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The main objective of this research is to define methods for aesthetical image generation 

based on fractal graphics. In the theoretical part the peculiarities of congenial pattern 

generation for each fractal type were studied and in accordance with that, five types of 

fractals were investigated in terms of their visual attractiveness. Each fractal type was 

considered from different perspectives for aesthetic properties. In order to get the GPU 

performance benefits, GLSL programming language was chosen for fractal images’ 

generation.  

In the practical part of the research, hundreds of fractal images of five different types have 

been generated, and the most aesthetically promising according to the author have been 

further selected for a survey. According to a fractals’ type, resulting images were divided 

into three direction groups. Aesthetics of fractal images was evaluated based on their likes 

to reach ratio on Instagram social network. Survey results illustrate the most aesthetic 

fractals of each group according to the Instagram users’ opinion. Thus, the generation 

methods for aesthetic fractal images were found. 
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1 INTRODUCTION 

Historically, fractal images have been always appeared in different cultures' art. Many 

natural objects such as trees, clouds or snowflakes have their repetitive patterns what is a 

distinctive feature of fractals (Mandelbrot, 1982). Some of them are considered close by 

nature by people because, like animals, their predecessors found them safe and calm 

(Davies et al., 2009). This knowledge has been genetically transmitted through generations 

and therefore reflected in many areas of art (Kellert, Heerwagen and Mador, 2011). People 

tried to reproduce natural fractal beauty on their own before mathematical fractal set was 

discovered. After introduction of fractal concept by Mandelbrot (1977), it became 

widespread, as with computational software development, these mathematical sets could be 

programmed and visualized. 

There are successful fractal applications in different fields, besides aesthetics applications. 

Thus, there are applications of fractals in the field of science such as biology and chemistry 

(Bunde and Havlin, 2013). Another application could be found in digital technologies. For 

example, it became possible to apply fractal based algorithms for natural environment 

setup in films and video games production due to natural fractal features (Seymour, 2017; 

Feldman, 2012). Evolution in computational technology has given new possibilities for art 

establishment, including new forms of art. A number of various digital objects make it 

possible to produce visual content and evaluate it, thereby promoting the most beautiful 

artworks in social net and mobile applications. In accordance with that, current research 

detects methods to define and generate aesthetic fractal images. 

 

1.1 Goals of the research 

The rapid growth of popular digital services has opened up new opportunities for the 

fractal usage in digital environment. In order to rise human interest in the digital market, 

fractals may generate in symbiosis with photos or images. Mathematical sets of fractals can 

act as graphical filters such as IMGonline.com.ua1 or Pho.to2 site. Nevertheless, these 

filters have limited functionality. 

 
1 https://www.imgonline.com.ua/fractal-effect.php 
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Many digital services and programs run on a computer as the production of fractals 

sometimes require a lot of computational power. Meanwhile, the portable devices are also 

available to create beautiful fractals, by using special mobile applications. Fractview and 

MandelBrowser use a range of fractals and decorative functions to generate fascinating 

images. Notwithstanding they don't involve work with photos, thus, with this kind of 

technology it is possible to interest a wide range of interested users. Juley (2019) analyzed 

the most potential goods for digital marketing. Based on her research, images are in high 

demand since they are applied to design websites, personal blogs, advertisements, etc.  

In this way, the object of current research is fractals visualization. The subject is people’s 

aesthetical perception. Research question forms as: 

How to generate aesthetic images based on fractal graphics and deliberately pleasing to 

the users' eyes?  

For this goal, the next sub-questions are formed: 

1. What methods are used to generate aesthetic fractal images? This includes peculiarities 

of working with each fractal type, basic methods of creating colors and patterns, their use 

in other areas of graphic design. 

2. How to identify a visually pleasant fractal? This refers to the process of 

programmatically generating a potentially beautiful fractal and how to evaluate its 

aesthetics properties. 

 

1.2 Research design 

A main part of the first question is a review of the existing literature. Scopus and Web of 

Science databases were used for searching the required information. Proceeding from the 

main purpose of this study, there are three keyword queries: “fractal image algorithm”, 

“fractal image generation”, “fractal art design”. Only English scientific publications have 

been considered and only those that are published between 2004 and 2019 years. 

 
2 http://funny.pho.to/crazy_fractal/ 
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Terms “fractal art design” and “fractal image generation” have a reasonable amount of 

material - about 100 and 250 works respectively. Since the research is narrowly focused, 

there was a decision to choose between scientific articles and conference papers, as they 

formed more than 80% from all bulk of documents. In the case of the keyword “fractal 

image algorithm”, the coverage of previously discussed filters is 2092 documents in 

Scopus and 1564 documents in Web of Science. Open Access filter could not only allow 

using free papers from scientific publishers but also reduce the number of publications for 

easier sampling - around 250 documents.  

The second sub-question is solved by fractal programming and selection of generated 

images. In order to generate a fractal, programming language and related websites should 

be chosen. Furthermore, fractals of different types were taken for their structure analysis 

and attractive images generation. Heuristic design methods were used to improve 

perception of fractal images. Since the research suggested image and fractal operation, 

there is a need to consider different generation processes. All completed artworks are 

divided into three groups: generation of an attractive fractal, picture’s fractal processing 

and fractal framing. Selection is based on a harmonious combination of image 

composition. After artwork selection, users evaluate its attractiveness in a digital 

environment. 
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2 LITERATURE REVIEW 

According to research design, documents on specific keywords were sorted out by the 

filters, mentioned in the introduction. Results of search classification are presented in 

Table 1. 

Table 1. Initial search results 

Database Search terms Search results (no. of papers) 

 

Scopus  

 

 

Fractal image algorithm 237 

Fractal image generation 250 

Fractal art design 105 

 

Web of Science 

Fractal image algorithm 254  

Fractal image generation 242 

Fractal art design 93  

  

Total 

 

1181 

 

Around 15-20 articles were selected from each keyword, according to their titles. The 

number of articles was divided between two databases as a quantity of found papers is 

different. After abstract reading, part of the most irrelevant articles according to the author 

for each keyword has been excluded. The remaining articles had three main parameters: 

formulas, figures, and research topic. Formulas demonstrate which methods of fractal 

generation and which fractals are used in the scientific document. Images display not only 

the fractal visualization but also provide a better understanding of research results. 

Article’s research makes it clear is it will be suitable for analysis. 

Additional sources were have been always used for a more complete picture of the 

research. Aside from Scopus and Web of Science, some articles were taken from the 
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Google Scholar database, ResearchGate, IEEE Xplore Digital Library, and Elsevier. Free 

Internet sources were used as a reference to some images and electronic articles. 

 

2.1 Exploring the existing fractal generations 

Each fractal type differs in generation features. Geometric fractals type is the easiest to 

generate computationally according to simple geometric objects and constant algorithm. 

Due to geometric figure, some of them can generate an attractive ornament as Pythagoras 

tree or dragon curve. Changing the shape of the original object and the angle of inclination, 

interesting spiral pattern could be programmed. In the case of the Sierpinski triangle, the 

result of the algorithm does not depend on the shape of the geometric object (Demenok, 

2011). A generator form may be replaced with another object (e.g., a flower or a smiley 

face), but generator algorithm will remain the same.  

At the same time, algorithmic fractals are formed due to nonlinear processes in n-

dimensional spaces. The most famous representative of this type is Mandelbrot fractal. Due 

to its self-similarity algorithm, Mandelbrot set creates a shape that can attract the viewer's 

eye (Figure 1). The Julia set, in turn, is more symmetrical and its vortexes make final 

image very interesting. What about Newton basin, the center could look like a flower with 

a certain number of introduced roots. 

The Cai and Lam (2013) studied the escape time algorithm and Mandelbrot sets to create a 

colorful fractal image. Depending on the iteration number, the dots on the border of the 

fractal are given a certain color (Demenok, 2011). Another specificity of the algorithm is 

that the smaller the number of iterations, the brighter would be the color of the fractal 

image and vice versa. Iterations may vary from place to place, thus creating color areas 

with clearly defined boundaries. 
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Figure 1. Mandelbrot set 

Besides the escape time algorithm fractal coloring, it can also be used to demonstrate its 

structural changes. In Mandelbrot set, there are several construction orders. Most often 

people can see this fractal in the second-order, as in Figure 1. Such mathematical sets 

differ from the first order in that the value of the complex value z for iterative function 

increases its degree by 1. The third-order value will increase value by 2 and so on. 

Mandelbrot's high order fractal is expressed by Equation (1). 

𝐹𝑛(𝑧) = 𝑧𝑛 + 𝑐. (1) 

Complex values play an important role in the formation of a high order fractal. Value z is 

responsible for the location of iteration point, while variable complex value c is the value 

of control function iteration. With these values, the iterative process can be monitored. 

During the repetitive process of tracking the speed of movement between iteration point c 

and starting point z, a set of numbers is obtained from a series of numbers. This set creates 

the Mandelbrot fractal. When creating a second or higher-order fractal, complex value c 

changes the sequence of iteration points for value z. Iteration points may be infinite or may 

be reduced to a certain area of the mathematical set. As a result, fractal changes its 

structure with each new repetition. In third-order Mandelbrot fractal is divided into two 

and reflects itself, when in fourth-order it is divided into three, where the vertices are 

equidistant from each other (Cai and Lam, 2013). In Halley's and Newton's fractals, 

increasing order of magnitude leads to an extension of roots number and their attraction 

regions. Each area has its color, which can give interesting visual images when it moved. 



15 

The experimental part has created a program for Windows operating system, which 

generates a fractal of Mandelbrot and Julia in Visual Basic programming language. The 

program displays values that entered by a programmer and can be changed by the user. 

They are values of 𝑐𝑥 and 𝑐𝑦 points, n values, the size of the finished image S and the 

saturation of each of the three colors. The software also uses buttons to control picture 

color (“Large Color Painting”) and its blocking (“Color Painting”). The escape time 

algorithm is used to control the fractal's color palette. Three color parameters are set for a 

program based on RGB color model. The point's color for the whole chart depends on the 

amount of iterations, required to complete the algorithm condition.  Users can see the 

generated color set with a possible change of color parameters due to a number of color 

values for computers (from 0 to 255) and the value of iteration parameter. However, this is 

possible only when “Large Color Painting” is selected, while “Color Painting” blocks the 

use of colors.  

A weak point of escape time algorithm as a color generator is visible color boundaries. 

When the color palette is correctly selected, fractal images may look attractive. If color 

zones do not correspond to peculiarities of color harmony (Weingerl and Javoršek, 2018), 

there is a probability that resulting fractal pattern will not be able to catch the viewer's 

attention. In Figure 2, the fractal is not made in one color. Apart from yellow, there are 

also inclusions of blue, green, red and other colors. The visual complexity of image grows, 

thus increasing visual interest for the viewer (Kocaoğlu and Olguntürk, 2018). Although, 

with sharp contrast and poor compatibility of some background colors, the fractal image 

looks overloaded. In spite of the simplicity of used algorithm, clear boundaries in color 

areas can distract attention from artistic value. This requires smoothing the boundaries by 

normalizing the iteration counter by creating a smooth gradient between them (Garcia et al. 

2009). 
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Figure 2. Image, generated with escape time algorithm (source: habr) 

The creation problem of beautiful fractal images with the escape time algorithm was 

considered by Li and Ji (2015). Improving Mandelbrot and Julia sets was made by a 

genetic algorithm. It implies a solution for optimizing the existing process according to the 

principle of natural selection (Holland, 1975). Action principle consists of the assignment 

of several generated objects of their genetic code, created an initial population. These 

objects must correspond to the environment to find the best solution. The fitness function 

value is pre-defined, which is used to compare results of each object. The closer the result 

is to this function, the more adaptable it is. Selected objects are crossed, where later on 

appear whom descendants inherited the genotype of their parents. The process is repeated 

several times until satisfactory results are achieved or the number of cycles or time limit is 

exhausted. 

As an element of genetic coding was used a binary tree because it is convenient for 

dividing the mathematical expression. The tree has a hierarchical structure in which all 

values are divided into several levels. In the “root”, the highest level of tree is a 

mathematical sign. It has two branches that represent operations. Each operation connects 

two operands. They are located at the lowest level, representing numbers or variables. In a 

more complex binary tree, asymmetry will occur because the operator is related to another 

operator and operand. The initial population consisted of many binary trees, where operand 

values were chosen randomly. The main problem for escape time algorithm task of 

constructing a Mandelbrot and Julia set is to select visually beautiful images. However, 

everyone has a concept of what can be beautiful. Consequently, for fitness function was 

used a user vote. One hundred participants voted for the images that they felt were 
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attractive. The number of votes for each figure was determined during the calculation. 

Since voting is a subjective process, the study relies on fitness value reflecting the user's 

scores. Besides evaluating the image itself, users also assessed the degree of satisfaction 

from an image and the degree of agreement with the decision of other users.  

In the selection process selected the values that have a high individual fitness value 

compared to multi-individuals. This chromosome has undergone a mutation that randomly 

changes the real number values. Values converted to RGB parameters, thus creating a new 

generation. Thus, the best chromosome is chosen to create more beautiful fractal images. It 

also stores templates in the most popular images to identify their interesting elements and 

use them for next-generation templates. Along with the selection and generation of the 

most attractive templates, was implemented improved escape time algorithm. Using Visual 

Basic, the new system outputs color in a dotted manner with different fractal image output 

times. In this way, colors are "sprayed" over the entire fractal image and do not have 

clearly defined borders.  

After crossing a mutated binary tree with another one, the program will be obtained 

fractals with a new combination of colors and shapes. The process of generating new 

images ends when satisfactory fractal images are created. With escape time algorithm and 

the ability to save interesting templates, artists and designers may produce attractive fractal 

images in a short time.  

Aesthetic images can be more than just a representation of reality. By creating unique 

images, the author can apply the peculiarities of optical illusions. The concept of optical or 

visual illusions implies the creation of an erroneous visual perception of the object. At first 

glance, the object represents one thing, but on closer inspection, it displays quite another. 

A simple example of an optical illusion is Rubin vase. The image is painted in two 

contrasting colors - white and black. While a middle figure in black color, the background 

gets white color. If a person looks at this figure, it will show an image of the vase. 

However, if the view on the left or right side of the picture is shifted, a person can see a 

human profile. In that case, a vase is replaced by two identical people looking at each 

other. Optical illusions are very diverse: they may create an effect of motion, three-

dimensionality, depth and so on (Bach and Poloschek, 2006). This technique is used in art 

and design to reflect their emotions or to visually transform an object (Belosheykina, 

2011). These artworks are not only beautiful but also interesting. In the art, the interior of 
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the room, wardrobe object, a person will consider every detail to understand the overall 

composition or to understand the peculiarities of illusion.  

The optical illusion can also be used for fractals. Browne (2007) studied the peculiarities of 

impossible figures and their realization in geometric fractals. Impossible figures give the 

impression of a three-dimensional object, although its elements are constructed in such a 

way that they cannot exist in reality when their elements are combined visually (Gardner, 

1968). The article was used three kinds of impossible figures: tribar, trident and cube. 

Tribar is a triangle of three beams connected at right angles. This triangle has three sides, 

which can be painted in different colors for a greater visual effect. This type of figure was 

used for the Sierpinski triangle and Koch's snowflake. In the case of the snowflake, there 

were two used methods of construction. The strongest effect of optical illusions arises in 

the alternative construction, thus forming a framework. Furthermore, it is more difficult to 

distinguish between the elements of the fractal with a large number of iterations. As a 

result, the optical illusion becomes weaker. The rule of painting sides was used, to achieve 

the optical illusion for Sierpinski triangle. There joined side must have the same color as a 

larger triangle.  

Apart from tribar, its so-called multibar varieties were used. With more angles, more faces 

are used. Unfortunately, as it was with previous fractal forms the visual effect is less 

impressive. This can be seen when generating a square Sierpinski pattern at the expense of 

four-bar, where uses four sides. When the number of sides is increased, the final fractal 

seems to be simply curved or twisted. The most beautiful images are obtained when 

creating the Pythagoras tree and Peano-Gosper curve. In spite of the illusionary problem 

with big iterations, Pythagoras tree looks attractive and the illusion itself remains in the 

crown. The Peano-Gosper curve object does not change the scale but expands. However, 

the larger the scale, the fewer people see an optical illusion. 

Trident or Devil's fork shows the illusion that three cylindrical rods turn into two bars. 

Unlike the previous type, fork uses a background. A more appropriate fractal for this type 

of visual illusion is Cantor set. One segment is divided into three equal parts. A further step 

is when the middle third is taken out, and new segments are generated on each side. The 

procedure continues with several iterations up to infinity. Using the Cantor set increases 

the number of teeth for the trident, creating amazing shapes in the form of a comb, bars or 

submachine gun.  Cantor's fractal is created with two or three levels of separation to keep 
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the illusion alive. An isometric pattern was created based on trident and Gilbert's curve. 

The illusion will be based on whether the pattern is visible from top to bottom or bottom to 

top.   

Though, not all impossible figures can be well applied to fractals.  One such figure is a 

cube that looks like a cube perspective but is not real. Impossible fractal cube might be 

generated by using a three-dimensional version of the Sierpinski rug, better known as 

Menger sponge. Viewer is hardly focusing on finished optical illusion because of many 

small details in a Menger sponge. Another way is to use several cubes as a framework, as 

in Monika Buch's “Cube in Blue” (Ernst, 1986). In that case, a picture should use only one 

iteration. The reason will be the same as for the first choice. Therefore, it will be difficult 

to create an aesthetic illusional fractal without losing its special features. 

 

2.2 Generation of aesthetic fractals with simple geometric shapes 

As Day (2016) remarked, people used fractal features even before its opening. In the 

article, he noted that many Celtic paintings have repetitive patterns and are visually self-

similar. When he considers the famous work of Celtic painting - Book of Kells (Francoise, 

1974), some illustrations resembled a form of existing fractals. Moreover, he noted that 

many Celtic paintings have repetitive patterns and are visually self-similar. At the same 

time, self-similar images are difficult to create using simple objects like curves, triangles 

and circles. This is comparable to fractal theory, where complex objects can be created by 

simple mathematical formulas. It suggests that fractal can generate an image, resembling 

the creativity of ancient cultures and thus look aesthetically pleasing. In fractal Celtic 

artwork generation, there was applied Hata-Hutchinson method of fractal model 

generation. 

Hata-Hutchinson's model (Day, 2016) uses such objects for fractal creation as Bezier 

curve, triangles and dots. Simple geometric objects are created from points connected by 

straight lines. Obtained objects have an initial set of points, which in the process of 

iteration create a new object and a new set of points. The final structure of fractal will 

resemble original objects with some transformations in the form of zoom or reflection. 

There is a possibility to use additional formulas for a fractal model generation due to 

potential unpredictability factors in object transforming. They can be almost identical to 
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some of them but are responsible for converting other objects, providing greater control 

over the formation of fractal images. Simultaneously, Bezier curve is a geometric object, 

calculated by several points and passing through them by segments. Specified curve points 

are necessary for creating a new fractal and finding a set with reference points to generate 

segments. The more points are used for the curve, the smoother the final curve will be. In 

the experimental part, there was used improved cubic Bezier curve developed by 

Murayama (1990). It differs from a usual cubic curve because of the possibility to design 

many variations of the curve through the reference points without changing points' 

position, creating smoother lines. Moreover, the curve can go beyond specified segments. 

In practical terms, there were used two improved Bezier curves and an extended version of 

the Hata-Hutchinson model to create a Celtic based fractal. According to the results, the 

fractal image was created based on a single geometric object, using the transformations of 

scaling, rotation and color changes. Notwithstanding, Celtic fractal images are not repeated 

usual patterns of this culture. It is quite possible that using a combination of different 

geometric objects can produce an authentic artwork. 

The cloud model might be used to create visually pleasing fractal images (Wu, Zhang and 

Yang, 2016). This model is a tool in the fuzzy theory for uncertainty analysis. Cloud model 

is used in several fields of activity, whether it is working with artificial intelligence (AI) 

(Li and Du, 2007), image rendering (Wu, 2018) or knowledge representation in a particular 

software application. 

The idea of a cloud model is in use of probability and statistics for the generation degree of 

element casually accessory. Also, it considers indistinctness of linguistic concepts and 

realizes them with quantitative examples. A result of a cloud model allows a programmer 

to identify and measure possible deviations from a random phenomenon if it does not 

satisfy strictly normal distribution. For a model takes the universe set (U), having been 

described by exact numbers. Another parameter (C) is the quantitative concept associated 

with this set. It includes three numerical characteristics: expected value (Ex), entropy (En) 

and hyper-entropy (He). All three characteristics promote the cloud model to generate the 

degree of element randomness. The model also has an interaction between the universe set 

and a given number (x). This parameter is called cloud drop, where the degree of random 

variables belonging to interval [0, 1]. Distribution of cloud drop throughout universe set is 

called cloud model. 
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For x ∈ U, which randomly performs a quantitative concept C, parameter x satisfies the 

condition x ∼ N( Ex, 𝐸𝑛′2). Transporting entropy is equivalent to the following meaning: 

𝐸𝑛′∼ N( Ex,𝐻𝑒2). The degree of reliability of the given number x on concept C is defined 

in Equation (2). 

𝜇(𝑥) = 𝑒𝑥𝑝 (
−(𝑥 − 𝐸𝑥)2

2𝐸𝑛′2
).  

(2) 

As with Celtic artwork, Wu, Zhang and Yang (2016) used simple geometric shapes to 

generate a visually aesthetic image. At the start, the programmer creates many objects as 

circles. The article took a concept of bubble art, which is an algorithm for the fractal-like 

generation of images from random hierarchies. The first geometric object has an original 

size and color. Subsequent objects have changed parameters so that final image can attract 

the viewer. Cloud model is applied for greater control of image design, such as how 

objects will be distributed. 

During the experiment, were analyzed the visual effect and visual impact of cloud model-

based bubble art. The visual effect of fractal was determined by color palette, degree of 

transparency and type of circles. The visual impact was based on several generated objects 

and obstacles presence. Aesthetic fractals generation used 4 color templates, 5 types of 

geometric objects, 4 groups with a different number of circles and 4 obstacles. Based on 

obtained data, it turned out that the most attractive color pattern is the use of light and 

warm colors (hot, summer). On the other side, with blue and red in Hsv and jet palettes, it 

is difficult to achieve an aesthetic result on original black background. The usage of 

another background contributes to a more impressive effect. By using additional color 

coding, a programmer can create a certain level of transparency for some shapes. In 

summary, the picture looks like flashing neon lights. Object shape may use a more 

complex geometric figure or loaded image. However, in Yin Yang case, the color was not 

very suitable and the final result looks overwhelmed. While the algorithm is based on a 

hierarchical one, the subsequently generated objects change their color and size. The radius 

of distribution is not uniform and the final result looks attractive despite the number of 

circles. Employing obstacles demonstrates how this algorithm can easily control circle 

distribution in space.  If a programmer wants to give fractal a certain shape, they won't 

have any serious difficulties. 
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Some aesthetic fractals created in two-dimensional space. Nevertheless, a programmer may 

generate pleasant mathematical fractal sets in 3d to give the image volume and depth. In 

this way, designers and artists can create a more complex and at the same time attractive 

structure of the picture. Nikiel (2006) used iterated function systems (IFS) to develop good 

vector models. IFS is a tool for fractal structures using affine transformations. These 

transformations represent each plane on a certain one while maintaining the peculiarities of 

the construction and direction of all lines (Hazewinkel, 2007). With its many combinations 

of object transformation as rotation or scaling, the system creates a self-similar object from 

a simple shape that preserves the distance between points.  

With IFS the author used vector recursive rendering (VRR) algorithm to create a three-

dimensional fractal. The idea of this algorithm is to convert only two points that define the 

vector. Vector is calculated more easily than an ordinary geometric shape from several 

points, and then it is joined to the vector model. Nikiel (2006) sets the coordinates of the 

two points and the recursion number, creating a fractal object for a limited time. 

Nonetheless, at each recursion, the distance between points is reduced what makes it 

impossible to build the algorithm without normalization of vectors. During the article 

research, there was built one fractal algorithm with different normalization coefficients - 

80%, 100% and 110%. The lower the normalization coefficient, the clearer the final image 

looks. Thus, the programmer should carefully approach this parameter to create an 

acceptable image. 

During article research, several vector fractal algorithms were created. Some of them used 

flat geometric objects: circles and lines with one attractor. The three-dimensionality of the 

finished image is realized by superimposing one object on another. Color is distributed by 

distance - the closer the object is to the viewer, the lightful it is, while in the background it 

is colorful. The fractal's front part is not just a white area but has tones and semitones. This 

gives the object more detail and attractiveness. Nikiel (2006) used spheres, cube, pyramid 

and polyhedron for three-dimensional fractal generation. As a two-dimensional image, they 

also used the same attractor. They produce different results as figures have form 

differences. If there are more faces, the final image looks less clear than for the sphere or 

pyramid. In some cases, the final result's impression depends on the lighting. A fractal with 

a polyhedron is less attractive because of the “shine” that was created by the illumination 
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of several sides of the figure. In further artworks, it is might be possible to apply vectorial 

structures and different directions of light, doing a fractal composition even more diverse. 

 

2.3 Natural properties of fractals. The positive influence of aesthetic fractals on 

human psychological state 

In town, an individual constantly faced with tense situations that cause stress and anxiety. 

When these two conditions frequently occur and last for a long time, a person's working 

capacity decreases. Furthermore, his body's functions are impaired up to weakening the 

immune system. One of the most effective ways to reduce stress is in contact with nature. 

Periodic walks in the forest, garden or park reduce psychological fatigue and improve 

physical and mental health (Ewert and Chang, 2018). However, with busy schedules of 

work or study, an individual cannot reduce stress and anxiety. That is why people began to 

create special premises where a person can restore his psychological state using virtual 

reality. 

Dalton (2016) is exploring the possibility of using fractal images to create a “restorative” 

environment. The author considered Attention Restoration Theory (ART) as a basis. This 

theory is based on the fact that during a long period for the task, a person spends his 

attention. After doing this work, he may be mentally tired. Thus, the person becomes less 

effective when carrying out a given task. If he performs another task in this condition, then 

the mental effort will be directed not only at work performance but also to eliminate 

distractions and emotions. ART involves the use of a natural environment for the sake of 

mental fatigue. Such environment should correspond to some characteristics. First of all, a 

given environment must differ from the usual environment physically or conceptually. It 

also contains patterns that attract the human eye and be more compatible with his interests. 

When a person switches attention to delightful things taken away from their daily tasks, 

they may have a chance to meditate. It's a good idea to spend time in nature or even look at 

scenes of nature where human concentration improves. 

Apart from beauty, fractal images can have a positive effect on a person's mental state. 

Such natural objects as landscapes, plants and clouds have self-similarity features. These 

objects may attract the attention of viewers on their own, without requiring additional 

efforts. Natural images also allow relieving stress. This can be explained by the biophilia 
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hypothesis (Fromm, 2010).  Proceeding from it, a person has an instinctive connection with 

people and other living systems. A person on a subconscious level has positive feelings for 

nature and strives to preserve it. Fractals may adopt qualities from the natural environment, 

thus serving as a convenient material for creating aesthetic images. These qualities are best 

reflected in the third type of fractals - stochastic. A peculiarity of their construction is that 

they are generated by random parameters (Mishra and Mishra, 2007). Parameters change 

their meaning at each  iteration and modeling more expressive patterns. At the same time, 

stochastic fractals can attract people even if they do not look like ferns or coastlines. The 

reason is in the finished image complexity and its “natural” beauty as in natural objects 

(Dalton, 2016). Scott Drave’s stochastic artworks makes the image bright, saturated and 

varied (Figure 3). 

 

Figure 3. Electric Sheep fractal 

The author applies useful properties of aesthetic fractals for their program. Combining 

fractal image and animation with music or nature sounds, it creates an area where a person 

can feel comfortable. This allows not only relieve stress but also treating some diseases, 

such as Autism Spectrum Disorders. Averchenko, Korolenko and Mishin (2017) have 

shown that fractals can relax the brain. This happens due to the self-similarity of spatial 

spectra and their high degree of resistance to structural distortion. Consequently, the brain 

visualizes images with minimal time and energy consumption, causing a person to feel the 

beauty and positive emotions. 
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2.4 Non-photorealistic image rendering with fractals 

From image processing it is possible to benefit an attractive fractal images. Picture 

processing with various filters has become popular among photographers, bloggers and 

social net users. Such applications as Instagram, Exposure or Hipstamatic use filters and 

effects. Filter changes color transitions and color ratio, brightness, sharpness, and contrast 

of the image. Glare, snow or fire effects may add new detail to the picture. Using these 

features correctly can make the image more eye-catching. 

Non-photorealistic rendering (NPR) can also be referred to as artistic processing. Unlike 

the previously discussed methods, the final image imitates a certain visual style. After 

processing, it looks as if it wasn't captured on tape, but drawn according to a certain artistic 

trend (Gooch and Gooch, 2001). Over time, fractals have also been adopted for NPR. As 

an example, Mik Petter created a digital artwork based on Jupiter photo (NASA, 2017). He 

used a part of a picture to make the drawing look more attractive. This result was unusual 

due to the well-chosen combination of colors and patterns resembling microorganisms.  

Ashlock and Bryden (2006) are considering using rendering to create stained-glass 

windows with fractals. Voronoi diagram is being applied as the main tool. It represents a 

plane division into many areas where each area has one closest point to another (Preparata 

and Shamos, 1988). This diagram is suitable for many areas where it is necessary to split 

the plane into several fragments (Ashlock and Bryden, 2006). At the beginning of the 

simplest construction algorithm, a defined number of points are projected on the plane. A 

straight line is drawn between the two nearest points p and q. In the middle of the segment, 

we create a perpendicular that divides it into two half-places. Area p acquires its shape 

after the intersections of all half-plane for this point are found. The whole plane covers a 

certain set of geometric shapes: triangles and other types of polygons, and each one are 

painted in its color. A point itself will not be in the center of its shape because the distances 

between p and the nearest points are different. The resulting image resembles a 

multicolored mosaic with different sizes of tiles.  

However, this algorithm has a disadvantage. This is important for image rendering, as 

different background brightness can distract attention from the ornament. The total areas 

are not evenly and curved, so the picture is not beautiful. The authors used a Voronoi 

weighted diagram to create a stained glass image. Its differences from the usual one are 
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because the weight parameter is applied to each point of area. The higher the point weight, 

the smaller size of its shape. The same applies in the opposite direction. Some figures in 

the diagram are no longer an object consisting of polygons. Edges of such figures represent 

a closed curve or an arc with straight segments. Weight distribution in each figure 

minimizes the image brightness dispersion. This is important for image rendering, as 

different background brightness can distract attention from the ornament. 

Fractals are used to create textures. In many stained-glass windows, glass is not 

monotonous as it may contain several colors or have reliefs, thus making the composition 

more interesting.  Principles of Gaussian hills were chosen for the color distribution 

process. The object is a step function with vertical offsets based on the Gauss distribution 

principle. It is positioned at random points in the generated area. All vertical offsets are 

summed up, striving for a normal distribution of the object. In a stained glass filter, the 

height of the fractal relief is converted not into vertical displacements, but color intensity. 

Crater function can be considered as a pattern generation. This function generates an object 

resembling a crater. Since color intensity is determined by height, only crater edges are 

projected on the object. 200 craters of different sizes, brightness and location were 

generated for a better look. All vertical offsets are scaled according to the average value of 

a figure's color, to ensure that circles color does not differ greatly. 

This method of image rendering was used to process 4 images of different sizes and 

complexity levels. Each image was rendered 20 times with a different number of generated 

figures and variations of techniques to achieve good results. Yin Yang's figure is the 

easiest of all techniques to remove extreme weight values for the Voronoi diagram, where 

the resulting image has smoother borders. Genus-3 and Torus have volume. The authors 

were studied the optimal number of areas for the first image type. At 480 tiles the object 

looked less clear than at 1000. Moreover, tile growth could better reflect the image 

background and figure volume. Daffodil became the most complex image for processing 

because of a greater number of objects and filling. Despite this, 480 tiles had to be taken 

for this drawing, which is why the final version resembles it only from a certain size or 

distance. If more areas can be used, the image could be clearer and more saturated. 
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2.5 Fractals in design 

Aside from image processing, fractals are a part of the design industry. Designers, 

architects, and artists use heuristic principles to create a positive effect on viewers. As an 

example, they can use a golden ratio what similarly to fractals and which may lend design 

objects to become self-similar. Therefore, fractal may be combined with some design 

spheres for creating interesting compositions. 

Wang et al. (2019) examine the fractal theory and Lindenmayer system (L-system) to 

create attractive ornaments for clothing and accessories. Fractals can be deterministic and 

non-deterministic. Non-deterministic or stochastic fractals have a combination of forming 

rules in which each fractal element has statistical properties (Demenok, 2011). In the end, 

this fractal image has no symmetry, because the generation process is unpredictable. On 

the other hand, determined fractals are those that are self-similar at all levels. The 

construction algorithm remains unchanged even if random factors are added. 

In both cases, there is one possible way to create an image with the L-system. Its essence 

consists of rewriting of line elements. Part of the initial object is replaced by some rules, 

making it more complex. The simplest system as the DOL-system, have the next principle 

of work. There is some set of symbols accepted to name an alphabet. The axiom or an 

initial string of several alphabet letters is specified. Other lines are rules at which system 

will accept particular kind. One method of visualizing fractals in the L-system is a turtle 

chart. The initial position of turtle is determined by the coordinates x and y, while α 

determines the angle of current movement direction. At a given axiom and rules, it changes 

rotation angle δ and length of step d. If it takes several iterations, has a compression ratio 

and angle gain, the chart will be transformed into a fractal one.   

L-system fractals and Julia set were chosen to create a pattern for factory fabric and silk 

scarves. Flower motifs have been used as a basis for this because they are widely used in 

design and flexible to create ornamentation (Wang et al., 2019). In addition, many natural 

objects can be self-similar. Therefore, fractals may fit well into the creation of beautiful 

compositions for clothing and accessories. L-systems can produce figures with thin 

structures, including plants and trees (Prusinkiewicz and Lindenmayer, 1990). This feature 

allows the drawing of organic geometric shapes. MATLAB software can be created 

patterns of different types: individual, suitable and continuous.  
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The individual pattern is universal and can be used independently of other patterns. When 

combined with other patterns, it becomes suitable or lasting. In a suitable combination, 

merging several patterns creates one large object filled with flowers and beautiful shapes. 

These two kinds of patterns maintain symmetry and/or balance in size and color. The 

continuous pattern has a simple structure and occupies two or more sides of the fabric, 

forming a beautiful frame or lace. Each pattern combination is embodied in a specific type 

of fabric, size, and shape. As a result, the final products looked attractive. However, the 

ornaments created by L-system look weaker than those generated by Julia set. There are no 

interesting interactions with colors and shapes. In Mandelbrot and Julia fractals, it is 

possible to set a palette of several colors that can be smoothly moved between them. In the 

same way, they have a fancy form that might interest the buyer. Meanwhile, the geometric 

design of L-system does not boast of interesting interactions with color, and the shape 

sometimes looks a little angular. It is possible to improve the design by using a gradient 

that setting an algorithm with a changing color parameter and a greater number of 

iterations. Moreover, it makes the figure smoother and more saturated. 

Yang, Zhang and Li (2008) were also considered for using the L-system in ceramic 

product decoration. As with Wang et al. (2019), it was also based on flowers and plants but 

uses a more natural algorithm. One of the obstacles for beautiful image creation is the 

usage of one construction template. After one iteration, the algorithm returns to the first 

rule of fractal construction and repeats the whole process step by step. If each iteration 

algorithm starts with one of two rules, it is possible to get more attractive patterns in turn. 

Program set a variable showing how many times the algorithm is repeated to avoid 

problems with using several rules. It allows determining which rule is used in the current 

iteration. The F and R alphabet symbols can be used to set colors. In the end, with the color 

rendering algorithm designer get a colorful image. 

In fractal design, there was also considered to apply the previously mentioned cloud model 

for making fractal images more aesthetically pleasing and colorful. A peculiarity of the 

model lies in finding the generated drop to create a new group. The process is repeated 

several times, thus generating a similarity to the cloud. Application of cloud model for L-

system makes possible modeling of plant growth and other changing objects. During the 

experiment, there was a simulation of one plant growth. The final result makes good 

impressions. The flower bundle looks puffy and the palette had two compatible colors: 
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green and purple. The color distribution is different than in improved color algorithms. In 

the algorithm, the accumulation of several lines is painted in one color. Using the cloud 

model principle, it selects a purple area in the algorithm, which generates another cluster of 

purple lines. Color for the whole fractal is distributed randomly, making it interesting for 

viewing. Similarly, this method can be used to generate a 3D fractal image in the 

appropriate program (e.g. 3Dmax). 

 

2.6 Summary  

The literature review reveals many different ways of fractal image generation. At the same 

time, they can be improved like in the case of “impossible” geometric fractals or genetic 

methods for Mandelbrot and Julia set. Even though biophilic fractal is less relevant to the 

generation process, it allows understanding the relationship between fractals and nature in 

terms of aesthetics and their positive impact on humans. Relatedly, areas of activity that 

can use the research results have been studied. In most cases, these are connected with 

digital graphics in design. Therewith, all research works have other ways of 

implementation in the digital domain. Table 2 shows all existing and possible options for 

promoting visually pleasing fractal processed images in the creative sphere. 

Table 2. Summary of fractal types, their main and possible marketing use 

Fractal type, 

way of creation 
Authors 

The main way of 

working 

Where else can it be used 

with a fractal-treated 

image 

Mandelbrot and 

Julia set - escape 

time algorithm 

Cai, Z. and Lam, 

K.-T.A.D. 2013 

Digital graphics 

(coloring) 

3d graphics, animation 

Mandelbrot and 

Julia set - genetic 

generation 

method 

Li, M. and Ji, M. 

2015 

Digital graphics 

and design 

Clothes and accessories 

design, interior design 

Geometric 

fractals (Koch, 

Sierpinski 

Peano–Gosper 

curve and etc.)  - 

Browne, C. 2007 Art with optical 

illusions 

Clothes design 
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“impossible” 

figures  

Fractals, using 

Bezier curve 

Day N. 2016 Digital graphics 

and design 

(stylization). 

Interior design, book 

design, computer-aided 

design 

IFS fractals Nikiel, S. 2006 Digital graphics 

and design, 3d 

design 

Game development, 

animation 

 

Fractals that use 

cloud model 

Wu, T., Zhang, L. 

and Yang, J. 2016; 

Yang L., Zhang Y. 

and Li H. 2008 

Ceramic design, 

digital design 

Animation, collage, 

interior design, 3d design 

Stochastic 

(“biophilic”) 

fractals 

Dalton, C. 2016 Interactive digital 

media with 

restorative 

environment, a tool 

to handle with 

mental diseases 

Art therapy, screensaver, 

VR, game development 

Fractals made 

with Voronoi 

diagram 

Ashlock, D., 

Karthikeyan, B. and  

Bryden, K.M. 2006 

Image rendering 

(stylization) 

Create a filter for special 

mobile or computer 

applications, interior 

design 

Stochastic 

fractals - L-

system 

Wang, W., Zhang, 

G., Yang, L. and 

Wang, W. 2019 

Clothing design Interior design, book 

design 
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3 SELECTION OF TOOLS AND METHODS 

Visually aesthetic fractal images are generated according to selected programming 

language and applications to work with it as the basic principles in creating a harmonious 

composition. In order to consider the most visual harmonic fractals, which are divided into 

three main groups: 

1. Creation of independent good-looking fractal. It is meant a fractal was generated 

with the color palette or structure for its attractiveness. 

2. Creation of a fractally processed image. In this case, fractal plays an auxiliary role.  

3. Framing an image with a fractal. It is a combination of fractal and picture. The 

image or photo is located in the background, while fractal creates a frame. The 

fractal itself is either colored manually or was generated with additional texture. 

 

3.1 Fractals 

The chapter number two has already considered three fractal types: geometric, algebraic 

and stochastic. Most of the geometric fractals have a simple pattern that is better suited to 

create optical illusions (Browne, 2007) or textile pattern (Wang et al., 2019). Algebraic 

fractals are more chaotic with more interesting ornament. Stochastic ones look more 

dynamic than algebraic and closer to the natural objects. They can also create attractive 

designs (Demenok, 2011). However, geometric and algebraic fractals are easier to 

generate. Each parameter does not change randomly and has a stable developing condition. 

Given this, it was decided to use three fractals of algebraic type (Julia and Mandelbrot sets, 

Newton fractal) and two fractals of geometric type (Apollonian gasket, Kleinian group). 

Mandelbrot and Julia are the most famous algebraic fractals. Newton set generates exciting 

interlacing regardless of the numerator and denominator equation. The selection of the last 

two is made by their basic geometric shape. A circle has a uniform distribution, which 

makes it beautiful by looking at its parts or as a whole (Wilczek, 2015).  

Selected fractal sets have one complex situation. Some fractals are difficult to call 

aesthetically attractive in spite of their interesting patterns. In this regard, it was necessary 
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to improve them. Each fractal will be analyzed with its features and a possible way of its 

improvement. 

 

3.1.1 Julia set 

This fractal is named after its creator, the French mathematician Gaston Julia. Julia set is 

borderline for filled Julia set, where a set of starting points do not aspire to infinity 

(Demenok, 2011). The fractal has a very simple construction Equation (3): 

𝐹𝑛+1 = 𝑧𝑛
2 + 𝐶.  (3) 

Julia set looks very interesting on its own because of the whirls. For this fractal 

programmer may change the conditions of variable C (the value of starting point 𝑧0). It 

makes the image more attractive. The most beautiful sets appeared if they are deformed 

and located “at an angle”. In this form, they have more colors and patterns. With a certain 

C value fractal splits into several small parts and creates Fatou domains. The iteration 

trajectory of points does not change significantly when initial conditions modify in some 

small vicinity of a starting point. Figure 4 demonstrates Julia set with Fatou domains. Such 

a result leaves a positive impression for the viewer. 

  

Figure 4. Julia set with Fatou domains 

Since the research task involves working with photos, it is reasonable to place two 

reflected fractals on image sides. This will provide a better focus on the center. Frame 
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generation must include circular symmetry and changes in angle. The border pattern will 

not be modified, but inside of fractal will be added an interesting color pattern.  

 

3.1.2 Mandelbrot set 

Mandelbrot set is the most famous fractals representative. Its formula is identical with Julia 

set, but variable C forms a connected space. A fractal forms a figure that cannot be 

imagined as the sum of several parts, separated from each other (Muscat and Buhagiar, 

2006). Whereas Julia set variable ranges from -0.75 to -1, it generates a symmetrical figure 

that very similar to Mandelbrot set (Figure 5). It can be said that Mandelbrot set is a 

shortened part of Julia set. 

 

Figure 5.  Julia set with value C=-0.75 

This fractal is more difficult to deform than Julia. At the same time, it can increase its 

order. The classical second-order mathematical fractal set does not look aesthetically. 

Third-order fractal will look more symmetrical (Figure 6). Starting from the seventh order, 

fractal forms a flower shape. However, the higher the order level, the more difficult it is to 

perceive. The second feature of Mandelbrot set is expressed by color zones. Typically, the 

fractal has clearly defined boundaries. The closer the zone is to the fractal, the smaller and 

lighter it is. In certain configurations, the color in these areas may differ. 
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Figure 6. Third-order Mandelbrot set 

Improving the Mandelbrot set requires solving the problem of order and color zones. The 

best solution is to create a third-order fractal and rotate it 90 degrees. Notwithstanding, a 

fractal pattern does not look too attractive. Based on researches by Wang et al. (2019) and 

Yang, Zhang and Li (2008), it is possible to reflect a part of the second-order fractal to 

form a natural object in the form as a butterfly. This is ideal not only for creating an 

aesthetic fractal but also for framing. For color zones, a smoothing algorithm can be used 

to make the composition work better. If this is difficult to do, the other option will be 

interestingly practicing the transition between zones. 

 

3.1.3 Apollonian gasket 

This geometric fractal was named after the Greek mathematician Apollonius of Perga 

(Satija, 2016). He is known for his task of building a circle around the other three circles. 

The task has eight solutions, two of them either draw a circle between the three circles or a 

circle containing these circles. These two solutions are the basis of Apollonian gasket. 

Furthermore, the gasket uses Descartes' theorem as a basis. The idea is that for any four 

mutually concerning circles their radii satisfy some square Equation (4). Variable 𝑘𝑖 

denotes circle curvature. Knowing three main circles values this formula help to find for 

the fourth one. Graham et al. (2003) studied the Apollonian fractal and revealed that if four 
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tangential circles have whole values of curvature, he other generated circles also have the 

whole curvature. 

(𝑘1 + 𝑘2 + 𝑘3 + 𝑘4)2 = 2 (𝑘1
2 + 𝑘2

2 + 𝑘3
2 + 𝑘4

2
). (4) 

This mathematical set is constructed from a large circle and several main circles within it 

(Figure 7). They can be from two to four, with equal or different diameters. Each of them 

touches the other two. The next step is generating smaller circles, which touch the other 

two. The process is repeated until the outer circle is filled. 

 

Figure 7. Apollonian gasket 

The main shape develops an interesting ornament. In certain proportions, the fractal will 

resemble a crescent moon with connected ends. This shape is suitable for textures or 

simple drawings, but not for photos with a large number of details. In the coding of 

aesthetic images, this fractal set should be combined with the Ford circle. The principle is 

the same as for Apollonian, it takes two parallel lines filling instead of a circle one. This 

frame will be better suited for the third group. Additionally, it should work with different 

coordinates and scale to find a good combination of patterns and photos. 

 

3.1.4 Kleinian group 

An Apollonian gasket is a variation of the Kleinian group with a limit set (Wolfram, 2002). 

Despite its name, the creator of this fractal type is French mathematician Henri Poincare. 
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In mathematics, Kleinian group is a subgroup of Mobius transformations, a fractional-

linear transformation of one complex variable, not equal to zero. Using the Equation (5) 

programmer can create Mobius maps, where parameter 𝑓(𝑧) is replaced by 𝑇(𝑧). Equation 

converts a map so that its shape is symmetrical and self-similar (Mumford, Series and 

Wright, 2002). 

𝑓(𝑧) =
𝑎𝑧 + 𝑏

𝑐𝑧 + 𝑑
,     𝑎, 𝑏, 𝑐, 𝑑  ∈ 𝐶, 𝑎𝑑 − 𝑏𝑐 ≠ 0. 

(5) 

There are several varieties of Kleinian groups. This research considers the quasi-Fuchsian 

group as it creates an interesting pattern and has space to work with a frame at the same 

time (Figure 8). Pattern contour is programmed in such a way that it does not intersect with 

itself during a continuous cycle. The limit is set by the Jordan curve, where a closed curve 

divides the subspace into two parts: external and internal (Mumford, Series and Wright, 

2002). Mask variables consist of matrices and use complex conjugate formulas. Increasing 

the number of variables contributes to a better-detailed fractal, but it can take a long time to 

generate. Leys (2017) accelerated the generation process of Kleinian group by determining 

point’ affiliation with the limit set.  

.  

Figure 8. Quasi-Fuchsian Kleinian group 

This fractal type is difficult to improve. By contrast with Mandelbrot set, Kleinian fractal 

will retain pattern to any extent. Possible improvements are related to either combining two 
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swirls or trimming them. Both options are well suited to frame compositions. As for the 

first group, it is worth trying to leave only two swirls and change their location and scale. 

 

3.1.5 Newton fractal 

Newton's algebraic fractal is represented as a set of points in a complex plane. It develops 

by using Newton’s method which idea in number calculation to find a given function root 

due to a simple iteration. Determination the root’s revised value for one point, it is required 

to know all functions' values of the related second point. Equation (6) allows the 

programmer to find a root point and repeat the algorithm for searching the next ones. 

𝑧𝑛+1 = 𝑧𝑛 −
𝑓(𝑧𝑛)

𝑓′(𝑧𝑛)
. 

(6) 

Newton's fractal classic view expressed as a cubic equation 𝑧3 − 1 = 0. It divides the 

image into three equal parts (Figure 9). Each part has one border with the other one and 

one attraction area. Border internal pattern has this construction principle: where two 

colors are planned to connect there is always the third. When the pattern is shrinking, 

borders constantly reproduce part of themselves (Demenok, 2011). Boundaries uniformity 

is achieved only with the whole value of the variable n. Otherwise, there will be a shift in 

borders. In some cases, it could generate an attractive ornament. 

 

Figure 9. Newton fractal 
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Creation of aesthetic Newton fractal there must be used more complex patterns. A 

programmer has to select equations and their precise derivative values. If a derivative is 

found incorrect or does not correspond to the original equation, the boundaries are 

distorted. In many cases, this leads to non-aesthetic results. Chosen equation and derivative 

determine the number of color channels. That is why it is very important to choose the 

most compatible colors for each formula, as it also changes the perception of the general 

palette. Fractal generation and procession presume that the location can be centered or not. 

For the third group, the fractal motif should be placed on its sides so that the viewer can 

focus on the center. 

 

3.2 Programming language and applications 

The GLSL programming language was used for aesthetic fractal image generation. GLSL 

uses some aspects of C++ programming language: program execution, syntax, keywords 

(Astle, 2006). An example of a simple program code is shown in Figure 10. This code 

defines parameters for RGB in color variable (col) and fills the whole area in blue. 

 

Figure 10. GLSL code 

The main objective of GLSL is working with shaders. Shaders are programs that convey 

the visual properties of the object by lighting and coloring. They are used not only for 

image processing but also for creating animations and objects with extensive use of 

geometric transformations (Wolff, 2018). Shaders use the capabilities of a graphics 

processing unit (GPU) to create an image. Here is a small example. The programmer wrote 

a simple code what color the background in orange. A central processing unit (CPU) will 

paint only one pixel, repeating the code several times until all pixels become a single color. 

This operation will last for several minutes. If programming language uses the GPU, it will 

increase the capacity and significantly reduce the code execution time. The device contains 

several cores, enabling a program to paint several pixels at once and decrease the number 

of loops. Although more sophisticated mathematical formulas will be used, GPU can 
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process these operations faster because it uses its microchips rather than software (Vivo 

and Lowe, 2015). 

There are two types of shaders: vertex and fragment. Vertex shader operates with vertices 

characteristics of a two-dimensional or three-dimensional object. Meanwhile, fragment 

shader handles the processing of two-dimensional image fragments - pixels (Matsuda and 

Lea, 2013). Since this research involved image processing, all artworks use fragment 

shader. As for special shader, editors were operating Shadertoy3 and GLSL Sandbox4. Both 

sites provide an opportunity to create a shader code without registration. The encoding 

process is almost identical except for some uniform's name. This research was done with 

Google Chrome and Mozilla Firefox. 

 

3.2.1 Shadertoy 

Shadertoy has been applied most often as it has more functions and a rather convenient 

interface (Figure 11). The website allows using images for fractal processing. Each image 

stands in one of the four channels and each of them can be adjusted according to the 

programmer’s preferences. Apart from the picture, the program may download a music 

track, short animation, and three-dimensional maps. If code has animation commands, the 

application can play it, pause, return to the beginning of playback, record and save in 

WebM format. The coding window can change the font size for more convenience. The 

programmer clicks on Compile button to start the code. If a mistake was made while 

writing the code, Shadertoy will display a message with a hint under the required row. The 

website has a large shader library. When programming is difficult, the user can enter a 

keyword in the search box and find similar codes. 

 
3 https://www.shadertoy.com/ 
4 http://glslsandbox.com/ 
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Figure 11. Shadertoy programming interface 

The main disadvantage of this application is the lack of final image quality settings. 

Fractals may look a little blurry. Also, the site will not allow uploading input images 

without a special add-on. After installation, the programmer should take into account the 

size and quality of the original pictures. Display window has a fixed size and possibly, the 

image will be extended to fill the whole area. Therefore, additional calculations are 

required to optimize the background image. If photo or texture with a very small size, a 

programmer should find it with more clarity or alternative one. Otherwise, image 

deforming size of the original pixels will increase and spoil the beauty of the final image. 

 

3.2.2 GLSL Sandbox 

GLSL Sandbox is simpler than the Shadertoy. It is completely devoid of photo or video 

functions. Despite its large library, there is no shader search field. Users should browse the 

site pages to find interesting works. The demonstration window is not separated from a 

code entry window and located behind it (Figure 12).  It can cause some inconvenience as 

it is easier to see results, not as a background. On the other side, a programmer can change 

the image size by controlling the browser window. Shader code can be hidden to see an 

image in a higher resolution. 
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Figure 12. GLSL Sandbox programming interface 

GLSL Sandbox has an advantage over Shadertoy in picture clarity. Programmer configures 

it in 0.5, 1, 2, 4 and 8 positions. The smaller the number, the greater the level of shader 

clarity will have. When an image is animated, with high clarity its speed will decrease due 

to the higher workload on a graphics card. Another useful feature of the app is the process 

acceleration. A program detects errors in the code and shows where it is without fixing 

recommendations. If the shader uses animation, it plays immediately. The pause function is 

absent and this cannot reduce GPU workload.  

 

3.3 Basic design principles 

Programmer should apply different design principles to get a desirable response from the 

audience. According to article analysis and features of each chosen fractal set, the 

following tools and rules were used to create aesthetic fractal images: 

1. Color wheel. Arrangements for creating harmonious colors. 

2. Symmetry and asymmetry. Rule of proportions. 

One principle helps to improve artwork perception. If programmers take a few design 

rules, they will get a wide range of aesthetic fractals. In such a case, they must carefully 

watch the balance of these rules if the final picture does not feel heavy and not very 

impressive. 
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3.3.1 Color Wheel 

Disadvantages of Cai and Lam's (2013) research was the poor combination of Mandelbrot's 

fractal colors. With second-order, program generated shades of purple and blue. They fit 

well with each other due to their proximity to the color spectrum. From the third-order, 

fractal also got orange and green. Then Mandelbrot sets look less aesthetically pleasing 

because the contrasting colors do not work well together. Some images by Wu, Zhang and 

Yang (2016) had problems with a background color. Yin Yang's composition has a 

background that is too saturated with blue. Viewers may feel an additional burden on their 

eyes, as they find it harder to distinguish between background and main ornament. If the 

background would be lighter and better-suited color, the composition would look different 

and more appropriate. In another sample, the authors used the Hsv color palette and black 

background. The basic color of circles is dark blue and it is more difficult to see them 

against this background. The color wheel helps to avoid such situations. 

During his experiments, Newton (1704) discovered that trihedral prism divided light into 

several color rays. He displayed color systematization as a circle with seven main colors: 

purple, indigo, blue, green, yellow, orange and red. Over the years, Newton's color circle 

has been improved by Goethe and Runge. Today artists and designers apply Itten’s color 

wheel (Figure 13). The circle is divided into 12 sectors with a group of primary colors (red, 

yellow, blue) and secondary colors (green, orange, purple). The other six sectors named 

tertiary colors, which are a mixture of primary and secondary colors.  

 

Figure 13. Itten’s color wheel 
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In aesthetic fractal image generation, designers should choose harmonious colors. This 

implies a combination or order of colors that are mixed to produce a grey color (Itten, 

1974). There are several orders for harmonious combinations. Current research involved 

only three suitable combinations: complementary, analogous and triadic. Complementary 

uses two opposite colors from the primary and secondary spectrum. Analogous includes 

primary, secondary and tertiary colors lying next to each other. A triadic combination is an 

isosceles or equilateral triangle. An isosceles triangle is built on two principles. The first 

one is similar to analogous, however, the “average” color is located on the opposite side of 

the wheel. The second case is when two colors are directly opposite and the third one is 

equidistant from them. An equilateral triangle applied only primary, secondary or tertiary 

colors.  

Colour wheel assists in determining the best color combination. Nonetheless, the color has 

parameters that make the image more variable: hue, saturation, and lightness (Sutton and 

M Whelan, 2017). Hue is responsible for the color itself and divided into two categories: 

primary and secondary colors are called chromatic; black, white and shades of grey are 

called achromatic. Saturation means the intensity of a certain chromatic tone when mixed 

with achromatic colors. The less the amount of grey impurities in color, the more saturated 

and pure it is and vice versa. Lightness characterizes the proximity of chromatic and 

achromatic color to white. It's required that with Itten's color wheel research should use 

Runge color sphere or Munsell color tree. 

 

3.3.2 Symmetry and asymmetry 

The creation of a good fractal composition is not limited only by the choice of a color 

palette. The position of image objects plays a big role in perception. Designer follows the 

rules of symmetry and asymmetry to create a lively image. 

Symmetry creates a balance between mass, color, shape and tone of an image. This is 

inherent not only in painting and architecture but also in nature and science (Lederman and 

Hill, 2011). For design are used three types of symmetry: reflection, rotation, and 

translation. Based on its name, the first type display reflects for right and left sides of the 

picture. Reflection can be horizontal, vertical or both. In rotational symmetry, all objects 

must be equidistant from the image center. Objects themselves can be located at different 
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distances. Translation creates balance by repeating elements at equal intervals. This type of 

symmetry allows creating dynamics and rhythm. 

A programmer may easily achieve symmetry. Programs can calculate very accurately, and 

if the final result seems curvature is simply fixed with code corrections. It is practically 

impossible to do it for a photo, an artwork or an architectural object. The structure will be 

mirrored in general terms, but there are slight differences on both sides. This composition 

is called asymmetry (Lexico, 2019). Deviations create more dynamics, making it more 

interesting for viewers. If opposite sides have strong differences, the image becomes 

asymmetrical. Asymmetric works have more freedom in choosing the color, location of 

objects, their size and so on. At the same time, it is harder to achieve a visual balance.  The 

research used the rules of proportions to improve the perception of asymmetrical fractal 

images. 

The previous chapter mentioned the golden ratio rule. Two parts have a percentage of 62% 

and 38% respectively. This data was used to calculate the filling volume of two different 

textures. Apart from the golden ratio, the rule of thirds was applied as well. It is often used 

in photography, film, paintings, and design (Meech, 2006). Photos use a grid that dividing 

them horizontally and vertically in three equal parts (Figure 14). A rectangle is formed 

inside. Better aesthetics properties required to place important objects on rectangle corners. 

In research, was also applied the ratio of  2:3 to 1:3, for a fractal image with textures. 

These rules have been neglected for a framework because not all of them look attractive at 

these ratios.  

 

Figure 14.  Photo, that using the rule of thirds (source: Photography Mad) 
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4 GENERATION AND EVALUATION OF FRACTAL AESTHETIC 

APPLICATIONS  

After defining the main types of fractals, programming language, and applications, it is 

time to begin the process of fractal image creation. As it was discussed in the research 

design, selected fractals passed the stage of coding, selection, and evaluation. All steps are 

marked out and presented in this chapter. 

 

4.1 Creating aesthetical fractal images 

Besides mathematical formula, special coding features of each fractal has to be taken into 

account. For example, code for Mandelbrot and Julia set is easier than for Newton or 

Kleinian. In the basics of fractal shaders were decided to take some parts of code from 

Shadertoy users.  The set of algorithms5 developed by Leys (2017) was used since he 

opened a way for Kleinian group's fast generation. Fractal is presented as a canvas, 

reminiscent of Ford circles peculiarities. To implement Apollonian gasket the algorithm 

code from Gijs6 has been taken. To implement Newton type of fractal the code of user 

"tholzer"7 has been used and upgraded. Some of Newton codes use roots as coloring and 

pattern generation which makes it difficult to adjust it for study tasks. tholzer’s code has a 

more convenient form for writing the formula, it is derivative and degree calculation. This 

allows for quick insertion of the appropriate values. 

In the beginning, it is important to specify an algorithm for building the entire fractal 

contour. At this stage, the code is written and checked for errors. After that, the basic code 

was adjusted for better aesthetic fractal visual properties. Lines of code (LOC) are 

specified in certain places so that they do not lead to errors in the whole algorithm. Then 

the fractal coloring comes as the next step. Here it is specified not only the basic set of 

colors but also their transition and pattern generation to make the final result more 

attractive. Codes are viewed again to identify inaccuracies or extra LOC. Programming 

results of main fractal forms can be seen in Appendix A. 

 
5 https://www.shadertoy.com/view/MtKXRh 
6 https://www.shadertoy.com/view/XtGSR1 
7 https://www.shadertoy.com/view/ltB3WW 
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While working with the first group of fractals it was noticed that GLSL Sandbox may not 

display some of them correctly. When generating Apollonian gasket, in a preliminary 

demonstration object was shifted to the left (Figure 15). In the fullscreen mode the code 

was displayed right (Figure 16). The problem was identified within several browsers. 

 

Figure 15. Fractal displaying in window mode in GLSL Sandbox 

 

Figure 16. Fractal displaying in fullscreen mode in GLSL Sandbox 

The “texture” command is used to integrate a photo or drawing. It takes an image from the 

selected channel and integrates it in a fractal. Because of the built algorithm, a photo can 

give different results. It may be using an image palette for fractal painting or processing 

photos with some distorting effect. A variety of patterns for a certain fractal type is 

achieved by changing the code responsible for color. Another option was changing the 
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scale, position or shape. During the whole time working with the second group of fractals, 

Mandelbrot and Julia have shown the best results. Interesting outcomes are also shown by 

Apollonian. In one way it uses a color palette while for others it multiplies and deforms the 

original picture, making the overall pattern like glass. Newton fractal slightly deforms the 

image, but the main pattern is almost invisible. With Kleinian, impressive results have not 

been noticed. All second group fractals are presented in Appendix B. 

In working with Julia set there was an interesting feature in the final image demonstration 

for different Google Chrome states. Initially, it was set 11 iterations. Parameter m2 in 

Table A.3 sets the uncertainty area. In the final image, it is presented in black. If Google 

flags parameter “Choose ANGLE graphics backend” has a standard resolution, then with 

texture black area turned into a kind of frosted glass. However this only works with 

internal textures. When trying to use the loaded textures, the image is not displayed. If a 

flag is set in OpenGL mode, a black background is replaced by an average color of the 

picture and it is possible to display results for other textures. More clearly it is shown in 

Figure 17 and Figure 18. Consequently, it was decided to reduce the number of iterations. 

With an iteration index that is equal to 4, the uncertainty area is reduced to a minimum and 

creating flower pattern (Table B.7-B.8). 

 

Figure 17.  Julia set with default settings 
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Figure 18.  Julia set with OpenGL settings 

In the case of the third group, the image is not deformed but used as a background. At this 

process, it is necessary to specify a separate variable what responsible for the 

normalization of pixel coordinates. If code using the same variable for fractal and 

background, the image will be deformed. Fractal codes were changed to generate some 

versions of framing. Combining photo and fractal requires mask creation. They are 

generated by two principles: creating an area for image visibility or replacing background 

color by image. As for Apollonian, there was a circular mask as color removing caused 

loss of fractal frame (Table C.8). Therefore, this mask is well suited for this fractal set. 

Other fractals use a color substitution mask. Kleinian fractal can also provide a more 

transparent frame (Table C.9). In contrast to the second group, fractals of all types can 

work with frames. They are shown in Appendix C. 

There were two methods of working with the first type of mask. In the first case, frame is 

colored background image by its average palette color. This reminds some kind of color 

filter (Table C.1). Additional commands in mask algorithm exclude this filter (Table C.3). 

In the second case, the frame used not generated color but another photo or texture. The 

fact is that the colors from the first fractal group are not suitable for all photos. At the 

coding process, monochrome images are best suited for a standard palette of many Newton 

sets. However, if another image is inserted, it will not be compatible with the original 

colors. Using two harmoniously matched textures will achieve better composition.  
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4.2 Selection of fractal images 

More than 470 photographs and textures were taken during the fractal image generation. 

The main problems of coding with such images are different sizes and formats. Shadertoy 

has a fixed ratio of workspace - 16:9. It will stretch or multiply other ratios images. This is 

critical for background and certain types of third group frames because changing default 

photo parameters can distort the overall viewing experience. Such photographs are kept to 

a minimum. One of Julia's frames uses vertical background pictures. Their pixel 

coordinates have been edited. Photo size could also affect the overall performance. When 

enlarged, these pixels become larger and do not perform well on the final image. Such 

photos were excluded.  

During all work with Shadertoy, 502 images have been created for the second and third 

groups. The first group was generated by GLSL Sandbox and has 5 images from each 

fractal form. The selection was based on better matching colors, textures, and photos. 

Several selected artworks are given in Table 3. 

Table 3. The first selection of fractal images 

Fractal type 1 group 2 group 3 group Total 

Mandelbrot 1 19 5 25 

Julia 1 6 12 19 

Apollonian 1 25 9 35 

Kleinian 1 0 20 21 

Newton 1 0 20 21 

Total 5 50 66 121 

 

As can be seen from Table 3, the fractals of different species are distributed unevenly. 

Apollonian has the largest number of selected images, while Julia has the smallest one. 

Another complication occurs in the total number of pictures. Studies by Schwartz (2003) 

revealed that with a large number of options it’s more difficult to choose. An individual 
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wants to make the best decision. With more options, they spend more time and effort. 

Eventually, they choose less than if there were a minimum of them. For this purpose, the 

total number of each fractal form was reduced to 11 images. Also, some artworks have the 

same background or texture and therefore were excluded. The last criterion for the second 

selection was diversity. Viewers would be less interested in evaluating the same pattern 

several times. To exclude this there was minimizing the number of same ornaments. The 

results for the second and last selection are shown in Table 4. 

Table 4. The second selection of fractal images 

Fractal type 1 group 2 group 3 group Total 

Mandelbrot 1 8 2 11 

Julia 1 3 7 11 

Apollonian 1 7 3 11 

Kleinian 1 0 10 11 

Newton 1 0 10 11 

Total 5 18 32 55 

 

Now each fractal kind has a more equal chance for evaluation. And the total number of 

images will allow obtaining more data. 

 

4.3 Survey 

The next step was to find a way of evaluating the fractal application aesthetic properties. 

The attractiveness of any object is subjective. Therefore, it is necessary to find a more 

objective value. For this purpose, surveys are applied. Advantage of this method will be in 

collecting large amounts of data with minimal financial costs (Saunders, Lewis and 

Thornhill, 2016). They are a set of questions to obtain specific data from people. So that 

there is a need to change the approach for collecting data to consider the specifics of this 
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research work. Instead of asking questions, it is possible to display all images on the 

screen, where respondents will select only the ones they like. By the number of votes, the 

best fractals for each group can be identified to consider their aesthetics. 

Since the research involves working in a digital environment, the best place to conduct a 

survey is a social media object. It involves a large number of communication systems for 

mass interaction between people (Hill, Dean and Murphy, 2013). As one of the tools for 

this media is social networking platforms. This includes Twitter, Facebook, YouTube, and 

many others. The use of social networking platforms allows for quick response and 

dissemination. Moreover, it provides services for many types of digital products and 

interacts with them. 

Among the possible options was the chosen Instagram mobile social application. The 

choice is justified by two factors. The first one is the platform peculiarity. If a survey is 

open, it can be completed by anyone. This is considerable, as it can attract more 

respondents. At the same time error rate grows, while the control over calculation and 

analysis of answers reduces. On Instagram, any action is available only to authorized users. 

This means more control over the process and analysis of received data. 

The second factor of choice was closer contact with potential users. It is assumed that the 

results of this research will be used to create a graphic filter for photos. In this regard, 

Instagram should be used for evaluating applications. This app works with photos and 

images, which corresponds to the research question. Also, it is used by many people and 

companies. It means that Instagram is very suitable for expanding the audience that can use 

fractals as a service. 

First of all, on November 8th in mobile app was created an account “fractal.aesthetics”. An 

account was put into a business mode to see the statistics for a particular image and all of 

them. Then all 55 fractal images were uploaded as posts. Each of them was supplemented 

with hashtags for wider promotion. As a small experiment to check the platform's ability to 

work with images, 5 fractals of each type were cut in half and were posted as a group of 2-

3 pictures. They were from 2 or 3 groups. This action allowed respondents to see the image 

in high detail. Also, picture scrolling created a good whole transition between the halves. 

The other 50 had an original ratio. Surveying was conducted from the moment of account 

creation until 23rd November. Users were asked to put likes only for the images they liked. 
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As well as the number of likes, statistics also include reaching. This parameter shows the 

number of users who visited the account and viewed a particular picture. Their value is 

greater than the number of users who liked the fractal application. In this way, it is 

objective to calculate the ratio of likes and reach. The result is displayed as a non-integral 

number. Ideal for aesthetics is the ratio with an equal number of likes and reach, thus 

giving a total of 1. The closer a non-integral number is to 1, the more attractive fractal 

image will be for the audience. As in the previous chapter, fractals are divided into three 

groups, the aesthetic index was considered for each of them. 

 

4.4 Summary of findings 

About 230 people took part in the survey. All the results were presented in Appendix D. 

Each fractal has an individual number for its further identification and counting. The 

survey results revealed three fractal images of each group, which people considered the 

most aesthetic. Kleinian fractal (number 54) was considered the most attractive of the first 

group with an aesthetic index of 0.232. Possibly, the reason lies in its painting simplicity. 

This artwork used only three harmonious and smoothly transitioning colors while others 

had complex algorithms of fractal and background coloring. A background was only black 

and this probably enhances the palette brightness and figure itself. In the second group, 

people chose the number 47 from Apollonian set, with the aesthetic value of 0.372. It can 

be assumed that users were attracted by pattern’ asymmetry and transitions between blue, 

pink and gray color. The most attractive fractal in the third group was estimated to be 

Newton's fractal with number 27 and total aesthetic index 0.531. Aside from the well-

combined photos, that choice could be influenced by the number of artworks. 10 out of 11 

images belong to the third group due to the fractal peculiarities, although most images of 

Apollonian and Mandelbrot sets belong to the second group.  

In addition to defining the most aesthetic fractal image for each group, current research 

also compared the average aesthetic index for each fractal kind and group. Figure 19 shows 

that Newton set have the highest index. This species has the smallest difference between a 

number of likes and reach. Mandelbrot set has the largest number of views, but users rarely 

voted for these pictures. The aesthetic fractal processed image implies that the viewer 

watches this artwork and likes it, thus recognizing its attractiveness. 
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Figure 19. Aesthetic index ratio between five kinds of fractals 

Aesthetic index for each group (Figure 20) demonstrates that the third group has the 

highest value. It is explained by the uneven number of fractal images after the second 

selection. Since Newton and Kleinian fractals are not capable of transforming drawings 

and photos, 20 artworks belong to the third group. Together with other fractal kinds, a 

number of all generated images in the given group was more than 50% of the total amount 

of artworks. Consequently, the third group had a better chance to impress the audience than 

the first and second. 

 

Figure 20. Aesthetic index ratio between three fractal groups 

According to these results, it may be said that users preferred the Newton fractal. The 

aesthetic index of number 27 is higher than for number 54 and 47 in combination. The 

average values for each group and fractal kind confirm this. Nevertheless, in consonance 

with Table 4, Kleinian set has the same image ratio as Newton set. To check the 
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assumptions, the average aesthetic value of the first and third group fractals was calculated 

and displayed in Figure 21. It can be seen that the Newton index is approximately 1.5 times 

higher than others. Therefore, the assumption was correct and this kind of fractal is the 

most aesthetic for users.  

 

Figure 21. Aesthetic index ratio between five kinds of fractals from the first and second 

group 
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5 DISCUSSION 

The goal of this research is to demonstrate how to create visually aesthetic fractal images. 

This requires an analysis of the basic methods of fractal generation and fractal 

construction. In method generation analysis the generation peculiarities with each type of 

fractals, obtaining colors and patterns were studied, and in which creative environment 

they can be implemented. The construction of visually pleasing fractals involved studying 

the process of image generation and how to evaluate its aesthetics. 

Three types of fractals are used in programming: geometric, algebraic and stochastic. The 

first two types belong to determined fractals, i.e. all values are known and all actions of the 

algorithm are controllable. Geometric sets are created from simple objects and can be 

generated with L-system. Such fractals are able to design simple optical illusions, but in 

textile design, they can look angular and have little interworking with color. Algebraic 

fractals are obtained by non-linear processes in n-dimensional spaces. Their structure is 

more complicated than for geometrical ones, although they better interact with color and 

generate more interesting patterns. Moreover, their visual appearance can be changed and 

deformed. Stochastic fractals are not determined and each iteration changes the parameter, 

responsible for image generation. They can images close to nature with this feature. 

Nonetheless, in the articles, they are used for creating simple objects with geometric 

shapes. Therefore, this fractal type can give the geometrical set more dynamic properties. 

Stochastic sets have more freedom for a generation: IFS and VRR make the image three-

dimensional when the cloud model randomly determines the pattern's color or direction. 

Colors are generated in two ways. In one case, the escape time algorithm is used, which 

coloring the area in one or another color according to the number of iterations. These color 

areas usually have a clear transition boundary, which does not look attractive if the palette 

is selected incorrectly. Boundaries can be smoothed if each pixel's color is displayed in a 

dotted manner and with different fractal time outputs. When two different colors or hues 

face each other, "sprayed" pixels create a smoother transition between them. It should be 

kept in mind, that the fractal is getting a kind of graininess and in some cases, it may not be 

aesthetically pleasing. Another case is manual coding where a programmer selects color 

palette and how it will be applied to the fractal. In bubble art and Celtic artwork, colors are 

located inside geometric objects, meanwhile, the background can remain unchanged. 
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Presumably, as for the first group of Kleinian set, the coloring algorithm applies a variable 

that forms the fractal itself and does not go beyond this shape. If the algorithm uses an 

additional variable that responsible for the background, the programmer must look at how 

the color palette is spread over the entire space.  

Patterns can be generated by arranging geometric objects in space. Geometric fractals 

create an ornament by iterations of their main figures. In stochastic fractals, the 

geometrical object copies itself with a random change of coordinates and creates a dynamic 

pattern. In this research, algebraic and geometric sets patterns were generated through 

coloring and changing the variables’ values. The vec3 type defined color parameters in the 

variable colx or colorx. When trigonometric or exponential functions are added to 

variables, the color will change its display. Most fractals have encoded several variables 

with their peculiarities of color behavior. Mixing them in a new variable generates the final 

version of the color pattern. To change the initial fractal pattern, the programmer should 

update the values of some variables. In Newton set, the entire formula in numerator and 

denominator has changed. Mandelbrot set's second group required removing or replacing 

LOC part to create new image processing patterns. All other fractals had a replacement 

only for numbers in coordinates, scale or formula.  

Most of the reviewed documents are related to graphic design, as they study how fractals 

are able to create interesting images. Nonetheless, most papers do not indicate which types 

of graphics are applicable to mathematical fractal sets.  If geometrical fractal has a small 

number of iterations and simple painting, it is better to apply vector graphics for it. Vector 

graphics interact with simple geometric primitives and do not lose high quality when a 

picture is scaling, deforming and rotating. This kind of graphics can also use a stochastic 

fractal, which built on geometric objects. Therefore, Celtic artwork, bubble art, and L-

system flower can be freely transferred to any 2D or 3D object and make it more 

interesting. In other cases, it is recommended to use raster graphics. Despite the large 

memory and reduced clarity in the zoom, it provides a wider color range and better 

working with pictures and photos. Therefore, in textiles or virtual reality rooms a fractal 

image must be created as large as possible to avoid its blurring on the fabric or screen.  

At the end of the second chapter, Table 2 was compiled to identify the most possible 

development areas for fractal pictures. Some of them migrate to physical goods and 

services. Since fractal images can reduce stress, their presence in the interior or clothing 
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can have a positive effect on people. Furthermore, room interior can be generated on a 

computer as a decoration for virtual reality programs or computer games. Fractals with a 

Bezier or L-system curve can design book pages for simple illustrations or separating 

frames. Animations might use fractals to create natural objects and textures. Research 

results from the practical part can also be used for these environments. Like a stained glass 

fractal, the third group can be implemented as a photographic filter. The first and second 

group is more related to digital design with the possibility of transferring to material 

objects. 

The generation process consists of several steps. In the beginning, the programmer chooses 

the necessary programming language, fractal kinds and the way of their demonstration. 

The easiest way to show the final image is to display it on a special site, working with this 

programming language. Another option will be a program creation that displays the 

finished image in a separate window. The generation of a specific fractal depends on the 

formula that generates a particular appearance. When a fractal is stochastic or applies 

elements of uncertainty, code inputs a variable with a limited range of numbers. Number is 

chosen randomly at each iteration and leading code to a new display. Applying basic 

design principles allows a programmer to realize which images attract viewers the most. 

LOCs that use these principles were added to the original code. Using images for textures 

enables to transform of the fractal and make it more attractive. Here, two out of three 

groups involved the interaction of images and fractals in different aspects: as a tool for 

processing pictures or a tool for framing the background. Programmer considers the 

image’s quality and ratio to make artwork aesthetic. 

Determination of image aesthetics, Li and Ji (2015) used a sophisticated calculation system 

for evaluating current and genetically generated fractals. First of all, the program found a 

fitness function, which determines how much image is capable of being aesthetically 

pleasing to the viewer. Then there was the definition of fitness value level that expressed 

the level of user’ image satisfaction and how much he agreed with others' opinions. High 

fitness value made it possible to create aesthetic genetic fractals until the viewer was 

satisfied. 

This valuation method was not appropriate for current research for three reasons. First, the 

encoding tool was unsuitable, as authors created a special program that could allow 

evaluating and automatically generate new fractals. The current research used an 
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application to display codes, not intended for such actions. The second reason is related to 

the programming code. Genetic algorithm is programmed by borrowing code parts that can 

change fractal behavior. This does not work with Newton fractal as some formulas require 

different degrees of variable z, and they are created as new variables for a better code 

understanding. Also, if the algorithm replaces only numerator or denominator, the final 

image may not be aesthetic. The same applies to Julia set, where this research used the 

algorithms of a mirror and/or circular symmetry. The third reason was to work with 

texture. Since this study involved processing photos and drawings, it would be difficult 

with a genetic algorithm and fitness value calculation. If the programmer doesn't enter 

special areas that fractal shouldn't close then photo or picture becomes chaotic and 

unattractive. Therefore, research should have used another method of aesthetic evaluation. 

Instagram user survey has its advantages and disadvantages. From one side, this 

application is close to those who are interested or may be interested in fractals. A simple 

system of defining and calculating the aesthetic index makes it easier to understand which 

fractal images users like the most. On the other side, the business account has limited 

functionality. Statistical data for the overall ratio is updated every day without the 

possibility of viewing its value for a certain time. There is no way to see a daily statistic for 

each post and analyze how the image's aesthetics have grown or fallen. Furthermore, it is 

not possible to establish a tendency of selecting an image, based on age or gender. Since 

the survey did not limit the number of votes per person, their value could vary from 1-2 to 

20-25 artworks. As a result, there was some disparity in the calculation.  

The evaluation problems for the three groups can also be advertised. Since Newton and 

Kleinian fractals had a predisposition to framing images, by the end of the second selection 

most artworks belonged to the third group. Due to this, the number of votes and views for 

other groups was less. Further research requires a balance between several fractal groups to 

ensure that each group has an equal chance of voting.  
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6 CONCLUSIONS 

Fractal images can be aesthetic due to their connections with nature. Since these 

mathematical sets are generated in special programs, they have more opportunities to 

attract the audience in the digital sphere. Many programs are already generating fractal 

images and therefore, this research has studied the possibilities of creating aesthetic 

artworks, combining fractals and images. 

The generation of beautiful images involves fractal selection, the creation of program code 

and its correction through heuristic design methods. Since each fractal type has a specific 

mathematical formula and generation algorithm, its aesthetic parameters will be different 

from others. In an Instagram survey, these optimal parameters were found for all chosen 

fractal types, according to their most aesthetic image results. 

Research has also revealed some features during the aesthetic images generation. Several 

fractals are able to achieve attractiveness due to the simplicity of shapes and colors. 

Although the Kleinian set cannot change greatly, its simple shape and coloring makes it the 

most aesthetic fractal for the first group. Bubble art is also not complicated, however, the 

cloud model creates an interesting dynamic pattern. With Celtic paintings and VRR 

geometric objects layered on each other and created a more voluminous and attractive 

image. If simple fractal combines with image, they will not give an aesthetic effect. It is 

necessary to work with color between the main figure and the background, as it was done 

with the Apollonian gasket. There is a need to choose a harmonious palette and rules of 

color distribution, which would make the fractal attractive not only to itself but also could 

beautifully process images or frame it. 

When a fractal processes a photo, a programmer should understand what effect he wants to 

get. Voronoi's stained-glass image reproduces only pictures’ general contour and color 

since the algorithm has a limited number of tiles. Otherwise, the fractal may slightly 

deform photos to keep it recognizable after processing. Nevertheless, the image can be 

used to create a rich palette of colors that decorate the main fractal pattern. This research 

has processed images in three ways: deformation, fractal coloring, and hybrid technique. 

According to the survey results, people were attracted by fractal that used a photo as  color 

palette. If counting only the number of likes, the most aesthetic fractal used the only 

deformation. 
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If the fractal used as a photo frame, the programmer should think about fractal position and 

harmony between fractal and image. Current research has indicated that for the third group 

it is best to use an image for framing rather than the original fractal frame color. The 

generated fractals possess simple color transition, therefore it approaches for a small 

number of images. Moreover, Apollonian gasket created a dark area inside the circular 

mask, which could not make the image aesthetic with basic fractal coloring. Also, it is 

important to consider the frame complexity. Algebraic fractals have complex ornaments. If 

between two simple images fractal frames can look good, then with a detailed photo it is 

able to strain the viewer’s eyes. This is confirmed by the survey results. In Appendix D 

artwork 35 and 15 belong to Mandelbrot set, which creates an intricate frame pattern. The 

aesthetic index is higher for artwork 35 as in contrast to artwork 15 it uses a photo with 

fewer details. 

The main research limitations are related to the practical part. Fractals of five types were 

programmed in limited time, and therefore the possibility of combining several codes to 

generate a new fractal pattern was not considered. Furthermore, it was not supposed to 

generate several samples of one fractal picture to determine the aesthetics of certain 

parameters. An uneven number of selected artworks for each group affected the survey 

results. Aesthetics assessment had complications related to Instagram, where the business 

account provided only general data about each image. In addition, the absence of a chosen 

artwork limit makes the results scattered. 

Two further directions of research were formed on the basis of the theoretical part, a 

practical part and limitations. The first direction connected with the development of 

aesthetic hybrid fractals. It creates a program that is able to apply a genetic algorithm for 

possible combinations between fractals of one or different types. The programmer may 

include work with photos and drawings as in this research. Then the genetic algorithm 

must understand the location of key image objects to make the final result more 

harmonious. If further research divides fractals into several groups, their amount should be 

the same for more objective evaluation. Limitations on selected artworks number should be 

introduced in order to avoid a large spread of data between respondents. As an example, if 

the program does not make a comparison between the two artworks, the program provides 

to viewers pool of fractals where they choose only 10% out of the total number. 
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The second direction specializes in the detailed study of fractal images' aesthetic features. 

The programmer may use several fractals as a basis and analyze their beauty. Variable that 

responsible for color, shape or location change randomly each time in the code. Every 

output is fixed and saved as an image. Artworks are shown to the respondents and they 

vote for their favorite version of each mathematical fractal set. It might show at what 

parameters of fractal variables can be aesthetic. Fractal image aesthetics assessment can 

use more statistical data to identify choice behavior by age, culture, gender, and other 

social statuses. 
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APPENDICES 

APPENDIX A: Fractal generated artworks 

Table A.1. Apollonian artwork 

Code Image 
#ifdef GL_ES 

precision mediump float; 

#endif 

#extension GL_OES_standard_derivatives : enable 

uniform float time; 

uniform vec2 resolution; 

 

void main( void ) { 

    vec2 uv = (gl_FragCoord.xy-resolution.xy*3.0)/resolution.y;  

    vec2 bp = uv/(1.0-sin(0.26)*0.3+0.186); 

    vec2 p = vec2(bp.x+0.011,bp.y); 

    //Apollonian code provided by Gijs (https://www.shadertoy.com/view/XtGSR1) 

    float s = 1.0; 

    const int iter = 16; 

    for( int i=0; i<iter;i++ ){ 

  p = mod(p+1.,2.)-1.; 

  float k = 1.07/dot(p,p); 

  p *= k; 

  s *= k; 

 } 

    vec3 col = 0.5 + 0.005*cos(uv.xyx+vec3(0.,4.,4.)); 

    vec3 colQ= vec3(1.000,0.504,0.240); 

    vec3 col2= vec3(0.425,0.912,0.147); 

    col2= mix(sin(col2-col),vec3(0.912,0.519,0.059),fract(float(iter)/ 

colQ.x)+smoothstep(0.6,0.3,colQ.x)); 

    vec3 res = vec3(sin(col+0.1)/abs(p.y))*(tan(colQ)*abs(p.x/col2));  

    gl_FragColor = vec4(res,1.0); 

} 
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Table A.2. Mandelbrot artwork 

Code Image 
#ifdef GL_ES 

precision mediump float; 

#endif 

#extension GL_OES_standard_derivatives : enable 

uniform float time; 

uniform vec2 resolution; 

void main( void ) { 

vec2 p = gl_FragCoord.xy/resolution.xy; 

p = (p*2.5)- 1.95; 

p = vec2(p.x -0.005,p.y+0.022); 

p.x=p.x*1.7+1.45;  //fix size of fractal 

p.x= -0.71+abs(0.25-p.x); //invert (looks like a butterfly tie (-1.) or butterfly (-

0.71)). 

float pi = 3.14 ; 

vec2 c = vec2(-0.03,.68)+p; 

vec2 z = vec2(0.0); 

gl_FragColor = vec4(0); 

const int i=0; 

float n = 0.0; 

for( int i=0; i<24; i++ ) 

{ if(dot(z,z) > 4.0) { 

gl_FragColor = vec4(0.0); //here we change only background; butterfly stay black 

break;  

} 

z = c + vec2( z.x*z.x - z.y*z.y, 2.0*z.x*z.y );  n++;  

} 

vec3 color = 0.5 +0.05*sin(p.x+vec3(0.0,tan(gl_FragColor.x*gl_FragColor.z-

0.9)+0.5,0.2)); 

vec3 col1= vec3(0.655,0.156,1.000)+(dot(z,z)+0.8)+tan(color.z*0.5); 

float pct = clamp (pi,0.5,0.2)+dot(sin(c),c)-0.1; 

color = mix(color,vec3(0.133,0.565,0.130)*col1,pct/3.0); 

color = color-sin(col1)*vec3(0.160,tan(0.835),0.039)*abs(pct); 

gl_FragColor = vec4((color),1.0); 

} 

 

with p.x= -0.71+abs(0.25-p.x); 

 

 
 

with p.x= -1.0+abs(0.25-p.x); 
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Table A.3. Julia artwork 

Code Image 
#ifdef GL_ES 

precision mediump float; 

#endif 

#extension GL_OES_standard_derivatives : enable 

uniform float time; 

uniform vec2 resolution; 

 

void main( void ) { 

    vec2 p = (gl_FragCoord.xy/resolution.xy); 

    p.x=p.x*1.7-0.35;     

    vec2 img_center = vec2(0.5, 0.5); 

    // CIRCLE CYMMETRY CASE 

    float gip = distance (p, vec2(0.5, 0.5)); 

    vec2 circle_edge = img_center + 0.85*vec2 ((p.x-0.5)/gip, (p.y-0.5)/gip); 

    vec2 line_center = img_center + (circle_edge - img_center)/2.05; 

    p = 2.0*line_center - p; 

    vec2 c = vec2(0.28+sin(0.5)*0.156,0.4*cos(0.6)-cos(0.5)*0.17); 

 float m2 = 0.0; 

    vec2 z = 2.5*p-1.25; 

    for( int i=0; i<10; i++ ) 

    { 

        z = c+vec2( z.x*z.x - z.y*z.y, 2.2*z.x*z.y ); 

        vec2 z2=z*z; 

        m2 = dot(z2,z2); 

        m2 += 0.5; 

    }     

    m2 = 1.0+log(m2)/24.0; 

    vec3 bg = vec3(0.126,0.860,0.912)*smoothstep(m2,0.2,c.x); 

    vec3 color = 0.4+ vec3(0.0,cos(m2)*sin(m2)-0.1,min(1.2,m2))*bg; 

    color = mix(color,vec3(0.454,0.495,1.000), smoothstep(0.2,0.5,z.x)); 

    color = mix(color,vec3(0.639,0.749,1.000), -smoothstep(0.2,0.5,z.y)); 

    gl_FragColor = vec4(color/sin(m2),1.0);  

} 
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Table A.4. Newton artwork 

Code Image 
#ifdef GL_ES 

precision mediump float; 

#endif 

#extension GL_OES_standard_derivatives : enable 

uniform float time; 

uniform vec2 resolution; 

//Newton code provided by tholzer (https://www.shadertoy.com/view/ltB3WW) 

vec2 cinv(in vec2 a)            { return vec2(a.x, -a.y) / dot(a, a); } 

vec2 cmul(in vec2 a, in vec2 b) { return vec2(a.x*b.x - a.y*b.y,   a.x*b.y + a.y*b.x); 

} 

vec2 cdiv(in vec2 a, in vec2 b) { return cmul(a, cinv(b)); } 

vec2 newton( in vec2 z ) 

{ 

  for (int i = 0; i < 500; i++) // less iterations create a big circle 

  {  

vec2 z2 = cmul(z, z); 

    vec2 z3 = cmul(z2, z); 

    vec2 z4 = cmul(z2, z2); 

    vec2 z5 = cmul(z3, z2); 

    vec2 z6 = cmul(z3, z3); 

    z -= cdiv(z6+z3+1.0,  6.0*z5+3.0*z2);       // f(x) / f'(x) 

  } return z;}  

void main( void ) { 

  vec2 uv = -1.0 + 2.0 * gl_FragCoord.xy / resolution.xy;  

  uv.x *= resolution.x / resolution.y; 

  vec2 z = newton(uv);   

  vec3 col= 0.5 + 0.5*cos(uv.xyx+vec3(0.9,0.5,0.5)); 

  vec3 col1= 0.5*sin(uv.xyx+vec3(0.521,tan(1.000),0.771))+abs(sin(z.y*z.x));  

  vec3 col2= 0.5*sin(uv.xyx+vec3(1.000,0.397,0.454));  

  col = mix(col,col2/vec3(0.294,0.558,1.000),smoothstep(0.2,0.5,z.x)); 

  col = mix(col,col1/vec3(0.836,0.480,1.000),smoothstep(0.3,0.5,z.x)); 

  vec3 fin = col*cos(z.y*z.x);  

gl_FragColor = vec4(fin, 1.0);  } 
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Table A.5. Kleinian artwork 

Code Image 
#ifdef GL_ES 

precision mediump float; 

#endif 

#extension GL_OES_standard_derivatives : enable 

uniform float time; 

uniform vec2 resolution; 

// Kleinian group code provided by Jos Leys 

(https://www.shadertoy.com/view/MtKXRh) 

float wrap(float x, float a, float s){ 

 x -= s;  

 return (x-a*floor(x/a)) + s; 

} 

void TransA(inout vec2 z, float a, float b){ 

 float iR = 1. / dot(z,z); 

 z *= -iR; 

 z.x = -b - z.x; z.y = a + z.y;   

} 

float  JK(vec2 z) 

{ 

vec2 lz=z+vec2(1.), llz=z+vec2(-1.0); 

    float flag=0.;     

    float a = 1.8462758+(1.958591-1.8462756)*0.05-0.3*(1.958591-

1.8462756)*sin(-0.2); 

    float b = 0.09627581+(0.01129-0.09627581)*0.1+0.4*(0.0112786-

0.09627581)*cos(0.5); 

    float f = sign(b)*1. ;      

    for (int i = 0; i < 150 ; i++)  { 

                z.x=z.x+f*b/a*z.y; 

                z.x = wrap(z.x, 2. * 1.6, - 1.6); 

                z.x=z.x-f*b/a*z.y;                        

         if  (z.y >= a * 0.5 + f *(2.*a-1.95)/4. * sign(z.x + b * 0.5)* (1. - exp(-(7.2-

(1.95-a)*15.)* abs(z.x + b * 0.5))))  

        {z = vec2(-b, a) - z;} 

//Apply transformation a 

       TransA(z, a, b); 

        if(dot(z-llz,z-llz) < 1e-6) {break;} 

 



74 

        //if the iterated point gets outside z.y=0 and z.y=a 

        if(z.y<0. || z.y>a){flag=1.; break;} 

        //Store previous iterates 

       llz=lz; lz=z;  } 

       return flag; 

} 

void main( void ) { 

    vec2 uv = gl_FragCoord.xy / resolution.xy; 

     uv = (1.8)*uv-vec2(0.55,.0);  

     uv.x *= resolution.x/resolution.y; 

     uv.y *= (resolution.y+0.5)/(resolution.y-0.2); 

 uv = vec2 (uv.x-0.665,uv.y); 

      float hit=JK(uv); 

      vec3 bg=vec3(0.0);    

      vec3 c =(1.-hit)*bg+hit*vec3(1.000,0.642,0.165); 

      c = mix (c,vec3(1.000,0.092,0.477), smoothstep(0.01,1.0,-hit*uv.x)); 

      c = mix (c,vec3(1.000,0.142,0.056),+smoothstep(0.01,1.0,uv.x*hit)); 

     gl_FragColor = vec4(c, 1.0);   

} 
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APPENDIX B: Fractal image processed artworks 

 

Table B.1. Mandelbrot processed image № 1 

Code Image 
void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 p = fragCoord/iResolution.xy; 

    vec2 p2 = fragCoord/iResolution.xy; 

    p = (p*2.5)- 1.95; 

    p = vec2 (p.x+0.0053,p.y+0.025); //coordinates for frames 

    p.x=p.x*1.7+1.45;  //fix size of fractal 

    p.x= -0.71+abs(0.25-p.x); 

    float pi = 3.14 ;  

    vec2 c = vec2(-0.03,.68)+p; 

 float m2 = 0.0; 

    vec2 z = vec2(0.0);    

    for( int i=0; i<24; i++ ) 

    { 

        z = c + vec2( z.x*z.x - z.y*z.y, 2.0*z.x*z.y ); 

  m2 = dot(z,z); 

        m2 += 0.5; 

    }     

    vec3 color = 0.6 +0.5*sin(p.x+vec3(0.0,tan(m2-0.4)+0.5,0.2)); 

    vec3 col1= vec3(0.655,0.156,1.000)+(dot(p,p)+0.3)+sin(p.y);     

    float pct = clamp (m2,0.5,0.2); 

    color = mix(color,vec3(0.133,0.565,0.130)*col1,pct/3.0); 

    color = color-sin(col1-vec3(0.160,0.835,0.039))*(pct); 

    fragColor = vec4(texture(iChannel0, p-(color).xy).rgb, 1.0); 

} 

 

 

 

 

 

 

 



76 

Table B.2. Mandelbrot processed image № 2 

Code Image 
void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{   vec2 p = fragCoord/iResolution.xy; 

    p = (p*2.5)- 1.95; 

    p = vec2 (p.x+0.0053,p.y+0.025); 

    p.x=p.x*1.7+1.45;  

    p.x= -0.71+abs(0.25-p.x);  

    float pi = 3.14 ;  

    vec2 c = vec2(-0.03,.68)+p; 

    vec2 z = vec2(0.0); 

    fragColor = vec4(0); 

    for( int i=0; i<24; i++ )  

    { 

        if(dot(z,z) > 4.0) 

  { 

            fragColor = vec4(0.0);   

            break; 

  } 

        z = c + vec2( z.x*z.x - z.y*z.y, 2.0*z.x*z.y ); 

    } 

    vec3 color = 0.5 +0.05*sin(p.x+vec3(0.0,tan(fragColor.x*fragColor.z-

0.9)+0.5,0.2)); 

    vec3 col1= vec3(0.655,0.156,1.000)+(dot(z*p,z*c)+0.0)+tan(color.z*0.5);     

    float pct = clamp (pi,0.5,0.2)+dot(sin(z),c)-0.1; 

    color = mix(color,vec3(0.133,0.565,0.130)*col1,pct/3.0); 

    color = color-sin(col1)*vec3(0.160,tan(0.835),0.039)*abs(pct); 

    fragColor = vec4(texture(iChannel0, p+(color).xy).rgb, 1.0); 

} 
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Table B.3. Mandelbrot processed image № 3 

Code Image 
void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{ 

 vec2 p = fragCoord/iResolution.xy; 

    p = (p*2.5)- 1.95; 

    p.x=p.x*1.7+1.45;   

    p.x= -0.71+abs(0.25-p.x);  

    float pi = 3.14 ;  

    vec2 c = vec2(-0.03,.68)+p; 

    vec2 z = vec2(0.0); 

    fragColor = vec4(0); 

        const float b = 2.0; 

    for( int i=0; i<24; i++ )  

    { 

        if(dot(z,z) > (b*b)) 

  { 

            fragColor = vec4(1.000,0.177,0.511,1.); 

            break; 

  } 

        z = c + vec2( z.x*z.x - z.y*z.y, 2.0*z.x*z.y ); 

    }  

    vec3 color = 0.6 + 0.5*cos(3.0 *(log2(dot(z,z))) + vec3(0.127,tan(1.000),0.856)); 

    fragColor = vec4(texture(iChannel0, p-(color).xy*z.xx).rgb, 1.0); 

} 
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Table B.4. Mandelbrot processed image № 4 

Code Image 
void mainImage ( out vec4 fragColor, in vec2 fragCoord ) 

{   vec2 p = fragCoord/iResolution.xy; 

    p = (p*2.5)- 1.95; 

    p.x=p.x*1.7+1.45;   

    p.x= -0.71+abs(0.25-p.x); 

    float pi = 3.14 ;  

    vec2 c = vec2(-0.03,.68)+p; 

    vec2 z = vec2(0.0); 

    fragColor = vec4(0); 

    for( int i=0; i<24; i++ )  

    { 

        if(dot(z,z) > 4.0) 

  { 

            fragColor = vec4(0.0);   

            break; 

  } 

        z = c + vec2( z.x*z.x - z.y*z.y, 2.0*z.x*z.y );    

    } 

    vec3 color = 0.5 +0.05*sin(p.x- +vec3(0.0,tan(fragColor.x*fragColor.z-

0.9)+0.5,0.2)); 

    vec3 col1= vec3(0.655,0.156,1.000)+(log2(dot(z,z)+0.8))+tan(color.z*0.5);     

    float pct = clamp (pi,0.5,0.2)+(dot(sin(z),c)-0.1); 

    color = mix(color,vec3(0.133,0.565,0.130)*col1,pct/3.0); 

    color = color-sin(col1)*vec3(0.160,tan(0.835),0.039)*abs(pct); 

    fragColor = vec4(texture(iChannel0, p+(color).xy).rgb, 1.0); 

} 
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Table B.5. Mandelbrot processed image № 5 

Code Image 
void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{   vec2 p = fragCoord/iResolution.xy; 

    p = (p*2.5)- 1.95; 

    p = vec2 (p.x+0.0053,p.y+0.025);  

    p.x=p.x*1.7+1.45;  

    p.x= -0.71+abs(0.25-p.x); 

    float pi = 3.14 ;  

    vec2 c = vec2(-0.03,.68)+p; 

    vec2 z = vec2(0.0); 

    fragColor = vec4(0); 

    int i; 

    for(int i=0; i<24; i++ )  

    { 

        if(dot(z,z) > 4.0) 

  { 

            fragColor = vec4(0.0);  

            break; 

  } 

        z = c + vec2( z.x*z.x - z.y*z.y, 2.0*z.x*z.y ); 

    } 

    vec3 color = 0.6 +0.1*sin(2.0+vec3(0.0,tan(z.x-0.5)+0.5,0.5)); 

    vec3 col1= vec3(0.655,0.156,1.000)-tan(color.y*0.5);     

    float pct = clamp (pi,0.5,0.2)+dot(sin(c),c); 

    color = mix(color,vec3(0.133,0.565,0.130),pct/20.0); 

    color = color-sin(col1)*vec3(0.160,tan(0.835),0.039)*abs(pct); 

    fragColor = vec4(texture(iChannel0, p-(color).xy).rgb, 1.0); 

} 
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Table B.6. Mandelbrot processed image № 6 

Code Image 
void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 p = fragCoord/iResolution.xy; 

    p = (p*2.5)- 1.95; 

    p = vec2 (p.x+0.0053,p.y+0.025);  

    p.x=p.x*1.7+1.45;   

    p.x= -0.71+abs(0.25-p.x);  

    float pi = 3.14 ;  

    vec2 c = vec2(-0.03,.68)+p; 

    vec2 z = vec2(0.0); 

    fragColor = vec4(0); 

    for( int i=0; i<24; i++ )  

    { 

        if(dot(z,z) > 4.0) 

  { 

            fragColor = vec4(1.000,0.177,0.511,1.);  

            break; 

  } 

        z = c + vec2( z.x*z.x - z.y*z.y, 2.0*z.x*z.y ); 

    } 

    fragColor = vec4(texture(iChannel0, p-(z).xy).rgb, 1.0); 

} 
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Table B.7. Julia processed image № 1 

Code Image 
void mainImage ( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 uv = fragCoord/iResolution.xy; 

    vec2 p = (fragCoord/iResolution.xy); 

    p.x=p.x*1.7-0.35; 

    vec2 img_center = vec2(0.5, 0.5); 

    // CIRCLE CYMMETRY CASE 

    float gip = distance (p, vec2(0.5, 0.5)); 

    vec2 circle_edge = img_center + 0.85*vec2 ((p.x-0.5)/gip, (p.y-0.5)/gip); 

    vec2 line_center = img_center + (circle_edge - img_center)/2.05; 

    p = 2.0*line_center - p; 

    vec2 c = vec2(0.28+sin(0.5)*0.156,0.4*cos(0.6)-cos(0.5)*0.17); 

 float m2 = 0.0; 

    vec2 z = 2.5*p-1.25; 

    for( int i=0; i<4; i++ )  // iteration changing 

    { 

        z = c+vec2( z.x*z.x - z.y*z.y, 2.2*z.x*z.y ); 

        vec2 z2=z*z; 

        m2 = dot(z2,z2); 

    }     

    m2 = 1.0+log(m2)/24.0; 

    vec3 bg = vec3(0.126,0.860,0.912)*smoothstep(m2,0.2,c.x); 

    vec3 color = 0.4+ vec3(0.0,cos(m2)*sin(m2)-0.1,min(1.2,m2))*bg; 

    color = mix(color,vec3(0.454,0.495,1.000), smoothstep(0.2,0.5,z.x)); 

    color = mix(color,vec3(0.639,0.749,1.000), -smoothstep(0.2,0.5,z.y)); 

    fragColor = vec4(texture(iChannel0, uv-(color/sin(m2)).xy*-0.1 ).rgb, 1.0); 

} 
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Table B.8. Julia processed image № 1 

Code Image 
void mainImage (out vec4 fragColor, in vec2 fragCoord ) { 

    vec2 p = (fragCoord.xy/iResolution.xy); 

    p.x=p.x*1.7-0.35;     

    if (p.x > 0.5) { 

        p.x = p.x - .5; 

    } else { 

    p.x = -p.x + .5; 

    } 

    vec2 img_center = vec2(0.5, 0.5); 

    // CIRCLE CYMMETRY CASE 

    float gip = distance (p, vec2(0.5, 0.5)); 

    vec2 circle_edge = img_center + 0.85*vec2 ((p.x-0.5)/gip, (p.y-0.5)/gip); 

    vec2 line_center = img_center + (circle_edge - img_center)/2.10; 

    p = 2.21*line_center - p; 

    vec2 c = vec2(0.28+sin(0.5)*0.156,0.4*cos(0.6)-cos(0.5)*0.17); 

    float m2 = 0.0; 

    vec2 z = 2.2*p-1.25; 

    for( int i=0; i<4; i++ ) //iteration changing 

    { 

        z = c+vec2( z.x*z.x - z.y*z.y, 2.2*z.x*z.y ); 

        vec2 z2=z*z; 

        m2 = dot(z2,z2); 

        m2 += 0.5; 

    }     

    m2 = 1.0+log(m2)/30.0; 

    vec3 bg = vec3(0.126,0.860,0.912)*smoothstep(m2,0.2,c.x); 

    vec3 color = 0.4+ vec3(0.0,cos(m2)*sin(m2)-0.1,min(1.2,m2))*bg; 

    color = mix(color,vec3(0.454,0.495,1.000), smoothstep(0.2,0.5,z.x)); 

    color = mix(color,vec3(0.639,0.749,1.000), -smoothstep(0.2,0.5,z.y)); 

    fragColor = vec4(texture(iChannel0, p-(color/sin(m2)).yx*0.1 ).rgb, 1.0); 

} 
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Table B.9. Apollonian fractal with two pattern design 

Code Image 
void mainImage ( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 uv = (fragCoord.xy-iResolution.xy*3.0)/iResolution.y;  

    vec2 bp = uv/(1.0-sin(0.26)*0.3+0.186); 

    vec2 p = vec2(bp.x,bp.y); 

    float s = 1.0; 

    const int iter = 16; 

    for( int i=0; i<iter;i++ ){ 

  p = mod(p+1.,2.)-1.; 

  float k = 1.07/dot(p,p); 

  p *= k; 

 } 

    vec3 col = 0.5 + 0.005*cos(uv.xyx+vec3(0.,4.,4.)); 

    vec3 colQ= vec3(1.000,0.504,0.240); 

    vec3 col2= vec3(0.425,0.912,0.147); 

    col2= mix(sin(col2-col),vec3(0.912,0.519,0.059),fract(float(iter)/ 

colQ.x)+smoothstep(0.6,0.3,colQ.x)); 

    vec3 res = vec3(sin(col+0.1)/abs(p.y))*(tan(colQ)*abs(p.x/col2)); 

    //fragColor = vec4(texture(iChannel0, uv*(res).xy*0.01).rgb, 1.0);  // with texture 

(1 design) 

    fragColor = vec4(texture(iChannel0, uv+(res).xy*0.01).rgb, 1.0);  // with texture 

(2 design) 

} 

 

1 design 

 

 
 

2 design 

 

  
 

Table B.10. Apollonian rotation with 1 design 
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Code Image 
// for rotating 

vec2 rotate(vec2 st, float angle){ 

    st -= 0.5; 

    st =  mat2(cos(angle),-sin(angle), 

                sin(angle),cos(angle)) * st; 

    st += 0.5; 

    return st; 

} 

void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 uv = (fragCoord.xy-iResolution.xy*1.0)/(iResolution.y-250.);    

    vec2 bp = uv/(1.0-sin(0.26)*0.3+0.186); 

    vec2 p = vec2(bp.x-8.0,bp.y+0.25); 

    float pi =3.14; 

    p=rotate(p,pi*0.9); // rotate the figure   

    //Apollonian 

    float s = 1.0;   

    const int iter = 16; 

    for( int i=0; i<iter;i++ ){ 

  p = mod(p+1.,2.)-1.;    

  float k = 1.0/dot(p,p); 

  p *= k; 

 } 

    vec3 col = 0.5 + 0.005*cos(uv.xyx+vec3(0.,4.,4.)); 

    vec3 colQ= vec3(1.000,0.504,0.240); 

    vec3 col2= vec3(0.425,0.912,0.147); 

    col2= mix(sin(col2-col),vec3(0.912,0.519,0.059),fract(float(iter)/ 

colQ.x)+smoothstep(0.6,0.3,colQ.x)); 

    vec3 res = vec3(sin(col+0.1)/abs(p.y))*(tan(colQ)*abs(p.x/col2)); 

    fragColor = vec4(res,1.0); 

    fragColor = vec4(texture(iChannel0, uv*(res).xy*0.01).rgb, 1.0); 

} 

 

 

 

 

Table B.11. Apollonian central ornament with 1 design 
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Code Image 
void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 uv = (fragCoord.xy-iResolution.xy*3.0)/iResolution.y;   

    vec2 bp = uv/(1.0-sin(0.26)*0.3+0.186); 

    vec2 p = vec2(bp.x-8.0,bp.y+0.25); 

    //Apollonian 

    float s = 1.0; 

    const int iter = 16; 

    for( int i=0; i<iter;i++ ){ 

  p = mod(p+1.,2.)-1.; 

  float k = 0.57/dot(p,p);                                              

  p *= k; 

 } 

    // coloring 

    vec3 col = 0.5 + 0.005*cos(uv.xyx+vec3(0.,4.,4.)); 

    vec3 colQ= vec3(1.000,0.504,0.240); 

    vec3 col2= vec3(0.425,0.912,0.147); 

    //vec3 col3= vec3(1.000,0.859,0.434); 

    col2= mix(sin(col2-col),vec3(0.912,0.519,0.059),fract(float(iter)/ 

colQ.x)+smoothstep(0.6,0.3,colQ.x)); 

    // Output to screen 

    vec3 res = vec3(sin(col+0.1)/abs(p.y))*(tan(colQ)*abs(p.x/col2)); 

    fragColor = vec4(res,1.0); 

    fragColor = vec4(texture(iChannel0, uv*(res).xy*0.01).rgb, 1.0);  

} 

 

 

 

 

 

 

 

 

 

 

Table B.12. Apollonian central ornaments with 1 design 
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Code Image 
void mainImage ( out vec4 fragColor, in vec2 fragCoord ) 

{ 

// Circle frame artwork 

    vec2 uv = (fragCoord.xy-iResolution.xy*6.0)/(iResolution.y-175.); 

    vec2 bp = uv/(1.0-sin(0.26)*0.3+0.186); 

    vec2 p = vec2(bp.x-0.57,bp.y+1.115); 

// Central line artwork 

/* vec2 uv = (fragCoord.xy-iResolution.xy*6.0)/(iResolution.y+250.); 

    vec2 bp = uv/(1.0-sin(0.26)*0.3+0.186); 

    vec2 p = vec2(bp.x-21.329,bp.y+9.185); */ 

    //Apollonian 

    float s = 1.0; 

    const int iter = 16; 

    for( int i=0; i<iter;i++ ){ 

  p = mod(p+1.,2.)-1.; 

  float k = 1.05/dot(p,p); 

  p *= k; 

 } 

    // coloring 

    vec3 col = 0.5 + 0.005*cos(uv.xyx+vec3(0.,4.,4.)); 

    vec3 colQ= vec3(1.000,0.504,0.240); 

    vec3 col2= vec3(0.425,0.912,0.147); 

    col2= mix(sin(col2-col),vec3(0.912,0.519,0.059),fract(float(iter)/ 

colQ.x)+smoothstep(0.6,0.3,colQ.x)); 

    // Output to screen 

    vec3 res = vec3(sin(col+0.1)/abs(p.y))*(tan(colQ)*abs(p.x/col2)); 

    fragColor = vec4(res,1.0); 

    fragColor = vec4(texture(iChannel0, uv*(res).xy*0.01).rgb, 1.0);   

} 

 

Circle frame 

 

 
 

Central  line 
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APPENDIX C: Fractal framing artworks 

 

Table C.1. Julia code with color filter mask 

Code Image 
void mainImage ( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 p = (fragCoord/iResolution.xy); 

    vec2 p2=(fragCoord/iResolution.xy); 

    p.x=p.x*1.7-0.35;     

    if (p.x > 0.5) { 

        p.x = p.x - .5; 

    } else { 

    p.x = -p.x + .5;  } 

    vec2 img_center = vec2(0.5, 0.5); 

    // RECTANGLE SYMMETRY CASE   

    vec2 edge_r_t = vec2(0.9, .5+.5*(-p.y+0.7)/(p.x+.5)); 

    vec2 line_center = img_center + (edge_r_t - img_center)/2.; 

    p = 2.0*line_center - p;    

    vec2 c = vec2(0.29+sin(0.5)*0.156,0.4*cos(0.6)-cos(0.5)*0.156); 

 float m2 = 0.0; 

    vec2 z = 2.0*p-1.25; 

    for( int i=0; i<14; i++ ) 

    { 

        z = c+vec2( z.x*z.x - z.y*z.y, 2.3*z.x*z.y ); 

        vec2 z2=z*z; m2 = dot(z2,z2);  }     

    m2 = 1.0+log(m2)/24.0; 

    vec3 bg = vec3(0.126,0.860,0.912)*smoothstep(m2,0.2,c.x); 

    vec3 color = 0.4+ vec3(0.0,cos(m2)*sin(m2)-0.1,min(1.2,m2))*bg; 

    color = mix(color,vec3(0.454,0.495,1.000), smoothstep(0.2,0.5,z.x)); 

    color = mix(color,vec3(0.639,0.749,1.000), -smoothstep(0.2,0.5,z.y)); 

    float m = 0.; 

    if (distance(vec3(0.,0.,0.), bg.rgb) < 0.001) { 

     m = 0.;  

    } else { 

     m = 1.; 

    } 

    fragColor = vec4(texture(iChannel1, p-(color/sin(m2)).xy*0.1 ).rgb, 1.0) + 

vec4(texture(iChannel0, p2).rgb, 1.0)*(1.0-m); } 

 

 

 



88 

Table C.2. Julia frame № 1 

Code Image 
void mainImage ( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 p = (fragCoord/iResolution.xy); 

    vec2 p2=(fragCoord/iResolution.xy); 

    vec2 p3=(fragCoord/iResolution.xy); 

    p3 = vec2(p3.x/0.4 -0.85,p.y+0.05); // for vertical photos 

    p.x=p.x*1.7-0.35;     

    if (p.x > 0.5) { 

        p.x = p.x - .5; 

    } else { 

    p.x = -p.x + .5; 

    } 

    p = vec2(p.x,p.y-0.1); 

    vec2 img_center = vec2(0.5, 0.5); 

    // RECTANGLE SYMMETRY CASE   

    vec2 edge_r_t = vec2(0.9, .5+.5*(-p.y+0.7)/(p.x+.5)); 

    vec2 line_center = img_center + (edge_r_t - img_center)/2.; 

    p = 2.0*line_center - p;    

    vec2 c = vec2(0.29+sin(0.5)*0.156,0.4*cos(0.6)-cos(0.5)*0.156); 

 float m2 = 0.0; 

    vec2 z = 0.9*p-0.55; 

    for( int i=0; i<14; i++ ) 

    { 

        z = c+vec2( z.x*z.x - z.y*z.y, 2.3*z.x*z.y ); 

        vec2 z2=z*z; m2 = dot(z2,z2);  }     

    m2 = 1.0+log(m2)/24.0; 

    vec3 bg = vec3(0.126,0.860,0.912)*smoothstep(m2,0.2,c.x); 

    vec3 color = 0.4+ vec3(0.0,cos(m2)*sin(m2)-0.1,min(1.2,m2))*bg; 

    color = mix(color,vec3(0.454,0.495,1.000), smoothstep(0.2,0.5,z.x)); 

    color = mix(color,vec3(0.639,0.749,1.000), -smoothstep(0.2,0.5,z.y)); 

    float m = 0.; 

    if (distance(vec3(1.,1.,1.), bg.rgb) > 1.700) { 

     m = 0.; fragColor = vec4(texture(iChannel0, p3).rgb, 1.0); 

    } else { 

     m = 1.; fragColor = vec4(texture(iChannel1, p2*(sin(m2))).rgb, 1.0); } 

} 
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Table C.3. Julia frame № 2 

Code Image 
void mainImage ( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 p = (fragCoord/iResolution.xy); 

    vec2 p2=(fragCoord/iResolution.xy); 

    p.x=p.x*1.7-0.35;     

    if (p.x > 0.5) { 

        p.x = p.x - .5; 

    } else { 

    p.x = -p.x + .5; 

    } 

    vec2 img_center = vec2(0.5, 0.5); 

    // RECTANGLE SYMMETRY CASE   

    vec2 edge_r_t = vec2(0.9, .5+.5*(-p.y+0.7)/(p.x+.5)); 

    vec2 line_center = img_center + (edge_r_t - img_center)/2.; 

    p = 2.0*line_center - p;    

    vec2 c = vec2(0.29+sin(0.5)*0.156,0.4*cos(0.6)-cos(0.5)*0.156); 

 float m2 = 0.0; 

    vec2 z = 2.0*p-1.25; 

    for( int i=0; i<14; i++ ) 

    { 

        z = c+vec2( z.x*z.x - z.y*z.y, 2.3*z.x*z.y ); 

        vec2 z2=z*z; m2 = dot(z2,z2); 

    }     

    m2 = 1.0+log(m2)/24.0; 

    vec3 bg = vec3(0.126,0.860,0.912)*smoothstep(m2,0.2,c.x); 

    vec3 color = 0.4+ vec3(0.0,cos(m2)*sin(m2)-0.1,min(1.2,m2))*bg; 

    color = mix(color,vec3(0.454,0.495,1.000), smoothstep(0.2,0.5,z.x)); 

    color = mix(color,vec3(0.639,0.749,1.000), -smoothstep(0.2,0.5,z.y)); 

    float m = 0.; 

    if (distance(vec3(1.,1.,1.), bg.rgb) > 1.700) { 

     m = 0.; fragColor = vec4(texture(iChannel0, p2).rgb, 1.0); 

    } else { 

     m = 1.; fragColor = vec4(texture(iChannel1, p2*(sin(m2))).rgb, 1.0); 

    } 

} 

 



90 

 

Table C.4. Julia frame № 3 

Code Image 
void mainImage ( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 p = (fragCoord/iResolution.xy); 

    vec2 p2=(fragCoord/iResolution.xy); 

      p.x=p.x*1.7-0.35;     

    if (p.x > 0.5) { 

        p.x = p.x - .5; 

    } else { 

    p.x = -p.x + .5; 

    } 

    vec2 img_center = vec2(0.5, 0.5); 

    float gip = distance (p, vec2(0.5, 0.5)); 

    vec2 circle_edge = img_center + 0.85*vec2 ((p.x-0.5)/gip, (p.y-0.5)/gip); 

    vec2 line_center = img_center + (circle_edge - img_center)/2.10; 

    p = 2.21*line_center - p; 

    vec2 c = vec2(0.28+sin(0.5)*0.156,0.4*cos(0.6)-cos(0.5)*0.17); 

 float m2 = 0.0; 

    vec2 z = 2.2*p-1.25; 

    for( int i=0; i<11; i++ ) 

    { 

        z = c+vec2( z.x*z.x - z.y*z.y, 2.2*z.x*z.y ); 

        vec2 z2=z*z; 

        m2 = dot(z2,z2); 

        m2 += 0.5;  }     

    m2 = 1.0+log(m2)/30.0; 

    vec3 bg = vec3(0.126,0.860,0.912)*smoothstep(m2,0.2,c.x); 

    vec3 color = 0.4+ vec3(0.0,cos(m2)*sin(m2)-0.1,min(1.2,m2))*bg; 

    color = mix(color,vec3(0.454,0.495,1.000), smoothstep(0.2,0.5,z.x)); 

    color = mix(color,vec3(0.639,0.749,1.000), -smoothstep(0.2,0.5,z.y)); 

    float m = 0.; 

    if (distance(vec3(1.,1.,1.), bg.rgb) < 0.901) { 

     m = 0.; fragColor = vec4(texture(iChannel0, p2).rgb, 1.0); 

    } else {  m = 1.;  

fragColor = vec4(texture(iChannel1, p2-(color.xy/sin(m2))).rgb, 1.0); } 

} 
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Table C.5. Julia frame № 4 

Code Image 
void mainImage ( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 uv = fragCoord/iResolution.xy; 

    vec2 p = (fragCoord/iResolution.xy); 

    vec2 p2 = (fragCoord/iResolution.xy); 

    p.x=p.x*1.7-0.35; 

    vec2 img_center = vec2(0.5, 0.5); 

    float gip = distance (p, vec2(0.5, 0.5)); 

    vec2 circle_edge = img_center + 0.85*vec2 ((p.x-0.5)/gip, (p.y-0.5)/gip); 

    vec2 line_center = img_center + (circle_edge - img_center)/2.05; 

    p = 2.0*line_center - p; 

    vec2 c = vec2(0.28+sin(0.5)*0.156,0.4*cos(0.6)-cos(0.5)*0.17); 

 float m2 = 0.0; 

    vec2 z = 2.5*p-1.25; 

    for( int i=0; i<10; i++ ) 

    { 

        z = c+vec2( z.x*z.x - z.y*z.y, 2.2*z.x*z.y ); 

        vec2 z2=z*z; 

  m2 = dot(z2,z2); 

    }     

    m2 = 1.0+log(m2)/24.0; 

    vec3 bg = vec3(0.126,0.860,0.912)*smoothstep(m2,0.2,c.x); 

    vec3 color = 0.4+ vec3(0.0,cos(m2)*sin(m2)-0.1,min(1.2,m2))*bg; 

    color = mix(color,vec3(0.454,0.495,1.000), smoothstep(0.2,0.5,z.x)); 

    color = mix(color,vec3(0.639,0.749,1.000), -smoothstep(0.2,0.5,z.y)); 

    fragColor= vec4(color/sin(m2),1.0); 

    float m = 0.; 

    if (distance(vec3(0.,0.,0.), bg.rgb) < 0.001) { 

     m = 0.; fragColor = vec4(texture(iChannel0, p2).rgb, 1.0); 

    } else { 

     m = 1.; fragColor = vec4(texture(iChannel1, p2*(color.xy/sin(m2))).rgb, 

1.0); 

    } 

} 
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Table C.6. Newton frames № 1 

Code Image 
vec2 cinv(in vec2 a)            { return vec2(a.x, -a.y) / dot(a, a); } 

vec2 cmul(in vec2 a, in vec2 b) { return vec2(a.x*b.x - a.y*b.y,   a.x*b.y + a.y*b.x); 

} 

vec2 cdiv(in vec2 a, in vec2 b) { return cmul(a, cinv(b)); } 

vec2 newton( in vec2 z ) 

{ 

  for (int i = 0; i < 500; i++) 

  { vec2 z2 = cmul(z, z);  vec2 z3 = cmul(z2, z);    

   vec2 z4 = cmul(z2, z2);  vec2 z5 = cmul(z3, z2); 

    vec2 z6 = cmul(z3, z3);   vec2 z7 = cmul(z4, z3); 

    vec2 z8 = cmul(z4, z4);   vec2 z9 = cmul(z5, z4);  

    z -= cdiv(35.0*z9-180.0*z7+378.0*z5-420.0*z3+315.0*z, 315.0*z8-

180.0*z6+1890.0*z4-1260.0*z2+315.0);       

   //z -= cdiv(-2.0*z4+z3+z+5.0, -8.0*z3+3.0*z2+1.0);  // or z -= cdiv(-

2.0*z4+z3+z-5.0, -8.0*z3+3.0*z2+1.0); 

  } return z;} 

void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{ 

  vec2 uv = -1.0 + 2.0 * fragCoord.xy / iResolution.xy;  

  vec2 uv2 = fragCoord.xy / iResolution.xy; 

  uv.x *= iResolution.x / iResolution.y; 

  vec2 z = newton(uv);   

  vec3 col= 0.5 + 0.5*cos(uv.xyx+vec3(0.9,0.5,0.5)); 

  vec3 col1= 0.5*sin(uv.xyx+vec3(0.521,tan(1.000),0.771))+abs(sin(z.y*z.x));  

  vec3 col2= 0.5*sin(uv.xyx+vec3(1.000,0.397,0.454));  

  col = mix(col,col2/vec3(0.294,0.558,1.000),smoothstep(0.2,0.5,z.x)); 

  col = mix(col,col1/vec3(0.836,0.480,1.000),smoothstep(0.3,0.5,z.x)); 

  vec3 fin = col*cos(z.y*z.x); 

  fragColor = vec4(fin, 1.0); 

    float m = 0.; 

    if (distance(vec3(0.521,tan(1.000),0.771)/vec3(0.836,0.480,1.000), col.rgb) < 

2.2) {  m = 0.; fragColor = vec4(texture(iChannel0, uv2).rgb, 1.0); 

    } else {  m = 1.; fragColor = vec4(texture(iChannel1, uv2).rgb, 1.0);  }  } 

 

if  z -= cdiv(35.0*z9-180.0*z7+378.0*z5-420.0*z3+315.0*z, 315.0*z8-

180.0*z6+1890.0*z4-1260.0*z2+315.0);   

     

 
 

if  z -= cdiv(-2.0*z4+z3+z+5.0, -8.0*z3+3.0*z2+1.0); 
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Table C.7. Newton frames № 2 

Code Image 
vec2 cinv(in vec2 a)            { return vec2(a.x, -a.y) / dot(a, a); } 

vec2 cmul(in vec2 a, in vec2 b) { return vec2(a.x*b.x - a.y*b.y,   a.x*b.y + a.y*b.x); 

} 

vec2 cdiv(in vec2 a, in vec2 b) { return cmul(a, cinv(b)); } 

vec2 newton( in vec2 z ) 

{ 

  for (int i = 0; i < 500; i++) 

  { vec2 z2 = cmul(z, z);   

   vec2 z3 = cmul(z2, z);    

   vec2 z4 = cmul(z2, z2);   

   //z -= cdiv(z4+3.0*z2+2.0*z+iTime*2.0+1.0,  2.0+4.0*z3+6.0*z); 

   z -= cdiv(z4+z2+1.0, 4.0*z3+2.0*z);       

  } return z;} 

void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{ 

  vec2 uv = -1.0 + 2.0 * fragCoord.xy / iResolution.xy;  

  vec2 uv2 = fragCoord.xy / iResolution.xy; 

  uv.x *= iResolution.x / iResolution.y; 

  vec2 z = newton(uv);   

  vec3 col= 0.5 + 0.5*cos(uv.xyx+vec3(0.9,0.5,0.5)); 

  vec3 col1= 0.5*sin(uv.xyx+vec3(0.521,tan(1.000),0.771))+abs(sin(z.y*z.x));  

  vec3 col2= 0.5*sin(uv.xyx+vec3(1.000,0.397,0.454));  

  col = mix(col,col2/vec3(0.294,0.558,1.000),smoothstep(0.2,0.5,z.x)); 

  col = mix(col,col1/vec3(0.836,0.480,1.000),smoothstep(0.3,0.5,z.x)); 

  vec3 fin = col*cos(z.y*z.x); 

  fragColor = vec4(fin, 1.0); 

    float m = 0.; 

    if (distance(vec3(0.521,tan(1.000),0.771)/vec3(0.836,0.480,1.000), col.rgb) < 

2.2) {  m = 0.; fragColor = vec4(texture(iChannel0, uv2).rgb, 1.0); 

    } else { 

    m = 1.; fragColor = vec4(texture(iChannel1, uv2).rgb, 1.0);  }  } 

 

if  z -= cdiv(z4+3.0*z2+2.0*z+iTime*2.0+1.0,  2.0+4.0*z3+6.0*z); 

 

 
 

if  z -= cdiv(z4+z2+1.0, 4.0*z3+2.0*z); 
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Table C.8. Apollonian frame with color replacement mask  

Code Image 
void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 uv = (fragCoord.xy-iResolution.xy*1.0)/(iResolution.y -250.0);  

    vec2 bp = uv-(1.6+sin(0.08)+0.235); 

    vec2 uv2 = fragCoord.xy / iResolution.xy; 

    vec2 p = vec2(bp.x-0.089,bp.y+0.045); 

    float s = 1.0; 

    const int iter = 16; 

    for( int i=0; i<iter;i++ ){ 

  p = mod(p+1.,2.)-1.; 

  float k = 1.07/dot(p,p); 

  p *= k; 

 } 

    vec3 col = 0.5 + 0.005*cos(uv.xyx+vec3(0.,4.,4.)); 

    vec3 colQ= vec3(1.000,0.504,0.240); 

    vec3 col2= vec3(0.425,0.912,0.147); 

    //vec3 col3= vec3(1.000,0.859,0.434); 

    col2= mix(sin(col2-col),vec3(0.912,0.519,0.059),fract(float(iter)/ 

colQ.x)+smoothstep(0.6,0.3,colQ.x)); 

    vec3 res = vec3(sin(col+0.1)/abs(p.y))*(tan(colQ)*abs(p.x/col2)); 

    vec3 res1 = vec3((col-col2*colQ)/abs(p.y*tan(p.x))); 

    vec3 res2 = vec3(sin(col+0.1)/abs(p.x))*(tan(colQ)+atan(0.0005*col2));; 

    fragColor = vec4(res1,1.0); 

    float mask = 1.-min(p.r,p.g); 

    float m = 0.; 

    if (distance(vec3(1.,1.,1.), res1.rgb) < 0.7) {  m = 1.0;  } else {  m = 0.0;  } 

fragColor = vec4(texture(iChannel0, uv2).rgb, 1.0)*m + vec4(res.rgb, 1.0)*(1.-m); 

} 

 

 
 

if (distance(vec3(1.,1.,1.), res1.rgb) < 1.0) { 
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Table C.9. Apollonian upper frame with circle mask  

Code Image 
void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 uv = (fragCoord.xy-iResolution.xy*1.0)/iResolution.y;  

    vec2 uv2 = fragCoord.xy / iResolution.xy; 

    vec2 bp = uv-(1.6+sin(0.2)+0.08+0.235); 

    vec2 p = vec2(bp.x,bp.y+0.11); 

    float s = 1.0; 

    const int iter = 16; 

    for( int i=0; i<iter;i++ ){ 

  p = mod(p+1.,2.)-1.; 

  float k = 1.07/dot(p,p); 

  p *= k; 

 } 

    vec3 col = 0.5 + 0.005*cos(uv.xyx+vec3(0.,4.,4.)); 

    vec3 colQ= vec3(1.000,0.504,0.240); 

    vec3 col2= vec3(0.425,0.912,0.147); 

    col2= mix(sin(col2-col),vec3(0.912,0.519,0.059),fract(float(iter)/ 

colQ.x)+smoothstep(0.6,0.3,colQ.x)); 

    vec3 res = vec3(sin(col+0.1)/abs(p.y))*(tan(colQ)*abs(p.x/col2)); 

    vec3 res1 = vec3(col/abs(p.y*tan(p.x))); 

    vec3 res2 = vec3(sin(col+0.1)/abs(p.y))*(tan(colQ)+atan(0.0005*col2));; 

    //circle mask. made by patrickhartono 

(https://www.shadertoy.com/view/3sXXWr) 

    vec2 uvc = fragCoord.xy / iResolution.xy; 

    uvc -= 0.5; 

    uvc = vec2(uvc.x-0.0,uvc.y+0.4); // for coordinates 

    uvc.x *= iResolution.x/iResolution.y; 

    float d = length(uvc); 

    float rad = 1.4; // radius 

    float mask = smoothstep(rad, rad * 0.5 * sin(0.1), d); 

    vec4 m = texture(iChannel0, uv2) * mask; 

    fragColor = vec4(m.rgb, 1.0) + vec4(texture(iChannel1, 

uv2+(res*res2).xy*0.01).rgb, 1.0)*(1.0-mask);   } 
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Table C.10. Apollonian middle frame with circle mask  

Code Image 
void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 uv = (fragCoord.xy-iResolution.xy*1.0)/iResolution.y;  

    vec2 uv2 = fragCoord.xy / iResolution.xy; 

    vec2 bp = uv-(1.6+sin(0.9)+0.08+0.235); 

    vec2 p = vec2(bp.x-0.405,bp.y+0.196); 

    float s = 1.0; 

    const int iter = 16; 

    for( int i=0; i<iter;i++ ){ 

  p = mod(p+1.,2.)-1.; 

  float k = 1.11/dot(p,p); 

  p *= k; } 

    vec3 col = 0.5 + 0.005*cos(uv.xyx+vec3(0.,4.,4.)); 

    vec3 colQ= vec3(1.000,0.504,0.240); 

    vec3 col2= vec3(0.425,0.912,0.147); 

    col2= mix(sin(col2-col),vec3(0.912,0.519,0.059),fract(float(iter)/ 

colQ.x)+smoothstep(0.6,0.3,colQ.x)); 

    vec3 res = vec3(sin(col+0.1)/abs(p.y))*(tan(colQ)*abs(p.x/col2)); 

    vec3 res1 = vec3(col/abs(p.y*tan(p.x))); 

    vec3 res2 = vec3(sin(col+0.1)/abs(p.y))*(tan(colQ)+atan(0.0005*col2));; 

    vec2 uvc = fragCoord.xy / iResolution.xy; 

    uvc -= 0.5;  uvc = vec2(uvc.x+0.285,uvc.y-0.0); // for coordinates 

    uvc.x *= iResolution.x/iResolution.y; 

        if (uvc.x > 0.5) { 

        uvc.x = uvc.x - .65; 

    } else {  uvc.x = -uvc.x + .35; } 

    if (uvc.x < 0.5) {  uvc.x = uvc.x - .5; 

    } else {  uvc.x = uvc.x - .5; } 

    float d = length(uvc);  float rad = 1.1; // radius 

    float mask = smoothstep(rad, rad * 0.5 * sin(0.1), d); 

    vec4 m = texture(iChannel0, uv2) * mask; 

    fragColor = vec4(m.rgb, 1.0) + vec4(texture(iChannel1, 

uv2+(res*res2).xy*0.02).rgb, 1.0)*(1.0-mask);  } 
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Table C.11. Apollonian bottom frame with circle mask  

Code Image 
void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{ 

    vec2 uv = (fragCoord.xy-iResolution.xy*3.0)/iResolution.y;     

    vec2 uv2 = fragCoord.xy / iResolution.xy; 

    vec2 bp = uv/(1.0+sin(0.2)+0.0795+0.2);  

    vec2 p = vec2(bp.x,bp.y); 

    float s = 1.0; 

    const int iter = 16; 

    for( int i=0; i<iter;i++ ){ 

  p = mod(p+1.,2.)-1.; 

  float k = 1.07/dot(p,p); 

  p *= k; 

 } 

    vec3 col = 0.5 + 0.005*cos(uv.xyx+vec3(0.,4.,4.)); 

    vec3 colQ= vec3(1.000,0.504,0.240); 

    vec3 col2= vec3(0.425,0.912,0.147); 

    col2= mix(sin(col2-col),vec3(0.912,0.519,0.059),fract(float(iter)/ 

colQ.x)+smoothstep(0.6,0.3,colQ.x)); 

    vec3 res = vec3(sin(col+0.1)/abs(p.y))*(tan(colQ)*abs(p.x/col2)); 

    vec3 res1 = vec3(col/abs(p.y*tan(p.x))); 

    vec3 res2 = vec3(sin(col+0.1)/abs(p.y))*(tan(colQ)+atan(0.0005*col2));; 

    //circle mask. made by patrickhartono 

(https://www.shadertoy.com/view/3sXXWr) 

    vec2 uvc = fragCoord.xy / iResolution.xy;   

    uvc -= 0.5; 

    uvc = vec2(uvc.x-0.0,uvc.y-0.5);  // for coordinates 

    uvc.x *= iResolution.x/iResolution.y; 

    float d = length(uvc); 

    float rad = 1.4; // radius 

    float mask = smoothstep(rad, rad * 0.5 * sin(0.1), d); 

    vec4 m = texture(iChannel0, uv2) * mask; 

    fragColor = vec4(m.rgb, 1.0) + vec4(texture(iChannel1, 

uv2+(res*res2).xy*0.01).rgb, 1.0)*(1.0-mask); } 
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Table C.12. Mandelbrot butterfly frame  

Code Image 
void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{   vec2 p = fragCoord/iResolution.xy; 

 vec2 p2 = fragCoord/iResolution.xy; 

p = vec2 (p.x-0.0050,p.y+0.025); //coordinates for frames 

p = (p*1.45)- 1.44;  //for frame size butterfly 

p.x=p.x*1.7+1.45;  //fix size of fractal 

p.x= -0.71+abs(0.25-p.x); //for butterfly frame 

float pi = 3.14 ; 

vec2 c = vec2(-0.03,.68)+p; 

vec2 z = vec2(0.0); 

fragColor = vec4(0); 

const int i=0; 

float n = 0.0; 

for( int i=0; i<24; i++ )  

{ if(dot(z,z) > 4.0) { 

fragColor = vec4(0.0);  

break; } 

z = c + vec2( z.x*z.x - z.y*z.y, 2.0*z.x*z.y );  n++; } 

vec3 color = 0.5 +0.05*sin(p.x+vec3(0.0,tan(fragColor.x*fragColor.z-

0.9)+0.5,0.2)); 

vec3 col1= vec3(0.655,0.156,1.000)+(dot(z,z)+0.8)+tan(color.z*0.5); 

float pct = clamp (pi,0.5,0.2)+dot(sin(c),c)-0.1; 

color = mix(color,vec3(0.133,0.565,0.130)*col1,pct/3.0); 

color = color-sin(col1)*vec3(0.160,tan(0.835),0.039)*abs(pct); 

float sm = n*0.3 - log2(log2(dot(z,z))) + 4.0; 

fragColor = vec4((color),1.0); 

float m = 0.;   if (distance(vec3(1.,1.,1.), color.rgb) < 0.9) { 

     m = 1.;  fragColor = vec4(texture(iChannel1, p2).rgb, 1.0); 

    } else { 

     m = 0.;  fragColor = vec4(texture(iChannel0, p2).rgb, 1.0); } 

 } 
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Table C.13. Mandelbrot butterfly tie frame  

Code Image 
void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{   vec2 p = fragCoord/iResolution.xy; 

 vec2 p2 = fragCoord/iResolution.xy; 

p = vec2 (p.x-0.0050,p.y+0.025); //coordinates for frames 

p = (p*1.85)- 1.64; //for frame size butterfly tie 

p.x=p.x*1.7+1.45;  //fix size of fractal 

p.x= -1.0+abs(0.23-p.x); //for butterfly tie frame 

float pi = 3.14 ; 

vec2 c = vec2(-0.03,.68)+p; 

vec2 z = vec2(0.0); 

fragColor = vec4(0); 

const int i=0; 

float n = 0.0; 

for( int i=0; i<24; i++ )  

{ if(dot(z,z) > 4.0) { 

fragColor = vec4(0.0);  

break; } 

z = c + vec2( z.x*z.x - z.y*z.y, 2.0*z.x*z.y );  n++; } 

vec3 color = 0.5 +0.05*sin(p.x+vec3(0.0,tan(fragColor.x*fragColor.z-

0.9)+0.5,0.2)); 

vec3 col1= vec3(0.655,0.156,1.000)+(dot(z,z)+0.8)+tan(color.z*0.5); 

float pct = clamp (pi,0.5,0.2)+dot(sin(c),c)-0.1; 

color = mix(color,vec3(0.133,0.565,0.130)*col1,pct/3.0); 

color = color-sin(col1)*vec3(0.160,tan(0.835),0.039)*abs(pct); 

float sm = n*0.3 - log2(log2(dot(z,z))) + 4.0; 

fragColor = vec4((color),1.0); 

float m = 0.; 

    if (distance(vec3(1.,1.,1.), color.rgb) < 0.9) { 

    m = 1.; } else { m = 0.;  } 

   fragColor = vec4(texture(iChannel1, p-(color).xy*0.1 ).rgb, 1.0) + 

vec4(texture(iChannel0, p2).rgb, 1.0)*(1.0-m); 

 } 
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Table C.14. Kleinian frame № 1 

Code Image 
float wrap(float x, float a, float s){ 

 x -= s;  

 return (x-a*floor(x/a)) + s;  } 

void TransA(inout vec2 z, float a, float b){ 

 float iR = 1. / dot(z,z); 

 z *= -iR; 

 z.x = -b - z.x; z.y = a + z.y; } 

float  JK(vec2 z) 

{  vec2 lz=z+vec2(1.), llz=z+vec2(-1.0); 

    float flag=0.;     

    float a = 1.8462758+(1.958591-1.8462756)*0.05-0.3*(1.958591-

1.8462756)*sin(-0.2); 

    float b = 0.09627581+(0.01129-0.09627581)*0.1+0.4*(0.0112786-

0.09627581)*cos(0.5); 

float f = sign(b)*1. ;      

for (int i = 0; i < 150 ; i++)  { 

z.x=z.x+f*b/a*z.y; 

z.x = wrap(z.x, 2.5 * 1.6, - 1.6); 

z.x=z.x-f*b/a*z.y;                        

if  (z.y >= a * 0.5 + f *(2.*a-1.95)/4. * sign(z.x + b * 0.5)* (1. - exp(-(7.2-(1.95-

a)*15.)* abs(z.x + b * 0.5))))  

{z = vec2(-b, a) - z;} 

TransA(z, a, b); 

        if(dot(z-llz,z-llz) < 1e-6) {break;} 

        if(z.y<0. || z.y>a) { flag=1.; break;}  

        llz=lz; lz=z; } 

return flag; } 

void mainImage( out vec4 fragColor, in vec2 fragCoord ) { 

vec2 uv = fragCoord.xy / iResolution.xy; 

    vec2 uv2 = fragCoord.xy / iResolution.xy; 

     uv = (2.0)*uv-vec2(0.58,.0);  

     uv = vec2(uv.x,uv.y-0.07);  

     uv.x *= iResolution.x/iResolution.y; 

     uv.y *= (iResolution.y+0.5)/(iResolution.y-0.2); 

      float hit=JK(uv); 
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      vec3 bg=vec3(0.0);  

      vec3 c =(1.-hit)*bg+hit*vec3(1.000,0.642,0.165); 

      fragColor = vec4(texture(iChannel0, uv2).rgb, 1.0)*c.x + 

vec4(texture(iChannel1, uv2+(c+0.1).xy*0.02).rgb, 1.0)*(1.0-c).x; 

} 

 

 

Table C.15. Kleinian frame № 2 

Code Image 
float wrap(float x, float a, float s){ 

 x -= s;  

 return (x-a*floor(x/a)) + s; 

} 

void TransA(inout vec2 z, float a, float b){ 

 float iR = 1. / dot(z,z); 

 z *= -iR; 

 z.x = -b - z.x; z.y = a + z.y;   

} float  JK(vec2 z) { 

 vec2 lz=z+vec2(1.), llz=z+vec2(-1.0);  float flag=0.;     

 float a = 1.8462758+(1.958591-1.8462756)*0.05-0.3*(1.958591-

1.8462756)*sin(-0.2); 

    float b = 0.09627581+(0.01129-0.09627581)*0.1+0.4*(0.0112786-

0.09627581)*cos(0.5); 

 float f = sign(b)*1. ;      

 for (int i = 0; i < 150 ; i++)  

{ z.x=z.x+f*b/a*z.y; 

z.x = wrap(z.x, 2.5 * 1.6, - 1.6); 

z.x=z.x-f*b/a*z.y;                        

         if  (z.y >= a * 0.5 + f *(2.*a-1.95)/4. * sign(z.x + b * 0.5)* (1. - exp(-(7.2-

(1.95-a)*15.)* abs(z.x + b * 0.5))))  

        {z = vec2(-b, a) - z;} 

        TransA(z, a, b); 

        if(dot(z-llz,z-llz) < 1e-6) {break;} 

        if(z.y<0. || z.y>a){flag=1.; break;} 

        llz=lz; lz=z;} 

return flag; } 

void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{  vec2 uv = fragCoord.xy / iResolution.xy; 
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    vec2 uv2 = fragCoord.xy / iResolution.xy; 

     uv = (2.0)*uv-vec2(0.58,.0);  

     uv = vec2(uv.x,uv.y-0.07);  

     uv.x *= iResolution.x/iResolution.y; 

     uv.y *= (iResolution.y+0.5)/(iResolution.y-0.2); 

      float hit=JK(uv); 

      vec3 bg=vec3(0.0);  

      vec3 c =(1.-hit)*bg+hit*vec3(1.000,0.642,0.165); 

      fragColor = vec4(texture(iChannel0, uv2).rgb, 1.0)*c.x + 

vec4(texture(iChannel1, uv2+(c+0.1).xy*0.02).rgb, 1.0)*(1.0-c).x; 

} 

 

 

Table C.16. Kleinian frame № 3 

Code Image 
float wrap(float x, float a, float s){ 

    x -= s;  

    return (x-a*floor(x/a)) + s; } 

void TransA(inout vec2 z, float a, float b){ 

    float iR = 1. / dot(z,z); 

    z *= -iR; 

    z.x = -b - z.x; z.y = a + z.y;  } 

float  JK(vec2 z) 

{ 

    vec2 lz=z+vec2(1.), llz=z+vec2(-1.0); 

    float flag=0.;     

    float a = 1.8462758+(2.958591-1.8462756)*0.24+0.3*(1.958591-

1.8462756)*sin(0.2); 

    float b = 0.09627581+(0.011278-0.096276)*0.77+0.4*(0.0112786-

0.09627581)*cos(0.5); 

    float f = sign(b)*1. ;      

    for (int i = 0; i < 150 ; i++)  

    { 

        z.x=z.x+f*b/a*z.y; 

        z.x = wrap(z.x, 2. * 1., - 1.); 

        z.x=z.x-f*b/a*z.y;                        

        if  (z.y >= a * 0.5 + f *(2.*a-2.5)/4. * sign(z.x + b * 0.5)* (1. - exp(-(7.2-(1.95-

a)*15.)* abs(z.x + b * 0.5))))     
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        {z = vec2(-b, a) - z;} 

        TransA(z, a, b); 

        if(dot(z-llz,z-llz) < 1e-6) {break;} 

        if(z.y<0. || z.y>a){flag=1.; break;} 

        llz=lz; lz=z; } 

    return flag; } 

void mainImage( out vec4 fragColor, in vec2 fragCoord ) 

{ vec2 uv = fragCoord.xy / iResolution.xy; 

vec2 uv2 = fragCoord.xy / iResolution.xy; 

     uv = (2.10)*uv-vec2(0.387,.01);  

     uv = vec2(uv.x-0.10,uv.y+0.020); 

     uv.x *= iResolution.x/iResolution.y; 

     float hit=JK(uv); 

     vec3 c =(1.-hit)*vec3(1.0,(1.0),1.0)+hit*vec3(0.2,cos(0.8),0.6); 

    float m = 0.; 

    if (distance(vec3(1.,1.,1.), c.rgb) < 0.7) { 

     m = 1.;  } else { m = 0.; 

    } 

    fragColor = vec4(texture(iChannel0, uv2).rgb, 1.0)*m + vec4(texture(iChannel1, 

uv2+(c).xy*0.02).rgb, 1.0)*(1.0-m); 

} 
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APPENDIX D: Instagram survey results 

 

№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

1 

 

44 151 0,291 Mandelbrot (cuted) 2 

2 

 

19 87 0,218 Apollonian (cuted) 3 

3 

 

16 98 0,163 Kleinian (cuted) 3 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

4 

 

6 76 0,079 Kleinian 3 

5 

 

13 71 0,183 Newton 3 

6 

 

7 43 0,163 Julia 3 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

7 

 

7 75 0,093 Apollonian 3 

8 

 

13 145 0,090 Mandelbrot 2 

9 

 

16 91 0,176 Mandelbrot 2 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

10 

 

12 86 0,140 Mandelbrot 2 

11 

 

10 98 0,102 Mandelbrot 2 

12 

 

4 89 0,045 Mandelbrot 2 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

13 

 

13 73 0,178 Newton 3 

14 

 

26 49 0,531 Newton 3 

15 

 

14 83 0,169 Mandelbrot 3 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

16 

 

19 94 0,202 Apollonian 3 

17 

 

18 58 0,310 Kleinian 3 

18 

 

16 205 0,078 Mandelbrot 2 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

19 

 

8 126 0,063 Mandelbrot 2 

20 

 

9 46 0,196 Newton 3 

21 

 

16 69 0,232 Newton 3 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

22 

 

26 90 0,289 Newton 3 

23 

 

22 105 0,210 Apollonian 2 

24 

 

14 113 0,124 Apollonian 2 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

25 

 

28 154 0,182 Julia (cuted) 3 

26 

 

25 59 0,424 Newton 3 

27 

 

37 73 0,507 Newton (cuted) 3 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

28 

 

18 129 0,140 Kleinian 3 

29 

 

10 77 0,130 Julia 3 

30 

 

16 82 0,195 Julia 3 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

31 

 

12 63 0,190 Julia 3 

32 

 

47 145 0,324 Julia 2 

33 

 

16 89 0,180 Julia 2 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

34 

 

20 91 0,220 Julia 2 

35 

 

17 59 0,288 Mandelbrot 3 

36 

 

12 60 0,200 Newton 3 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

37 

 

22 69 0,319 Newton 3 

38 

 

23 85 0,271 Kleinian 3 

39 

 

11 106 0,104 Kleinian 3 

 

 

 

 



117 

 

 

 

№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

40 

 

3 60 0,050 Kleinian 3 

41 

 

10 78 0,128 Kleinian 3 

42 

 

3 62 0,048 Kleinian 3 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

43 

 

5 37 0,135 Apollonian 2 

44 

 

5 74 0,068 Apollonian 2 

45 

 

6 64 0,094 Apollonian 2 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

46 

 

10 71 0,141 Julia 3 

47 

 

16 43 0,372 Apollonian 2 

48 

 

19 64 0,297 Kleinian 3 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

49 

 

6 71 0,085 Apollonian 2 

50 

 

6 68 0,088 Julia 3 

51 

 

9 193 0,047 Mandelbrot 1 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

52 

 

16 140 0,114 Julia 1 

53 

 

14 90 0,156 Apollonian 1 

54 

 

26 112 0,232 Kleinian 1 
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№ Picture Likes (L) Reach (R) L/R Fractal type Group number 

55 

 

23 230 0,100 Newton 1 

 

 


