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Abstract

Nowadays, technological advances have
influenced all human activities generating
new dynamics and ways of
communication. In this context, some
artists have incorporated these advances
in their creative process, giving rise to
new aesthetic expressions that are
referred in literature as Generative Art,
which is characterized by assigning a
certain part of the creative process to a
system that acts with a certain degree of
autonomy [1]. The most recent works in
generative art show the importance of the
visual component as well as the artist's
effort to provide the viewer an active role
in order to offer a captivating experience
[2]. In this regard, this work proposes a
computational system for the creation of
generative art that explores the use of a
Brain Computer Interface (BCIl), which
allows the materialization of the captured
data of the spectator's brain activity in a
digital artwork. In this way, the spectator
takes an active role in the creative
process. Additionally, the proposed
system makes an audible representation
of the user's mental states materialized in
an artistic piece as a complementary part
of the artwork. The generated work takes
advantage of concepts of geometry, color
and spatial location to graph the visual

space and uses the cerebral signals as
random and recursive elements that give
complexity to the autonomous
construction. As an added value, visual
production is accompanied by a musical
piece generated from the BCI data, which
complements the created artwork
providing a bimodal communication
character.

1. Introduction

The technological boom
experienced since the end of the 20th
century, in which Information

Technologies have permeated almost all
human activities, has generated new
dynamics and forms of development and
communication. Consequently, in the
context of Art, some artists and creators
have incorporated these advances into
their creative process, giving rise to new
aesthetic expressions such as electronic
art, computational art and others.

These new forms of expressing art are
referred to in the literature as generative
art, whose fundamental premise is based
on the fact that part of the creative
process is carried out by a system that
acts with a certain degree of autonomy,
but keeping elements such as (color,
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form, space, texture, etc.) and principles
(balance, movement, proportion,
uniqueness, etc.) of art [1][3][4].

In works such as [5][6][2][8] the
importance of the visual component in
generative art is evident, as well as the
concern that the work responds to certain
interactions of the spectator. These
proposals demonstrate the artist's effort to
provide the viewer with an active role and
a captivating experience. However, in
offering the possibility of interaction with
the work, it is important that the artist
contemplates multiple ways of
communication since, although vision is a
fundamental element of perception,
multimodality offers a more complete way
of communication, taking advantage of
other senses (such as the auditory) to
create a more meaningful experience for
the audience.

In this context, the fundamental premise
of this proposal is to extend the capacity
of interaction of the audience and more
than the artwork adapts to actions
executed by the spectator, it proposes to
offer the spectator a participative and
immersive experience in the creative
process.

To achieve this purpose, a bibliographic
review was carried out in search of
technologies that would allow data from
the spectator to be captured and used in
the creative process. As a result of this
effort, a new and rarely used alternative in
the context of generative art was found in
the Computer Brain Interfaces (BCI).

The next section presents the BCI
concept, its possibilities and the selected
device. In addition, some concepts
related to music are presented, which
were taken into account for the creation of
the musical piece that accompanies the
artwork that is also generated from data
from brain activity.

2. Brain
Interfaces

Computer

Brain Computer Interfaces are hardware
and software communication systems
whose purpose is to help the user interact
with the external environment by
predicting their intentions based on data
related to their brain activity.

These types of systems have been
fundamentally studied and wused as
assistance tools for people with reduced
mobility because they do not involve the
use of muscular channels for the user
interaction [9].

A BCI device captures signals from the
brain and can perform certain calculations
following five consecutive stages: Signal
Acquisition, Signal Pre-processing,
Feature Extraction, and Signal
Classification.
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Fig 1. BCI. stages

In this way, a BCI device allows the brain
to communicate with external mechanical
devices and involves important aspects
such as voluntary control of
electroencephalographic signals,
synchronization of brain rhythms and the
measurement, interpretation and
classification of neuronal activity. This last
aspect is the one that is taken as base on
this proposal
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2.1 Brainwaves,
Classification and Capture
Devices

Brain waves are produced when brain
cells (neurons) are activated and produce
local current flows that are translated into
electrical impulses and  changes.
Encephalography or EEG primarily
measures the currents flowing during the
synaptic excitations of the dendrites of
many pyramidal neurons in the cerebral
cortex [10].

Brain patterns form sinusoidal graphs that
commonly range from 0.5 to 100 pV in
amplitude, that is, almost 100 times less
than ECG signals (electrocardiograms).
The Fourier transform allows these raw
signals to be taken and amplified to obtain
a higher volume of information.
Brainwaves are measured in cycles per
second (Hz), the higher the number of Hz,
the higher the frequency or brain activity.
The first approach to brainwaves was
made by the German Hans Berger in
1924 [11]. Between 1930 and 1940 the
brainwaves were classified in 5 groups
which are summarized in Table 1 [11]:

Mental States
Unconsciousness, deep sleep.

Waves Ranges
Deilta (5) <4 Hz

Theta (8) 4Hz - 8Hz

Relaxation, intuition, creativity,
remembrance, Imagination.

Alpha (a) 8Hz - 12Hz Mental effort, sleepless relaxation,
stiliness, awareness.

Relaxation and focus

Low Beta (B) 12Hz - 15Hz
|__MidBeta () | 16Hz-20Hz Thinking. self-consciousness.
High Beta (§) 21Hz - 30Hz Alert, agitation. disturbance.

Gamma (y) 30Hz - 100Hz Motor functions and high mental activity

Table 1. Brain Waves and their
classification.

According to the above, a BCI device
allows inference to be made about an
individual’'s mental state (attention level,
relaxation) and some of his motor
functions. In recent years, manufacturers
such as Emotiv (EPOC), Neurosky
(Mindwave) and OpenBCI (Cyton) have
been dedicated to the development of
non-invasive BCI devices, which allow the
capture of brain signals in an easy and

user-friendly way.

For the purposes of this paper, the
Mindwave device was chosen because of
its economic affordability, reliability in the
delivery of data related to the user's
mental states, ease of use and the
comfort the user feel when interacting with
the device, as evidenced in the study
conducted in [12].

3. Music: Basic concepts

The word 'music' derives from the Greek
mousike (pouoikr)) which means "art of
the muses" [13]. According to [14] music
is "the art of combining vocal, instrumental
(or both) sounds to produce beauty of
form, harmony, and expression of
emotion. Also, according to modernist
composer Edgard Varése, music is
defined as "organized sound"[15].
However, many authors have expressed
different opinions about what is or is not
considered music. Therefore, in order to
better understand the definition and
language of music, it is necessary to
become familiar with concepts such as:
tone (height), duration, intensity, and
timbre [16].

Tone is an essential characteristic that
allows us to distinguish between high-
pitched and low-pitched sounds [17]. The
frequency of each sound - usually
measured in Hertz (Hz) - denotes the
number of sound waves per second and
allows identifying the musical note to
which it corresponds.

Duration is the time in which the vibrations
produced by a sound are maintained, that
is, the period or interval of time in which a
specific note sounds [18]. The graphic
representation is made by means of
musical figures assigned to different
sounds, where the semibreve is the
reference unit and each subdivision
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(musical figure) lasts in time the half of the
previous note.

Intensity, also known as 'volume', is the
property that allows you to identify how
loud or soft a sound is perceived. Volume
levels are measured in decibels (dB). The
range of human hearing lies between 0
and 120 dB approximately, for this reason,
sounds above the upper limit - such as
that produced by aircraft take-off - can
cause irreversible damage to hearing.
While frequency is set by the length of the
sound waves, intensity is determined by
its height, which can also be called the
wavelength [19].

Finally, the 'timbre' is an intrinsic property
that allows the human ear to differentiate
between sounds emitted by various
sources, even when they do not belong to
the same category. For example: the
sound emitted by a guitar and an electric
bass or the same musical note played by
different instruments. Each of the above
definitions constitute the structure and
foundation of what we know as 'music'.

4. Proposed system: Early
stages

Tests were carried out with different colors
and geometric figures, so that substantial
improvements could be evidenced at each
stage. In this way, the final proposal
exhibits an improvement in the robustness
of the algorithm and the resulting images.
Next, the experimental process is
described: To generate generative art,
Processing was used as a programming
environment. In the same way, an
exploration of the geometric forms that
have more relevance and that are more
easily identifiable in nature and in daily life
was made. This, in order to the aim for the
naturalness of the generated piece.

Some of the geometric figures chosen

were hexagons, triangles and circles,
however, the experimentation was carried
out with circles because the low
computational complexity required to
create them allows the inclusion of
different characteristics in the final piece.
The first approach came from the hand of
a mathematical function whose curves are
shaped like the flower's petal. This
function is called "Rhodonea Curve" or
"Rose curve" and was named by the
Italian mathematician Guido Grandi
between 1723 and 1728. It allows drawing
roses from polar coordinates. Figure 1
describes the function, expressed in polar
coordinates and its representation in
parametric equations:

r = cos(kf)
& = cos(kf) cos(6)
y = cos(kf) sin(f)

Fig 2. Polar coordinates and parametric
equations.

If kK = n/d, then the figure will change due
to the values of these variables, in other
words, the visual representation of the
figure will have a greater or lesser number
of petals.

Figure 2 shows the curves defined for
different values of n and d.
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Fig 3. Rose Curves with different values of
ny d.

The second approach continued under the
premise of using circles for the
construction of the final piece. In this
regard, color and spatial location were
adopted as characteristics of generative
art, so a variable associated with color
and a pair of coordinates for the location
of the figure were introduced as random
elements.

Circles are formed by lines starting from a
specific position. The algorithm performs
a cycle from zero to 360 degrees for the
creation of a circle. Within it, a straight line
is constructed whose values of X1 and Y2
are calculated by random numbers
between 50 - 150 and 150 - 360
respectively. The values of X2 and Y1 are
both zero. In this way, the centre of the
circle varies and its internal points are
defined, as can be seen in figure 4:

Fig 4. Multicolor circles generated
randomly.

5. System’s description

Figure 5 shows the architecture of the
application, which depicts how music and
generative art come together in this
proposal.
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Fig 5. App’s Architecture.

The results obtained, contributions, and
possible applications of this work in the
context of music generated from brain
activity are described by the author in
[20].

Regarding generative art, the third
approach — and the one that represents
the current version of the system —
gathers the ideas introduced in the
previous stages, however, instead of
randomizing the whole algorithm, it takes
as input the values of the brainwaves
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provided by the user who interact with the
device, in order to produce art through
brain activity.

Figure 6 shows some examples of the
spectator's experiences and the works of
art created by their own brain data.

Fig 6. User interaction

The application’s functioning will be
explained shortly. It begins with the
definition of a variable that will measure
time in milliseconds, this variable will be
used to provide continuity and movement
to the final piece generated. A seed is
also defined for the random values of the
algorithm.

For this approach, the values of the five
brain waves are used: delta, theta, alpha,
beta and gamma.

Initially, the raw data sent by the device
are not used, but for each of the wave
values, a data pre-processing is carried
beforehand, so that these can be used by
the algorithm.

Regarding Alpha waves we distinguish
two types of values: The common ones,
which are in a range of 8Hz - 12Hz and
the so-called High Alpha which are
between 10Hz - 12Hz.

Continuing with the idea of using circles,
two models are proposed: The first is a
training set consisting of Delta, Theta and
Alpha waves that will control the number

of circles in the piece. We will call this set
Cl1l. The second set (C2), consisting of
High Alpha, Beta and Gamma waves will
be used to control the radius of each circle
in the scene.

An additional variable that takes the value
of the screen width and divides it by the
value of the brainwaves in C2 is used.
This, in order to graphing the circles
generated within the display area. It then
iterates from zero to the value of the
brainwaves in C1.

Three new variables are introduced: The
first two are the coordinates X and Y,
whose values will be the multiplication of
the previous variable times a random
value between zero and the value of the
brainwaves at C1 plus one.

The third variable is responsible for the
displacement of each circle in the figure,
so it will take the time variable introduced
at the beginning and multiply it by a
decimal number between 0.1 and 1, times
the number 60 times a random number
between zero and two.

The mentioned values were set after
testing and observing that they made
possible the perception of movement.

Each circle moves in one of the two axes,
following a straight line whose sinusoidal
displacement and wavelength vary
randomly.

The color of each circle and its
interpolation with the following color are
chosen in the same way, for that purpose,
the device’s attention and relaxation
values are used to choose, randomly, the
opacity of each circle present in the piece,
which varies in a range that has the user’'s
attention level has as its lower bound and
its relaxation level as its upper.

6. User tests and
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Brainwaves exploration

In order to ensure Vvariability and
expressiveness in the final piece, it was
necessary to determine which pair of
waves from sets C1 and C2 would be
selected. These are shown in Table 2.

C1(Number of circles) | C2(Radius)
Alpha High Alpha
Theta Beta

Delta Gamma

Table 2. Training sets.
Thus, tests were carried out with 6 users,
which generated pieces showed divergent
behaviors. Each user presented different
mental states and a different production of
brain waves.

As will be shown in the figures, the brain
waves of each user allow the creation of
pieces of art with different morphological
characteristics due to the quantity of
variables that the algorithm gathers and
that are expressed in an involuntary way.
Similarly, the figures shown exhibit the
uniqueness of each of the pieces. The
geometric figures that are formed contain
a series of basic design concepts such as:
translation, superposition, gradation of
shape, size, color and scale.

The variation of the opacity of the
geometric figure along with the gradation
of scale generates a controlled chaos
effect, as well as the visual weight and the
cognitive load of the piece that is being
built it is modified as the interaction
process with the BCI device lasts longer.

The different pieces generated are
explained in detail below, taking into
account the brain waves and the users
who participated in the test:

User 1: Alpha - High Alpha.

Fig 7. User 1 (Alpha — High Alpha).

As seen in the results, for these
brainwaves, a grid of superimposed
circular shapes with size gradation is
created. The randomness of the position
of the figures ends up being recurrent in
the sense that a certain order s
appreciated in the X and Y axes, as well
as the distribution of the filling colors
through all the composition.

User 2: Theta — Beta

F|98 User2(Theta Beta)

These brainwaves, unlike the others, do
not saturate the composition of images,
leaving blank spaces that allow the image
to breath, the figures tend to group in
certain positions, which causes a certain
visual imbalance in the results.

User 3: Delta - Gamma

Fig 9. User 3 (Delta - Gamma) |

With these brainwaves the figures are
grouped massively throughout the
composition, this generates a grid of
superimposed circular shapes that vary
with the opacity.
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Regarding the mental states of the users,
it was found that each one experienced
different sensations, prior to the
interaction with the BCI device. Thus, user
one was sleepy at the time of the
interaction, while user two was attentive —
expectant. On the other hand, user three
was relaxed.

In this regard, not only the values of the
brain waves of each individual provide
variability to the generated piece, but also,
their mental states are a great input in the
construction of the final piece.

Based on the information provided by the
previous figures, it was decided to select
the Delta - Gamma waves, since they are
the pair of brain waves that provided more
expressivity and variability.

This decision is also supported by the fact
that these brainwaves are the ones in a
lower and higher frequency range
respectively, as show in the study carried
out by [21] and the figure 9. The above is
reflected in the fact that having fewer
circles that quickly change its size brings
more contrast, variability and
expressiveness into the final piece.
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Fig 10. EEG brain frequency chart.

The figures below show tests performed
on three different users in order to obtain
the values of their Delta - Gamma waves
to produce generative art.

User 4: Delta - Gamma

Fig 11. User 4 (Delta - Gamm‘). -

With these brainwaves it's easy to
observe gradation of color, translation of
forms and interlacing of figures. It is
important to see how the figure also
presents a change in opacity which
generates a diffuse image.

User 5: Delta — Gamma
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Fig 12. User 5 (Delta - Gamma).

The reticular organization using these
brainwaves is clearer, since the size of the
figures is smaller which contributes to a
more logical order in the arrangement of
its elements. There are certain moments
when opacity, in conjunction with scale,
blurs the composition, however, it tends to
be homogeneous.

User 6: Delta - Gamma

The tendency of this type of brainwaves is
to form lattices of circular superimposed
forms, however, there are certain
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moments where there is variation of
opacity and scale that produce visual
asymmetry regarding the sizes of some
figures with respect to others.

The tests performed and figures 7 — 9 and
11 - 13 shown above were run and
captured in the same time frame for each
user (one minute). This allowed us to
obtain greater accuracy in the data and
images presented.

In regard to the tests carried out with
users whose brain waves used were
different, it was found that the variability of
these and the profile of the users allowed
obtaining diverse results, as shown in
figures 7 - 9.

Similarly, each of the pieces generated by
the users presented different images,
color patterns and compositions, even if
the tests were performed with the same
brainwaves (Delta - Gamma), as
evidenced in figures 11 - 13. This
generates a composition with depth,
whose randomness provides unique
pieces considering that although the same
waves and capture times are measured,
the results of the images will be diverse.

The amalgam of each of the previous
elements and their interrelation provide
the necessary inputs that allow the
creation of a piece of generative art that is
not only based on the brain activity of a
person, but also fluctuates with it, so that,
at first, none of the images generated by
users are the same, since their mental
states and / or brain activity vary
constantly.

7. Conclusions

During the experimentation it was
found that, at in the beginning, some
shyness was observed in the user -
spectator due to the use of the BCI

device. Nevertheless, once the creative
process begins, there is evidence of an
immersion and capture of the interest of
the person, not only because of the visual
feedback, but also because of the auditory
one.

The system generated and the
incorporation of BCI technologies allow to
bring the user closer to art. In this regard,
the result of this research does not
propose to turn users into artists, but to
obtain an artistic result that the user can
create involuntarily. Thus, the BCI device
is configured as a facilitator and mediator
of this creative process.

The values obtained as a result of
capturing the user's brainwaves offer
enough randomness to make the
algorithm produce a piece of art that is
different for each viewer because it is
linked to the user's brain activity.

The BCI captures information that allows
to reassure the autonomy of the algorithm
in the generation of the piece of art
because the data with which this the piece
is created are taken from the brain activity
of the user, which is intangible for him.
This means that the user is not aware of
generating a certain effect in order to
manipulate the artwork. He could not, for
example, take explicit control over the
way in which the parameters in the
algorithm are reflected in the piece, but
rather the piece reacts to its mental states
and to the outcome of its brain activity.
This is why, in the interaction, the user
does not have total control over the final
result of the work or what it produces, but
somehow the wuser's brain activity is
reflected in an artistic piece. In this sense,
during multiple tests, one of the users
stated that, when concentrating, he could
vary the size of the circles or the
composition of the figure, however, this
corresponds merely to a subjective
perception of the person.
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