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1 Introduction
Today, many people are exposed to stress and its negative impact. In this respect, there is a need to correct a human
psychophysiological state (and not only by medical means). The application of different audiovisual systems ( Theta
Mind’s Eye, 2016; Mind Machines, 2016) can significantly improve people’s quality of life. These systems can
stimulate physiological and emotional activity of humans. Not only they have a relaxing effect, but also help people
reduce anxiety and boost their productivity.
Some systems use flashes of light and rhythmic tones to affect the brain. Modern devices based on this principle
consist of LED (light-emitting diode) glasses. The visual content of audiovisual systems includes pictures of nature
or abstract images. The latter can be created by hand or generated by program code (Mental Rhythm, 2016). Fractal
algorithms are often used to generate abstract graphics.
The term “fractal” was first introduced by B. Mandelbrot. It refers to a specific geometrical structure which has a
property of self-similarity. Such objects can often be found in nature (trees, circulatory system, etc.) (Forsythe et al.,
2011; Bourke, 2016). Today, fractal theory and fractal methods are used in engineering, medicine, art, and other
fields. The fractal dimension D is the basic parameter for quantitative analysis of fractal forms. The Hausdorff
dimension and the box dimension are mostly used in experimental science. The latter is defined by:
log N (ε )
(1)
D   lim
ε 0
log ε
where N(ε) is the minimum number of “balls” of radius ε required to cover a certain set (Crownover, 1995).
Today, the fractal dimension is a qualitative aesthetic measure of the visual complexity of paintings and artworks
(Forsythe et al., 2011; Mureika, 2005; Taylor et al., 2007; Abbott, 2017). R. P. Taylor, A. Micolich, D. Jonas and
other researchers discovered fractal structures in abstract paintings and found the relationship between the fractal
dimension of artworks and their human visual perception (Taylor et al., 2001). Thus, paintings with the 1.3-1.5
fractal dimension were aesthetically more preferable to observers than the ones in the fractal dimension of 1.1-1.2
and 1.6-1.9. R. Taylor has also demonstrated beneficial effects of fractal forms on a human psychophysiological
state (Forsythe et al., 2011; Taylor et al., 2001).
Laser projection systems gain popularity due to specific characteristics of laser radiation (monochromaticity,
coherence, brightness, etc.). They are widely used in the entertainment industry and audiovisual art. These systems
enable technicians to create various visual effects. The positive effects of laser projection relaxation methods were
previously described by N. Matveev (Matveev, 2016). This paper presents a fractal analysis of the visual complexity
of laser show pictures and their impact on human emotional state.
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Fractal methods have been used for the quantitative and qualitative analysis of paintings for a long time
(Forsythe et al., 2011; Mureika, 2005; Taylor et al., 2007; Abbott, 2017; Taylor et al., 2001). In this paper, we
present the results of the original study on the use of laser show pictures.

2 Method
Several types of laser effects are used in light shows: lumia, beam and screen effects. For lumia effects, the laser
beam passing through heterogeneous media creates different abstract shapes (interference patterns). To produce
beam effects, technicians use smoke or dust and control the laser beam with mirrors, diffraction gratings, etc. For
screen effects, laser graphics, texts and animated images are drawn by the laser beam on the projection surface
(Daukantas, 2010).
We made pictures of different laser effects used in “Lux Aeterna Theatre” (Russia, Saint-Petersburg) (Lux
Aeterna Theatre, 2017). These effects were created by laser technicians using Pangolin software (Pangolin Laser
Systems, 2017). We selected 45 images that are most relevant for the purposes of our experiment and divided them
into 3 sets of 15 images, where each set represented the corresponding laser effect. Laser show pictures are shown in
Figure 1.

Fig. 1. Laser show images

One hundred and sixty-one participants (men and women aged 17-48 years) in took part in the study. Of these,
44 participants were from the art field and 117 participants did not have any artistic background. Laser show images
were presented to the respondents in random order. The participants were asked to rate their emotional and
relaxation experience and the attractiveness of the laser show images on a scale from -2 to +2. Next, we applied the
fractal theory in order to establish a relationship between the visual complexity of laser show pictures and their
human visual perception. The “box-counting” dimension D was calculated for our images using an imageprocessing software ImageJ (ImageJ, 2016). The color pictures were converted to black and white (monochrome)
images using the Canny edge detection algorithm (Canny, 1986). The obtained images were placed on a grid scale,
in which all boxes had a fixed size ε. The number of boxes N(ε) that the image crossed was counted by using the
ImageJ software. Next, we reduced the size of boxes and repeated the procedure several times. The fractal
dimension D was determined from the slope of the graph, where the x-axis was the log(ε) and the y-axis was
log(N(ε)).
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Thus:
(2)

D = - tgα
where α is the angle of the slope.
We calculated D values of all pictures for different types of laser effects (Table 1).
Table 1. D values of laser show pictures for different types of laser effects

Type of laser effect

Dmin

Dmax

Dmean

Lumia effects

1.296

1.657

1.490

Beam effects

1.198

1.621

1.333

Screen effects

1.065

1.587

1.331

Next, we calculated the Spearman correlation coefficients (Wayne, 1989) between D values of the laser show
pictures and the respondents’ reaction to them (Table 2).
Table 2. The correlation between D values of the laser show pictures and the respondents’ reaction to different types of laser
effects

Spearman correlation coefficient
Type of laser effect
Attractiveness

Emotional effect

Relaxation effect

Lumia effects

-0.286

-0.120

-0.283

Beam effects

0.211

0.202

-0.019

Screen effects

0.110

0.119

0.039

3 Results and discussion
The results of our calculation showed that lumia show pictures had maximum values of fractal dimension (Dmean =
1.499), whereas beam and screen show pictures had approximately equal D values (Dmean = 1.333 and Dmean = 1.331,
accordingly). Thus, lumia show pictures are more complex than beam and screen ones.
The low correlation between the visual complexity of pictures and the respondents’ reaction to them exposes
individual preferences for abstract images. The negative correlation coefficients obtained for the lumia effects and
the positive relation established for the beam effects are of great importance and point to the following:
1. On the one hand, the structure of the lumia show pictures is complex (the maximum D value falls within the
low preference range and the minimum D value is close to the high preference range) so the respondents preferred
simpler lumia effects;
2. On the other hand, the minimum D value of the beam show pictures is below the high preference range, so the
respondents preferred more complex beam effects.
The obtained results support the theory of a relationship between the fractal dimension and aesthetic judgment
(Forsythe et al., 2011; Mureika, 2005; Taylor et al., 2007; Abbott, 2017; Taylor et al., 2001).
In our analysis, we did not take into account the color-grade of the pictures used. In addition, there were some
problems with the binarization of the images, as the areas with solid color (generally, with intensity gradients) were
interpreted as image “noise”. On the one hand, the structure of images proved to more complex (the D value
increased); on the other hand, the intensity gradients used for artistic expression affected the complexity of images.
Further research is required to explore the impact of the intensity gradients on the visual complexity of the scene.
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4 Conclusions
Our research has confirmed the relationship between the visual complexity of laser show pictures and their human
psychophysiological perception. However, the individual preferences for abstract images are highly subjective.
Therefore, the fractal dimension as such cannot define the aesthetic value of artworks. It should however be noted
that the visual complexity of screen effects differs considerably from lumia to beam effects. Screen effects are more
suited for the entertainment industry, whereas lumia and beam effects are more relevant for audiovisual art. The
latter can be used to create the visual content for relaxation and anxiety management.
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