple form, and according to the
above statements, it could be a jeopardy to the perception of the work. The choice is deeply rooted
in my reflections regarding the term Virtual Immigrants used in the definition of the work. Such
a name personifies the objects, therefore it was important to make an attempt to provide them
with an imitation of human features. It seems that the interactive feature meets the personification
demand. For this reason I decided the object should be equipped with a possibility to react to the
viewer and decide on the further course of the presentation.
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Implementation
Another “logical”48 step in creating Virtual Immigrants was generating the objects according to
the previously determined assumptions. This task can be divided into at least two essential stages. First, we need to create the fractal. This was done in accordance with the above description.
The second stage is to prepare the fractal for a chosen form of presentation. In the case of digital
print, this means generating high resolution images, lending color to them, preparing them for
print49, test printing and all the other measured that need to be taken when preparing an image
for digital printing. What is important, it was during this process that the proportion and size of
the created images was defined. This is too a large extent the outcome of a limitation caused by
the proportion of a modern TV screen. The images had to have a fixed width to height ratio of
16:9. In the case of print, I decided to allude to the rectangular form of 1x1 meter I used before.
After changing the scale in accordance with the assumed proportion, the size of the prints should
be 100x56.25 cm. Another planned presentation medium was to create a sequence of images
showing the transition between the fractal’s key points. Thus prepared elements were to form
the base for a video or an interactive installation. This stage was unquestionably one of the most
labor-consuming50. All the prepared stills had to go through the process of color exchange51. In the
case of an animation, the sequences had to be edited and provided with sound. It was performed
via standard techniques used for such tasks52. It is important to note that the sound used for the
animation is not mine, as I do not consider myself a sound expert. For this project I entered into
cooperation with fellow composer Wojciech Błażejczyk53. In the case of an interactive installation, the process of developing the eventual solution was far more complex, which I am going to
describe in the following section.
Creative interactive installation
As I have mentioned, one of the fundamental decisions regarding the presentation of a Virtual
Immigrant was to give it a kind of interactivity. The first idea that I decided to consider was to
create a presentation based on an interactive Blue-Ray disc. In this solution, the user would be
able to travel from one part of the fractal to another using a remote controller. The transition
would be carried out through an adequate film sequence. The solution, despite its implementation
simplicity54, did carry a number of limitations, which I would even call disadvantages. The basic
problem was that the virtual entity thus created would be completely supine; it would only be
able to “slavishly” perform the viewer’s requests. If we define the immigrant as a personification of
a fractal, this attitude seems fundamentally wrong. Hence my decision to find a different solution,
more in line with my assumptions. After a period of research, I was able to define a group of IT
tools enabling me to implement the system in accordance with my expectations. In its final form,
the system consists of 3 basic components, all of which had to be developed:
48 In fact, the creative process was more iterative, after some practical elements were performed, the creative concept was undergoing
modifications.
49 Fractals are created as images to be displayed on a computer screen, hence the RGB color model; for print they must be converted
to CMYK. The process require much attention, as it is difficult to obtain some RGB colors in print.
50 Due to the complex structure of the images, the only effective method of producing images of the adequate quality was to render
them in a resolution twice as big as the one needed for the presentation (i.e. 3840x2160 pixels for images of 1920x1080 pixels).
Despite using processors with the joint number of 40 cores, the process took more than six months.
51 For this purpose the already mentioned Match Color function was used, supported by Image Processor of the Adobe Photoshop
application.
52 Once again, the programs used included: Adobe software, applications After Effects, Premiere Pro, and Media Converter.
53 We had collaborated at the “Zmysły Sztuki” show in the Wilanów Palace.
54 For this process, the basic knowledge of an application such as Adobe Encore is more than enough.
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–– Equipment solution, integrating infrared sensor with the computer system via Arduino
kit.
–– An application based on the Processing 2.0 programming environment, interpreting the
data from the infrared sensor and managing the prepared multimedia data55.
–– Adequately prepared multimedia data.

Image 18: Building a multimedia installation system – Virtual Immigrant, emphasizing characteristic IT components (equipment, software, data).

This is the form that does meet my expectations. What we have here is an entity able to detect
the viewer (with the infrared sensor) and interact with the viewer. It proposes viewing not only
the static part of the fractal, but also magnifying it and traveling to a different part of the Virtual
Immigrant it had chosen56. The process is fully autonomous and infinite57. The detailed implementation of the system was the following58:
The first step was to define the points within the fractal, which would become its key images. This
was based on the previously developed images of Virtual Immigrants that were prepared for print
and animations, once again reviewing them. Next, the possible variants of the transition between
the points59 were defined along with their duration. What followed was the most time-consuming
part of the project, namely animation generating (rendering). The number of images created was
huge. For example, a transition between only two points translates into around 20 to 40 seconds
of animation, which was generated as standard 25 frames per second. Such a transition had to be
generated both ways, which doubles the number of frames. I decided, however, to generate only
one-way transition animation, and to use postproduction techniques to reverse the direction of
55 i.e. fractal images, animation of transitions from one to another, and adequately prepared music.
56 The choice is made randomly by the application. In practice, it is impossible to foretell where the Virtual Immigrant would “take”
the viewer to.
57 It will be functioning until the application is shut down.
58 This regards the implementation of a prototype installation; by the time the final effect is made public, some details of the implementation may undergo minor changes, but the logic of the solution will not be interfered by them.
59 A graph or map, to be presented later in the study for particular solutions.
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each animation in order to obtain its equivalent60. This enabled me to cut the calculation time
by half at least61. Thus prepared graphic elements needed to be correlated with the soundtrack
(prepared both for the animation and the key frames62), creating the multimedia content of the
project. The whole data prepared in this process, both before and after compression, amounted
to several hundreds of gigabites.

Ilustracja 19: Dwa prototypowe układy Arduino wraz z towarzyszącymi im czujnikami podczerwieni (IR). Z prawej strony pierwszy prototyp,
z lewej drugi.

60 The animation rendering technique used was based on going through several points simultaneously (longer path), which in the case
of interpolation in the program used and refining the path may potentially bring slightly different results.
61 There also exist animation starting in one point and returning to the same point (loop), which do not require reversing.
62 In this case we are talking about adequately looped sound sequences.
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The second crucial element was to implement the right equipment solution, enabling the designed
system/installation to react to the viewer. At first it seemed the best solution would be to use
Phidgets63, forming Adobe Flash interface. But having analyzed aspects such as costs, flexibility
of the solution, development potential and also access to people dealing with such issues64, I chose
to use a similar solution, based on the Arduino65 system. This solution has the advantage of being fully integrated with the programming environment Processing 2.066, in which I decided to
make the main application navigating the entire installation. In addition, it turned out this kind
of solution is quite popular among people carrying out similar projects. Since IT aspects are not
the basic element of this dissertation, those who are interested will find the description of a prototype code at the end of the study.
The third element of the system was to create an application that would interpret sensor data
and make a decision about the choice of an animation going from one point to another. This
application is, to a large extent, the heart of the entire installation. The way it works influences
how the Virtual Immigrant is perceived. Since the viewer detection system – the infrared sensor
implemented in step two – used a solution based on the Arduino system, it seemed only natural to use the Processing 2.0 programming environment. Creating the application was quite
a challenge. Like in the case of an infrared sensor, the code for the application can be viewed in
an appendix at the end of the study.

63 http://www.phidgets.com/
64 Sometimes it is just good to ask someone if they happen to know the solution to our problem, because it might speed up the system
developing process.
65 http://www.arduino.cc/
66 As far as I know, both theses elements have been developed by practically the same group of people.
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Virtual Immigrants creation analysis
Purpose: The purpose of this chapter is to analyze the results of experimenting with the creation of
three fractal objects – Virtual Immigrants – named MYSPACE A, MYSPACE B and MYSPACE C.
One of the tasks associated with the process of creating Virtual Immigrants, was to conduct experiments related with the assumed creation parameters. From my experience prior to this task,
I knew that both the color palette and the definition of the visualization area may play an essential
role here. I devoted a separate chapter to colors, but I would like to say a few words regarding the
observation area67. My hitherto experience with three-dimentional hybrid fractals has revealed
the important role of the point from which we decide to begin the observation. It seems there
are at least three separate view categories: view from the outside, or from the edge of the object,
internal view, and detail. The names given here are my own attempt to apply adequate terms to
those categories. I do find certain similarities to the generally known division of a film set. One
difference is that the medium shot (named internal view in my vocabulary) is often associated
with the detail. This may seem natural, considering the infinite and self-repeating structure of
fractals. But since the visualizing application is necessarily based on a close-up, there appear
certain difference allowing us to find the mid-section observation space68. The external view is,
no doubt, characterized by great dissimilarity. In thus generated images huge role belongs to the
background. Such images often show a closed solid surrounded by the background space. The
opposite of such a system are images generated from different observation points, showing only
a part of a larger space.

67 I decided to use the term ‘observation area’ as I was not able to find a better analogy.
68 This is often the case when the application does not generate enough internal details, because we did not approach the surface close
enough.
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Myspace A
Premises
When it comes to creating this particular fractal, I allowed myself to use a rather free choice of
colors. I also decided not to restrict the frequency of using them. Furthermore, I chose not to
restrict the number of colors, which resulted in three color scheme borrowings. When defining
this category, I assumed that only three control points will allow for changing the color scheme.
I hence evoked a situation, in which a chosen color palette is used only in the control point. All
the transition animation frames have the color scheme adequate for the transition between the
color palettes. Referring to the observation area definition, I decided there would be the main
point, to which all the suggested animation paths would return. That area was to be located in
the external observation area. Therefore, all transitions to other area from outside this space had
to be characterized by an essential change in the number of details.

Image 20: Comparison of fractal Myspace A key points and the source of the color scheme borrowing.
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Conclusion
The fractal created on the basis of the above assumptions is characterized by a large diversity of
the images produced. A similar situation applies to all the animation sequences. They are rich
in colors, offering an interesting number of various sensations. Analyzing all the fractals created
as part of this project, I can easily say this one was most labor-intensive, both in preparing each
element and the production process (rendering) itself. At the same time I conclude that the effect
is closest to the expected full presentation of a fractal object.
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Myspace B
Premises
The premise here was to create this fractal basing on one color palette. The choice of the observation points was dependent on the intriguing structure of this fractal’s external view. The long
shot reveals an island structure in a relatively empty space. Therefore, the observation points have
been chosen in such a way that the animations can move the viewer from one island to another,
or that they show “landscapes” characteristic of each island.

Image 21: Comparison of fractal Myspace B characteristic points (the first 4), along with an intriguing image found among the transition frames (see
Conclusion below) and the source image.

Image 22: The effect of the radical modification of the used color palette.
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Conclusion
I find the final effects of this fractal generation process rather interesting. I believe they are accidental to a certain degree, resulting from the hybrid fractal I chose. If the generated frames did
not bring any considerable surprise – images based on one color palette are similar to one another
– the frames generated as transitions between them have become a source of a few unexpected
observations. The first one, which I consider positive, was finding an unusually interesting observation point, which had not been defined before. Unfortunately, the remaining two observations
are rather negative. During the analysis it became clear that, having processed the generated
transition frame showing the area between the “islands”, the image was becoming relatively dark,
significantly diminishing the attractiveness of such animations. This, in all probability, was due
to the technique I chose. The color palette is picked also as a result of an analysis of the image
content. In the case of the described “transitions” between the islands, the image becomes empty
to a large extent, which requires using the color palette in a different way. A solution applicable
to images of a similar structure does not necessarily need to work for a different structure. The
answer should be using a different color scheme, however, in order to meet the premise of not
borrowing more than one color scheme, I was forced to use the method of RGB scheme rotation,
which translates into significantly modifying its colors69. I decided it could be an opportunity for
another interesting experiment, which would reveal if juxtaposing simultaneously two highly contrasting color palettes is acceptable70. The result included modified transition animations where,
contrary to the Myspace A experiment, the palette exchange takes place during the transition, so
that both in the beginning and at the end of the animation we get back to the same color scheme.
The outcome, in my opinion, has improved the quality of thus generated transition animations.
Another important problem revealed during the transition animations analysis was the large
amount of empty71 images. I believe this was the result of going beyond the fractal borders
calculated by the application and traveling inside the fractal. Unfortunately, this seems to be in
conflict with the knowledge regarding the structure of this type. It is very hard to decide where
the fractal is and where it is not. Intuitively I would say that the expected view should contain
some image, especially that the animations which led to this effect seemed to introduce the viewer from emptiness to the fractal area. I decided the “empty” results must be connected with the
way the application works, which necessarily has to magnify only some infinite values, while the
areas that I exceeded did not fit in those magnifications. Unfortunately, in order to improve the
reception of the entire fractal I was forced to remove most of those images.

69 I did this using Adobe Photoshop and the popular Hue/Saturation function.
70 In this situation the transition animation is based on two extremely different color schemes. They get exchanged over the course of
time.
71 i.e. containing only background color.
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Myspace C

Image 23: Comparison of chosen Myspace C Hybrid Fractal key points, along with the image from which the color palette was borrowed.

Premises
In this fractal creation process I decided to choose only one color palette and keep it at all costs,
risking that there could appear color juxtapositions potentially unpleasant for the eye. Since in
the course of creating Virtual Immigrants I had to face the problem of abandoning Hawaiian
landscapes to the favor of Maldives72, I decided to find the image of this originally chosen location. After many tests, I chose a picture presenting mostly seaside, with a large part presenting
the see bottom color scheme. It was presented in a collective illustration depicting the fractal’s
key points. Following the definition of the spacial points, I decided to stick to the same fragment
of the fractal and not to define the points in the external space (outside and on the borders of the
fractal) and those very close to them. The purpose of this step was to see if thus generated images
are similar to one another.

72 Described earlier in the study, mainly in the chapter discussing color issues.
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Conclusion
The fractal generated in the way described above is characterized by much similarity to all the
images created. This is clearly visible on the example of the presented key points. The premise of
using only one color palette led – just as I expected – to, in many cases, unexpected juxtaposition
of colors. The cases of introducing unplanned colors unfortunately cannot be controlled on the
basis of key frames. The proof of that are the unusually “interesting” images, which appeared only
after the animations of transitions between the base points have been calculated. What came forward were frames of a different structure than that previously defined. This is due to the fact that
the virtual camera travels closer to the border of the fractal. The result was largely empty spaces,
deranging the original composition and essentially altering reception because of the intense, plain
color of the background.

Image 24: Example of image generated as a transition element between base points of different structures. This is due to the virtual camera „leaving” the
inside of the fractal chosen in the creative process.

The premise of keeping to the same fragment of space led, as was expected, to the creation
of images of largely similar character. When it comes to animations, a fixed color palette and
choosing control points from one space category has added monotony. The images are usually
very similar, so the focus should be on finding interesting key frames and other, non-animation
means enriching perception, such as sound elements.
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Summary
The experiments described above have shown that the best way to reach a visually satisfying form
is not to limit the tested parameters. This allows to achieve the most visually rewarding results.
They also point to the fact that the tested creation parameters, such as the color palette and the
chosen observation area, are of great importance in this kind of undertaking. Therefore, one needs
to pay much attention to develop them according to expectations. When creating an animation
based on control points, one also needs to be aware of the fact that thus created images may be
very different to those tested in the control points. After the generation process an animation
needs to be adjusted in accordance with one’s individual expectations, usually regarding the used
color palette73.

73 Once an animation is generated, there is no way to change the observation point, so the observation area parameter must remain
constant.
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Conclusion
In my attempt to summarize the process of creating Virtual Immigrants, I would like to point to
three critical areas:
–– The area of a 3D hybrid fractal functioning as an element of art; particularly with regard
to the ongoing media evolution.
–– The area of the knowledge necessary to create a 3D hybrid fractal and adjusting it to
various presentation forms.
–– The area of an artist’s statement regarding the technological aspects.
The first area of my analysis is the functioning of a Virtual Immigrant as an art object. What
attracts much of my attention is the ongoing discussion regarding the transformation, combining
and emerging of new media. I believe the very process of creating a fractal and transporting it to
the area of art can become a source of interesting observations. A Virtual Immigrant is a phenomenon of unique nature. Depending on the form applied to it in the process of IT interpretation,
it can adjust to the chosen medium. It can become a static image, an animation, or an interactive
installation. Depending on the choice, the object may expose some qualities not to be seen anywhere else, such as a changing number of details, i.e. the form, dependent on the observation
point. In the case of a static image, this element is practically nonexistent, an animation reveals
this quality in a subtle way, undoubtedly changing the perception of the whole object. We may say
the created objects have assumed many intermedia qualities, inheriting certain qualities characteristic of the media used for presenting them. Since they are different creations than those usually
presented with the use of such forms, they reveal completely new qualities and possibilities. An
analysis of those similarities and differences could become the source of interesting knowledge
about the nature of media, and particularly their influence on how a piece of art is perceived.
The major observation that I find dominant in the experiments is the function of IT tools acting
as as a bonding element, which modifies the perception and usually increases the media reach
of an art object, effecting in a well-known phenomenon of synergy and generating many of its
characteristic features.
Touching upon the creative-technical side of the project, I would like to point to some issues
that I find noteworthy. To start with, the most surprising element – despite my previous experience
in this matter – was the incredible complexity of calculations for creating the animations. It took as
long as more than nine months to produce the three hybrid fractals presented here, despite using
two multiprocessor and multi-core computers74. I did expect the rendering time to be very long,
but I must admit that with the solutions I had planned to use, I could never expect it could take
more than six months. The reason for this was that, in order to get the best resolution available,
I used very high standards for the calculation parameters. I believe the very choice of the fractals
was also crucial here. From the information technology point of view, creating hybrid fractals
is a calculation-costly process, especially if we want to reach visually satisfying results. Another
issue that I wanted to discuss is the large variety of materials depending on the presentation form.
The problem is naturally well known, but in the case of fractals it becomes intensified due to the
specific features of objects of this type. In the process of creating a fractal various presentation
parameters play an important role, for instance the target resolution – in this case directly influencing both the quantity and quality of the details75. In the classic approach to computer graphics, it is a popular practice to carrying out tests at lower parameter values. Unfortunately, this
74 Four processor cores computers with the latest CPU Intel Xeon – fastest among generally available.
75 The application allows for calculating the right values, but the effects are not the same.
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is practically impossible in the case of fractals. We might say: It’s all or nothing. If in the case of
a static image the number of unexpected dissimilarities is relatively low and can be calculated into
the process, it becomes a real challenge in the case of animated images. In the form that I assumed,
an animation was defined as a transition between the defined observation points76. As has been
proved by the tests I conducted, those transitions often become a source of numerous surprises.
The nature of those surprising elements can be either positive or negative. One solution to those
visually unpredictable forms seems to be the use of a very rich post-production process, taking
into account e.g. an individual choice of color palettes. The conclusion is, that when it comes to
animations, we are dealing with a far more complex process, requiring a double creative effort,
and still not giving certainty as to the quality of the results. After consideration, I acknowledge
this conclusion as obvious, resulting from the very nature of fractal objects.
The final element of this analysis regards the attempt to combine an artist’s statement with the
purely technical description of objects. I believe this was successfully done in accordance with the
premises. I do admit that I consciously removed from the dissertation certain technical elements
characteristic of such studies, e.g. some definitions, as I decided this would not hinder the message. I decided to leave those undoubtedly interesting aspects of my work to explore individually
for those interested in the subject. However, in order to underline the considerable influence of
information technology on the form of this study, I am adding an appendix with the prototype
code which I created. This is to honor the matter which made it possible for me to transfer hybrid
fractals to the world of art. It was a reality which enabled me to create the final statement – the
Virtual Immigrants.
To finish with, I would like to summarize the project as an element of my personal experience
and development. Creating Virtual Immigrants was a very interesting and edifying experience.
The very idea of “humanizing” a piece of art seemed only an interesting intellectual challenge in
the beginning. In the course of my work, I quickly realized this was the measure which made the
searching of the final form easier. Imagining that the created fractal is in fact an extraneous entity
which I am trying to move to the domain of art, largely simplified the decisions regarding the
final presentation. This was the reason behind my idea of creating three separate forms: a static
digital graphic, an animation and an interactive installation. They all allow to view fractals in
a very different way. A static image is, I believe, closest to the traditional way of perceiving an
art object. An animation is a much more modern form, enriching the perception with 3D space.
A static image becomes a kind of a sculpture. The addition of an interactive element in the third
form enables the viewer to conduct an individual dialogue with an art object. Thus, we have
three different forms presenting that same entity. We might say they offer very different levels
of multimedia perception of a fractal. The viewers themselves can decide, which form is most
adequate, by focusing on what they find most interesting. I consider this a success, as it allows
for presenting the exotic form of a hybrid fractal so that the various presentation forms convey
as many objective features of such objects as possible. One more subject I would like to discuss
is the color. In order to get the effect I wanted, I had to take up much more effort than I initially
had planned. It appeared the original solutions I planned to use were not enough – but this allowed me to improve the way I control color in my work. Prior to the Virtual Immigrants project,
colors were mostly a kind of an response to the colors offered by random choice. The solution
I found in the course of my work allowed me to practically remove that element of randomness.
This was critical for my creative process. I believe I have found a way to control more precisely
the difficult process of applying color to fractal images. At the end I would like to mention one
76 The program also has a different, more interactive mode, where we can steer the view with a mouse during the rendering process,
but that would be absolutely impossible with my hybrids. The recommended lowering of resolution largely blurs the final effect, and
with standard values it would be impossible (several months of rendering).
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more color-related aspect. According to my assumptions, I wanted to use rather “rich” palettes
of colors. That decision cost me much effort, especially in the last stages of the project. Closing
the project I feel there has been too much of the aggressive, saturated colors. I conclude the use
of more toned colors should allow for clearing the message and would better direct the viewer
towards the emotions I wanted to convey.
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Appendix A – Arduino Application
Purpose: I am placing here a printout of the interactive Virtual Immigrant prototype code in order
to show, that the project required not only solving problems of artistic nature, but also technical
ones – such as IT problems.
Application for Arduino is not very sophisticated. It was built on the basis of documentation
added to the programming environment77.
The first step is to define a set of variables, describing where the entry with the information
from the sensor would be, and a variable for storing the read value.
int sensorPin = 0;
int value = 0;

Second, the setup function is developed78. Its main goal is to set the initial conditions for the
program. In the case of the code provided here, two tasks are carried out. First, we need to define
that we will be using entry number 0 (described in variable sensorPin) for data reading. Second
is to command the start of communication with the computer, using one of the standard speeds
(9600 bits per second).
void setup() {
pinMode(sensorPin, INPUT);
Serial.begin(9600);
}

Another element is the loop function, describing the tasks which the program will be carrying
out on and on, until the end of its functioning, which in this case means shutting down the device.
The apllication performs the following tasks one by one: reading the value from the sensor entry
defined in the setup function, ascribing it to the variable value and transferring it to the computer,
which is the main task of the described application. The program then waits for 1/10 of a second.
void loop() {
value = (int) analogRead(sensorPin);
Serial.write(value);
// Serial.print(value);
delay(100);
}

Interestingly, there are two functions sending data to the computer, one of them (Serial.write)
sends data in digital format (as binary type – a series of zeroes and ones), and the other one
(Serial.print) in text format (ASCI – this type of data can be read directly in a simple text editor).
Following a series of tests, the binary version was chosen.
77 Arduino IDE (Integrated Development Enviroment) – set of programming tools for developing applications and their compilations
(creating a version compatible with the target device). In the case of Arduino, it is an editor, a set of programming libraries, and
tools for compiling and sending the created program to the device (Arduino program is uploaded on the device in order to decide
about its functioning).
78 In fact, these are “methods” (functions which belong to the program class). In Arduino IDE environment it is hidden from the user
on purpose (to simplify work for people not necessarily advanced in programming).
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Appendix B – Processing Application
Purpose: Below is a printout of the interactive Virtual Immigrant prototype code, in order to show
that the project required not only solving problems of artistic nature, but also IT ones.
In the presented – here prototype – version of the application, we are dealing with a kind of
a finite state machine, or a solution very typical of computer systems. The algorithm is based on
defining several basic processes of the program, called states, which change under the right factors.
Analyzing the way the program works in the greatest magnitude, we can subdivide its two basic
functions. The first one is waiting, or a situation when the program does not detect any viewer
standing close enough (using the data from the IR/Arduino sensor). In that case, the program
displays an image belonging to a given point, waiting for a signal. A similar situation is right after
the transition animation has been displayed (having gone from one state to another). Even if the
viewer is standing close to the installation, the application will „wait” for some time, and only
then will it continue displaying. Another distinctive state of the program is the transition from
one point to another. The condition here is detecting a viewer by the infrared sensor. In this case,
first the decision is made regarding the „direction” of the presentation. On the basis of the information about where we are, one of the available paths is randomly used. The application has been
developed so that maximum four paths can be chosen from one given point. After the path has
been chosen, the system stops displaying the static image mode, enabling the process of activating
a chosen animation. When it is finished, the information about the point we are in is changed (we
have come to a new place), the application enters the display mode, and the process starts anew.
// obsługa portu szeregowego (ARDUINO)
import processing.serial.*;
Serial mojPort; // obiekt klasy serial
int val=0; // Zmienna do trzymania tego co wyszło z portu ;)
int valmed=0; // zmienna do trzymania uśrednionej wartości n-odczytów (num_val)
int num_val=22; // ile odczytów do uśrednienia – dobrana eksperymentalnie – de fakto określa szybkość
reakcji
int prog_ir=100; //próg reakcji ARDUINO – eksperymentalnie
boolean ir_test=true; // czy ma używać IR/czy może wyświetla film.
// KONIEC ZMIENNYCH DO ARDUINO
import processing.video.*;
Movie film;
String nazwa_filmu;
boolean launcz = false;//flaga mówiąca że trzeba rozpocząć odpalanie filmu
boolean state_film=false;// stan wyświetlania filmu
boolean state_draw=true;// stan rysowania tła – od tego stanu zaczynamy
float eta=0;
int czas=0;
int arrival_temp_id; // zmienna do trzymania punktu do którego przybyliśmy przed destrukcją klasy.
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PFont myFont; // font do pisania
PImage tlo; // obrazek tła
PUnkt aktualny_punkt;
void setup()
{
size(displayWidth, displayHeight, P3D);
background(0);
myFont = createFont(„verdana”, 12);// chyba głównie do debug
textFont(myFont);

aktualny_punkt = new PUnkt(0,4,”ABC.mp4”,”AD.mp4”,”AE.mp4”,”AF.mp4”,”PUNKT_A.jpg”); // to punkt A
tlo = loadImage(aktualny_punkt.podaj_tlo());
// init portu – ARDUINO
String portName = Serial.list()[5]; // Na moim macu – port 5
mojPort = new Serial(this, portName, 9600);
}
// draw.
void draw(){
//***************************************************************************************//
if(state_draw)
{
tlo.resize(displayWidth, displayHeight);// bo trzeba się dopasować do rozdziałki(1280 nie 1080 dla
przykładu)
image(tlo, 0, 0); // dlaczego 0,0?
if(ir_test==false)
{
ir_test=true;
val=0;
valmed=0;
}
}// koniec state_draw
//***************************************************************************************//
if(ir_test){
// Tu dane z czujnika IR przez ARDUINO
if ( mojPort.available() > 0) { // jak są dane,
val = mojPort.read(); // to mają trafić do val
valmed = valmed+val;
valmed = valmed – (valmed/num_val); //uśredniona wartość val_med – odczytowa – uwaga na rozpęd
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text(“IR(debug) : “+Integer.toString(valmed/num_val), 10, 10, 100, 50); //DEBUG
}// koniec czytania ARDUINO
// decyzja czy przechodzę do następnego punktu (ktoś wlazł w zakres IR)
if ((valmed/num_val)>=prog_ir){
ir_test=false;
launcz=true;
} // koniec decyzji z ARDUINO
}// koniec IR_TEST
//***************************************************************************************//
if(launcz)
{
nazwa_filmu=aktualny_punkt.podaj_dest();
film = new Movie(this, nazwa_filmu);// stworzenie obiektu z filmem +Mile ma trwać
film.play();
eta=film.duration();
czas=millis();
launcz=false;
state_draw=false;// czy na pewno tu
state_film=true;
}//launcz
//***************************************************************************************//
if (state_film){
image(film, 0, 0,displayWidth, displayHeight);
// a tu czekanie na arrival
if (millis()>czas+int(eta*1000)) // jak się skończył film
{
film.stop();// czy na pewno ?
// REINICJALIZACJA PUnktu !!!!
arrival_temp_id = aktualny_punkt.podaj_punkt_docelowy();
state_draw=true;
state_film=false;

przelicz_punkty(arrival_temp_id);
tlo = loadImage(aktualny_punkt.podaj_tlo());
}// koniec czekania na arrival
}// koniec state film
//***************************************************************************************//
}// konec draw
//***************************************************************************************//
//***************************************************************************************//
class PUnkt
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{
int aktualny_punkt_id; // tu punkt w którym jestem A-0/D-1/E-2/F-3
int docelowy_punkt_id; // punkt docelowy – j.w.
int ile_wyjsc; // ile ma być brane pod uwagę
String wyjscie1;
String wyjscie2;
String wyjscie3;
String wyjscie4; // bo planuję maks 4 wyjscia
String obrazek; // co ma być wyświetlane jako obrazek w tym punkcie
//***************************************************************************************//
PUnkt(int whoami_id, int ilew, String n1, String n2, String n3, String n4, String obr)
{
aktualny_punkt_id=whoami_id;// czyli że ma dowiedzieć się jakim jest punktem
ile_wyjsc=ilew;
wyjscie1=n1;
wyjscie2=n2;
wyjscie3=n3;
wyjscie4=n4;
obrazek=obr;
} // Koniec konstruktora
//***************************************************************************************//
String podaj_dest(){
String ansfer; // tu ma być return odpowiedzi
int decyzja=int(random(ile_wyjsc-1));
// uwaga ma działać na max 4 możliwych ścieżkach.
switch(decyzja) {
case 0:
ansfer=wyjscie1;// czyli pozycja 1 z listy podanych dla danego punktu
docelowy_punkt_id=przelicz_id_docelowe(aktualny_punkt_id, decyzja);
break;
case 1:
ansfer=wyjscie2;// czyli pozycja 2 z listy podanych dla danego punktu
docelowy_punkt_id=przelicz_id_docelowe(aktualny_punkt_id, decyzja);
break;
case 2:
ansfer=wyjscie3;// czyli pozycja 3 z listy podanych dla danego punktu
docelowy_punkt_id=przelicz_id_docelowe(aktualny_punkt_id, decyzja);
break;
case 3:
ansfer=wyjscie4;// czyli pozycja 4 z listy podanych dla danego punktu
docelowy_punkt_id=przelicz_id_docelowe(aktualny_punkt_id, decyzja);
break;
default:
ansfer=wyjscie1;// czyli pozycja 1 z listy podanych dla danego punktu
docelowy_punkt_id=przelicz_id_docelowe(aktualny_punkt_id, 0);// udajemy że decyzja była 0
break;
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}// koniec switch’a
return ansfer;
}// koniec podaj_dest()
//***************************************************************************************//
int przelicz_id_docelowe(int P_id, int dec)
{
int przelicz_id_docelowe_return=0; // zmienna do zwrotu w funkcji
if (P_id==0)// czyli punkt A
{
switch(dec){
case 0:
przelicz_id_docelowe_return=0; // A
break;
case 1:
przelicz_id_docelowe_return=1; // D
break;
case 2:
przelicz_id_docelowe_return=2; // E
break;
case 3:
przelicz_id_docelowe_return=3; // F
break;
default:
przelicz_id_docelowe_return=0; // A
break;
}// koniec switch
}// koniec if
else
if (P_id==1)// czyli punkt D
{
switch(dec){
case 0:
przelicz_id_docelowe_return=0; // A
break;
case 1:
przelicz_id_docelowe_return=2; // E
break;
default:
przelicz_id_docelowe_return=0; // A
break;
}// koniec switch
}// koniec if
else
if (P_id==2)// czyli punkt E
{
switch(dec){
case 0:
przelicz_id_docelowe_return=0; // A
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break;
case 1:
przelicz_id_docelowe_return=1; // D
break;
case 2:
przelicz_id_docelowe_return=3; // F
break;
default:
przelicz_id_docelowe_return=0; // A
break;
}// koniec switch
}// koniec if
else
if (P_id==3)// czyli punkt F
{
switch(dec){
case 0:
przelicz_id_docelowe_return=0; // A
break;
case 1:
przelicz_id_docelowe_return=2; // E
break;
default:
przelicz_id_docelowe_return=0; // A
break;
}// koniec switch
}// koniec if
return przelicz_id_docelowe_return;
}
//***************************************************************************************//
int podaj_punkt_docelowy()
{
return docelowy_punkt_id;
}// koniec podaj punkt docelowy
//***************************************************************************************//
String podaj_tlo(){
return obrazek;
}// koniec podaj tlo
}// koniec class PUNKT
//***************************************************************************************//
//***************************************************************************************//
void przelicz_punkty(int id){
switch(id){
case 0:
aktualny_punkt = new PUnkt(0,4,”ABC.mp4”,”AD.mp4”,”AE.mp4”,”AF.mp4”,”PUNKT_A.jpg”); // to punkt A
break;
case 1:
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aktualny_punkt = new PUnkt(1,2,”DA.mp4”,”DE.mp4”,”DA.mp4”,”DE.mp4”,”PUNKT_D.jpg”); // to punkt D
break;
case 2:
aktualny_punkt = new PUnkt(2,3,”EA.mp4”,”ED.mp4”,”EF.mp4”,”EA.mp4”,”PUNKT_E.jpg”); // to punkt E
break;
case 3:
aktualny_punkt = new PUnkt(3,2,”FA.mp4”,”FE.mp4”,”FA.mp4”,”FE.mp4”,”PUNKT_F.jpg”); // to punkt F
break;
}//koniec switch
}// koniec przelicz_punkty
//***************************************************************************************//
// Wywoływana za każdym razem, kiedy dostępna jest nowa ramka animacji
void movieEvent(Movie m) {
m.read();
}
boolean sketchFullScreen() {
return true;
}

As I have mentioned, the solution presented here is a prototype. Since it is planned to create
three separate installations, it is necessary to develop three different codes for each of the Virtual
Immigrants, or remodelling the existing code so that it allows for steering it with the data. In the
next stages of work the quality of the code needs to be improved, for instance, the IR/Arduino
sensor control is most probably going to be closed in a separate class. In addition, sound servicing
will be added, now tested separately, in a separate application.
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Appendix C – The Fractal Art Manifesto
The article below is by Kerry Mitchell. The author of the Polish translation is Jarosław Wierny. I belive this text to be fundamental for fractal art, and in accordance with what I wrote in the chapter
‘Fractals in art’ I am adding it here as an element of my dissertation that I entirely agree with.
The Fractal Art Manifesto
L. Kerry Mitchell
As a genre, Fractal Ar (FA) has been around for approximately 15-20 years. Its first major public
display may be considered to be an article about the Mandelbrot Set published in “Scientific
American” in 1985. Since then, many advances have been made, both in fractal rendering capabilities and in the understanding of fractal geometry. Perhaps now is an opportune time to make
a defining statement about what is (and what is not) Fractal Art.
Fractal Art is a genre concerned with fractals – shapes or sets characterized by self affinity
(small portions of the image resemble the overall shape) and an infinite amount of detail, at all
scales.
Fractals are typically created on a digital computer, using an iterative numerical process. Lately,
images that are not technically fractals, but that share the same basic generating technique and
environment, have been welcomed into the FA world.
Fractal Art is a subclass of two dimensional visual art, and is in many respects similar to photography – another art form which was greeted by skepticism upon its arrival. Fractal images
typically are manifested as prints, bringing Fractal Artists into the company of painters, photographers, and printmakers. Fractals exist natively as electronic images. This is a format that traditional
visual artists are quickly embracing, bringing them into FA’s digital realm.
Generating fractals can be an artistic endeavor, a mathematical pursuit, or just a soothing
diversion. However, FA is clearly distinguished from other digital activities by what it is, and by
what it is not.
Fractal Art is not...
Fractal Art is not Computer(ized) Art, in the sense that the computer does all the work. The work
is executed on a computer, but only at the direction of the artist. Turn a computer on and leave
it alone for an hour. When you come back, no art will have been generated.
Fractal Art is not Random, in the sense of stochastic, or lacking any rules. Being based oon
mathematics, fractal rendering is the essence of determinism. Apply the same image generation
steps, and the same result will follow. Slight changes in process usually lead to slight changes in
product, making FA an activity which can be learned, not a haphazard process of pushing buttons
and turning knobs.
Fractal Art is not Random, in the sense of unpredictable. Fractal Art, like any new pursuit,
will have aspects unknown to the novice, but familiar to the master. Through experience and
education, the techniques of FA can be learned. As in painting or chess, the essentials are quickly
grasped, although they can take a lifetime to fully understand and control. Over time, the joy of
serendipitous discovery is replaced by the joy of self-determined creation.
Fractal Art is not Something that anyone with a computer can do well. Anyone can pick up
a camera and take a snapshot. However, not just anyone can be an Ansel Adams or an Annie
Liebovitz. Anyone can take brush in hand and paint. However, not just anyone can be a Georgia
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O’Keeffe or a Pablo Picasso. Indeed, anyone with a computer can create fractal images, but not
just anyone will excel at creating Fractal Art.
Fractal Art is...
Fractal Art is Expressive. Through a painter’s colors, a photographer’s use of light, or a dancer’s
movements, artists learn to express and evoke all manner of ideas and emotions. Fractal Artists
are no less capable of using their medium as a similarly expressive language, as they are equipped
with all the essential tools of the traditional visual artists.
Fractal Art is Creative. The final fractal image must be created, just as the photograph or the
painting. It can be created as a representational work, an abstraction of the basic fractal form, or
as a nonrepresentational piece. The Fractal Artist begins with a blank “canvas”, and creates an
image, bringing together the same basic elements of color, composition, balance, etc., used by
the traditional visual artist.
Fractal Art is Requiring of input, effort, and intelligence. The Fractal Artist must direct the
assembly of the calculation formulas, mappings, coloring schemes, palettes, and their requisite
parameters. Each and every element can and will be tweaked, adjusted, aligned, and re-tweaked
in the effort to find the right combination. The freedom to manipulate all these facets of a fractal
image brings with it the obligation to understand their use and their effects. This understanding
requires intelligence and thoughtfulness from the Artist.
Most of all, Fractal Art is simply that which is created by Fractal Artists: ART.
(c) 1999 L. Kerry Mitchell
www.infinite-art.com
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