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Abstract—Mathematics is not solely a field of theory and
calculation; it also embodies a form of beautiful art. Indonesia is
well known for its diverse backgrounds, cultures, and heritage. One
of Indonesia’s intangible cultural heritages is Batik. The creation
of Batik motifs has advanced significantly, originating from
traditional handcrafting methods and expanding to applying
mathematical principles, particularly fractal geometry. This paper
introduces Julia set as the fractal geometry implementation for
developing a novel art to Batik called Fractal Batik. This paper
opens up new creative possibilities for developing Batik motifs in
Indonesia from a Mathematical perspective.

Keywords—Batik, Complex Numbers, East Kalimantan, Fractal
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I. INTRODUCTION

Indonesia is well known for its diverse backgrounds, cultures,
and heritage. One of Indonesia’s intangible cultural heritages is
Batik, officially recognized as UNESCO’s Intangible Cultural
Heritage of Humanity on October 2, 2009. Batik is a decorative
pattern made by writing or applying wax to fabric.
Etymologically, the word batik comes from the Javanese
language, derived from the word amba, which means 'to draw,’
and tik, which means 'dot' (a verb meaning to make dots). It later
developed into the term Batik [1]. Indonesia features numerous
Batik motifs characteristic of various regions, including East
Kalimantan, representing the province's rich cultural identity.
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Fig. 1. Examples of East Kalimantan Batik. Adapted from [2]

East Kalimantan is a province in Indonesia known for its rich
natural resources and cultural diversity. The region is home to
various ethnicities, such as the Dayak and Kutai, whose
traditions and artistic expressions have significantly influenced
local craftsmanship, particularly in Batik.

The creation of Batik motifs has advanced significantly,
originating from traditional handcrafting methods and
expanding to applying mathematical principles, particularly
fractal geometry. Fractal geometry is a branch of mathematics
that studies the properties and behaviors of various fractals.
Unlike most conventional mathematical forms, fractals
generally have irregular shapes that do not follow linearity.

Batik and fractals represent two distinct domains. Batik is a
form of artistic expression, whereas fractals are mathematical
objects related to iteration and self-similarity processes by
recursive or iterative algorithms. Despite the differences, these
concepts introduce a novel art to Batik called Fractal Batik. It
utilizes fractals to generate and redesign patterns using
computational techniques.

Therefore, this paper reveals how Python programming and
Photo Editor generate creative variations of East Kalimantan
Batik motifs. This paper introduces Julia set as the fractal
geometry implementation for developing the Batik motifs.

II. THEORETICAL FOUNDATIONS

A. Complex Numbers

The largest set of numbers in mathematics is the set of
complex numbers (C). The set of real numbers (R), commonly
used in everyday life, is a subset of complex numbers. Any
number, k such that k > 0 is a real number and belongs to the
set of real numbers (R). To deal with a number k such that k2 <
0 requires the introduction of a new symbol (number). In 1777,
Leonhard Euler introduced the “imaginary” number, denoted by
i to stand in for i = v—1 which gave birth to complex numbers
[3].

A complex number z is an expression with two terms (or
components) of real numbers. Represented as

z=a+ bi

where a is the real part of z, b is the imaginary part of z, and
i is the imaginary unit that satisfies the equation i? = —1.
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The notation Re(z) or R(z) represents the real part of a
complex number z, whereas Im(z) sor J(z) represents its
imaginary part. Thus

Re(z) = (4 —3i) =4 and Im(4—3i) = -3

A real number is a complex number a + 0i whose imaginary
part is equal to 0. A purely imaginary number bi is a complex
number 0 + bi whose real part is zero. It is common to represent
afor a + 0i and bi for 0 + bi. In this way, the complex numbers
contain the ordinary real numbers while extending them to solve
problems that cannot be solved with real numbers alone.

Since a complex number is a unique specification based on an
ordered pair of real numbers (a, b), complex numbers have a
one-to-one correspondence with points on a plane defined as the
complex plane. Complex numbers expand the idea of the 1D
number line into the 2D complex plane, where the horizontal
axis represents the real part and the vertical axis represents the
imaginary part. A complex number a + bi corresponds to the
point (a, b) in the complex plane. The resulting plot is known as
an Argand Diagram [4].

Im(z)

A P:=a+lu'

\" G

1

0 a

o~

» Re(z)

Fig. 2. Argand Diagram. Adapted from [5]

Hence, in terms of its real and imaginary parts, a complex
number z is equal to Re(z) + i - Im(z). The magnitude of z is
referred to as its modulus, denoted in (1)

r=|z| =+a?+ b? (1)

The angle 6 is called the argument of z, given as in (2)

a>0

tan~(b/a),
- | 2
180° + tan~(b/a), a< 0 @
Letting |z| = r expresses the complex number in (3)
z=a+ bi =r(cosf +isin0H) 3

This form defines the polar representation of z. Applying
Euler's formula further simplifies the equation to (4)
z=r1"e 4
Standard arithmetic operations manipulate complex numbers
in the same way as real numbers. Operations with complex
numbers follow algebraic properties such as associativity,
commutativity, and distributivity, along with the defining
equation i2 = —1.

1) Addition and Subtraction: Performed by adding or
subtracting the real part and imaginary part separately,
expressed with

(a+bi)x(c+di)=(atc)+ (bxd)i

2) Multiplication: Defined in the following formula
(a + bi) - (c +di) = ac + adi + cbi + bdi?

By i? = —1, it simplifies the equation to
(a+ bi) - (c +di) = (ac — bd) + (ad + cb)i

3) Division: The division of complex numbers is more
complicated than real numbers because of the imaginary
component. However, the division of complex numbers can be
simplified with the help of the conjugate of complex numbers.
The conjugate of a complex number z = a + bi is defined as

z*=a—bi
The product of a complex number and its conjugate has a unique
result:
zz* = (a + bi)(a — bi) = a® + b?
Shown that the product of a number and its conjugate will

remove the imaginary component. From it, the division of
complex numbers is defined as

(a+bi) (a+bi) (c—di) (ac + bd) (bc - ad)
(c+di) (c+di) (c—di) \c2+d? c2 4 d?
Unique properties further distinguish complex numbers from

real numbers, which every polynomial equation in complex

numbers guarantees at least one solution, providing a more
comprehensive approach to solving algebraic equations.

l

B. Fractal

The term fractal originates from the Latin word fractus, which
relates to the verb frangere, meaning 'to break," and describes
the formation of irregular or fragmented shapes. In mathematics,
fractals represent geometric forms that display infinite repetition
of patterns. These repeating structures show self-similarity, with
each part resembling the whole, regardless of scale. The
arrangement of these patterns varies without restriction to a
single orientation and often appears irregular or twisted, ranging
in size from tiny to massive.

Initially studied as mathematical objects [5], fractals
demonstrate the property of self-similarity, classified into two
types: regular and random. Regular fractals display exact self-
similarity, where each part of the fractal object precisely mirrors
the entire structure when observed at different scales. Examples
of regular fractals include the Barnsley Fern, the Sierpinski
Triangle, and the Cantor set. In contrast, random fractals display
statistical self-similarity, where patterns resemble each other
probabilistically rather than exactly. Examples of random
fractals include the Julia set and the Mandelbrot set [6]

(a) (b)

Fig. 3. Examples of regular fractals: (a) The Barnsley Fern and (b) The
Sierpinski Triangle. Adapted from [7]
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C. Julia Set

The Julia set is created by defining specific boundaries within
the area used for its representation. The Julia set consists of two
main components: the Julia set itself and the filled-in Julia set.
The Julia set and the Filled-In Julia set are related mathematical
concepts, each with distinct characteristics. The Filled-In Julia
set represents the entire stable region, whereas the Julia set
highlights the intricate patterns along its edge.

In 1915, Gaston Julia, a French mathematician, discovered
the Julia set and studied fractals by examining rational
polynomial expressions of varying degrees. Julia introduced the
iterative mapping function f.(z) : C — C, which defines the
general form of the Julia set as shown in (5)

f@=z*+c )

In (4), the variable z takes the form a + bi and it can represent
all values in the complex plane. The quantity ¢ defines a
complex number that remains constant for any given Julia set,
making it a parameter. In other words, infinitely many Julia sets
exist, each corresponding to a unique value of ¢. Smaller values
of ¢ (e.g.,|c| < 2) often generate visually appealing patterns.

Fig. 4. Julia set with ¢ = —0.835-0.2321i. Adapted from [8]

When used only once, (5) has a very low chance of producing
anything visually interesting. However, repeatedly iterating this
equation can generate a Julia set. By feeding the output of the
expression f(z) back into the equation as a new value for z, the
process becomes an iteration, functioning like a feedback loop.
Thus, for any arbitrary value of n, the iteration is defined as in

(6)
frs1(2) = an +c (6)

Each new value of f(z) obtained from the calculation serves
as the next input for z through a feedback iteration process.

In the special case where ¢ = 0 + 0i, the Julia set takes the
form of a circle (not a fractal) with a radius of 1. For any z, this
transformation involves a contraction (when |z| < 1) caused by
multiplication with |z|, as well as a doubling of the polar angle
of z, followed by a translation by c.

C1o

Fig. 5. Julia set with ¢ = 0 + 0i. Adapted from [9]

In mathematics, several types of connectivity exist. For Julia
sets, the relevant type is path connectivity, meaning a path can
be traced from one point in the set to another without leaving the
set. As demonstrated independently by Julia and Fatou,
connected Julia sets are globally connected, not just locally
connected. Topologically, connected Julia sets form a highly
deformed circle or a curve with infinitely many branches and
sub-branches, referred to as a dendrite, as shown in Figure 3.

Benoit B. Mandelbrot, known as the Father of Fractal
Geometry, referred to disconnected Julia sets as "dust" or "Fatou
dust,” a term named after Pierre Fatou (1878-1929). This
terminology is appropriate because disconnected Julia sets
consist of individual points scattered across the complex plane,
resembling dust particles spread over a surface, with no
connections between them.

Another term used to describe such sets is Cantor dust. A
Cantor set is a completely disconnected set formed by
repeatedly dividing the line segment [0,1] into three parts,
removing the middle segment and leaving the segments [0, 1/3]
and [2/3,1]. This process is repeated infinitely for each
remaining segment.

The distribution of points in a disconnected Julia set
qualitatively resembles the appearance of Cantor dust, as both
are entirely disconnected, with each point isolated from the
others. Disconnected sets are completely unconnected, forming
an infinite collection of points that are isolated from one another.

Fig. 6. Disconnected Julia set with ¢ = 0 + 0.8i. Adapted from [10]

III. IMPLEMENTATION

The instruments used in this paper consist of two main
components, namely hardware and software. The hardware
specifications used are: Intel i7-8550U Processor, Intel UHD
Graphics 620 GPU, and 8 GB RAM. Then, the software
specifications used are Python 3.12.4 programming language for
generating the Julia set, Jupyter Notebook for the program
kernel, and Figma as Photo Editor for designing and integrating
the fractal patterns into Batik motif variations.

A. Creating the Julia Set

The process starts by defining the necessary parameters,
including the complex constant ¢ and the maximum number of
iterations N. The algorithm divides the complex plane into a grid
of points, each corresponding to a complex number z. These
points initialize a value for the iterative process. The algorithm
repeatedly computes transformations for each point by using (2).

In each iteration, the algorithm checks whether the magnitude
of z exceeds a predefined threshold, typically set to 2, or whether
it reaches the maximum number of iterations N. The threshold
value of 2 ensures mathematical correctness, as points with
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magnitudes greater than two always escape to infinity under
iteration. For instance, if |z| > 2, subsequent iterations of (2)
continue growing without bounds. This property allows the
algorithm to identify the escape points.

Finally, the algorithm processes the iterations and masks the
data to generate visual representations of the Julia set. It includes
a custom color palette parameter that enables customization of
the fractal's appearance, supporting its use in generating
variations of Batik motifs. The output provides flexibility for
further design modifications and integration. The Python code
below demonstrates the implementation of this process.

import numpy as np

plot as plt
olors import LinearsegmentedColormap

x, N: int = 200, dimension: int = 1000):

dimension),

mension) * 1j)

seThreshold

t np.any(mask):

_PALETTES[palette]]
m', chosenPalette, N=N)

ask, cmap=cmap)

ef save(self, index: int, N: int = 58, palette: str = 'BLACK'):

plt.figure(fi

chosenPalette = [1
cmap = LinearSegmentedColormap. from 1ist("cu

(color) for color in COLOR_PALETTES[palette]]
m', chosenPalette, N=N)

self.mask, cmap=cmap)

', transparent=True,

DATABA! DATA

5| lette': palette})
DATABASE . to_csvi

Fig. 7. Julia Set Class and Algorithm in Python

Selecting the value of c is crucial for determining the desired
shape of the Julia set. Combinations of ¢ values fall into three
forms:

o ¢ with only real values (Re(c) # 0,Im(c) = 0)

e ¢ with only imaginary values (Re(c) = 0, Im(c) # 0)

e ¢ with both real and imaginary values (Re(c) #
0, Im(c) # 0)

For the first combination, the range —1,5 < Re(c) < 0.5
provides a variety of Julia set structures suitable for motif
generation. Values beyond this range often produce patterns that
lack the desired structural coherence, less effective as motifs.
Focusing on this range ensures that the resulting designs retain
aesthetic appeal, suitable for developing the Batik motifs.

fig, axes = plt.subplots(l, 4, figsize=(2!

erate(zip(values, axes)):

ax, palette-palletes[i])
julia.save(i+1, palette-palletes
ax.set_title(getTitle(c, labels[i]), y=-0.1, fontsize=14)

plt.show()

Fig. 8. First Julia Set Combination Creation in Python Code

Fig. 8. creates selected samples with each defined color used
for this combination.

(a) (b) (c) (d)

Fig. 9. Julia set with (&) ¢ =0.3, (b) ¢ =-0.6, (c) ¢ =—-1.2,
(d)yc=-15

In the second combination, the Julia set appears as Cantor
dust when the imaginary part of ¢ falls within the range 0.63 <
[Im(c)| < 0.9. As it evolves, the shape becomes thicker and
eventually returns to a circular form when Im(c) = 0. The
shapes observed in the range —2 <Im(c) <0 differ
horizontally from those in the range 0 < Im(c) < 2. Similar to
the first combination, focusing on a specific range of Im(c)
enables the generation of structured and harmonious patterns
that reflect the detailed and artistic elements commonly found in
Batik motifs.

values ¢
palletes =

plt.show()

Fig. 10. Second Julia Set Combination Creation in Python Code
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In Fig. 10., the algorithm creates selected samples with each
defined color used for this combination.

(a) (b) () (d)

Fig. 11. Julia set with (&) ¢ = 0.63i, (b) ¢ = 0.7i, (c) ¢ = —0.8i,
(d) c = —0.9i

For the last combination, several samples were selected from
[11], [12]. The selection was based on their proportion and
clarity with the Batik motifs.

fig, axes = p

values =

plt.shom()

Fig. 12. Last Julia Set Combination Creation in Python Code

Fig. 12. creates selected samples with each defined color for
the last combination

(a) (b) () (d)

Fig. 13. Julia set with (&) c = 0.37 + 0.1i, (b) c = —0.835 — 0.2321i,
(€) c =—0.772 + 0.103i, (d) c = 0.285 + 0.01.

B. Motifs Used

The Batik motifs of East Kalimantan often draw inspiration
from nature, featuring patterns representing flora, fauna, and
traditional symbols. These motifs serve as decorative art and
share cultural narratives and philosophical values deeply rooted
in the province's heritage. This paper selects several types of
East Kalimantan Batik motifs, as shown in Fig. 14.

(a) (b) (c) (d) (e)

Fig. 15. Selected East Kalimantan Batik Motifs (a) Hiu Taliyasan, (b)
Rutun Penyu, (c) Kuntul Perak, (d) The first Tengkawang Ampiek
Motif, and (e) The second Tengkawan Ampiek Motif.

C. Generating the Batik Motifs Variations

Before generating the variations, certain elements will be
combined to make more visually appealing motifs. The
combining process begins by establishing the layering order of
the East Kalimantan Batik motif and the selected Julia Set. The
first layer is the background, followed by the second layer as the
foreground. This order ensures that both elements maintain their
visual importance. Ensure both images have proper alignment,
achieving a precise and visually perfect combination. The
Python code below demonstrates the implementation of this
combining process.

from PIL import Image

background = Image.open('background.png')

foreground = Image.open('foreground.png")

combined = Image.alpha_composite(background, foreground)
combined.save( ' combined.png"’)

Fig. 14. Combining Algorithm in Python Code

The algorithm in Fig. 14. creates element combinations from
selected East Kalimantan Motifs and Julia Sets.

(a) (b) (c) (d)

Fig. 15. Combination of (a) Hiu Taliyasan Motif and the first Julia Set
in Fig. 9., (b) The first and the fourth Julia Set in Fig. 13., (c) Rutun
Penyu Motif and the second Julia Set in Fig. 11., (d) The fourth Julia
Set in Fig. 9. And the second Julia Set in Fig. 13.

Unfortunately, some complex motifs cannot be combined
effectively due to the complexity requiring Machine Learning
models for precise and perfect combinations. As a result, a
manual combination in Figma is used for such cases.

(a) (b) (c) (d)

Fig. 15. Manual Combination of (a) The second Julia Set in Fig. 9., (b)
The third Julia Set in Fig. 11., (c) The first Julia Set in Fig. 11., (d)
Kuntul Perak Motif and the third Julia Set in Fig. 13.

After creating new beautiful elements, it’s time to generate
the Batik Motifs Variations. The layout for the generation is
shown in Fig. 17.
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For the second variation, the second combination in Fig. 15.,

0 1
0 1st 2nd 1st
Image | Image | [mage the third Julia Set in Fig. 9., the second and the third combination
s in Fig. 15. will be used to the generator. The generator creates
Ird 4th 3rd o A A
tmage | Image | Image the variation as shown in Fig. 20.
5 Ist 2nd Ist
Tmage Tmage Tmage

and
soon...

Fig. 17. Layout for generate the Batik Motifs Variations

Then, the Python code below implements this generating
process by using the predefined layout with four images defined

in order corresponding to the layout.

if flip:
img = img.tr: (Image.FLIP_LEFT_RIGHT)
Fig. 20. The second Batik Motifs Variation

i (width, height))

resizedImage =
pattern.paste(resizedImage, (col * width, row * height), resizedImage)

The last variation uses the second Tengkawang Ampiek, the
fourth combination in Fig. 15., the third and the fourth

Fig. 18. Batik Motif Variations Generator Algorithm in Python Code .
g g y combination in Fig. 16.

The first variation uses the first Tengkawang Ampiek motif,
the second Julia Set in Fig. 9, the first element combination in
Fig. 16., and the first element combination in Fig. 15.

PRI TR
TSR JENR SENR

Fig. 21. The second Batik Motifs Variation

Fig. 19. The first Batik Motifs Variation
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IV. CONCLUSION

This paper presents a method for generating variations of East
Kalimantan Batik motifs by applying the principles of fractal
geometry, specifically using the Julia Set. The proposed
approach successfully merges mathematical concepts with
traditional art to create intricate, visually fascinating patterns
that respect cultural identity while introducing modern
computational techniques.

This approach introduces new creative possibilities for
developing Batik motifs in Indonesia from a mathematical
perspective. The results showed that fractal-based patterns, such
as those obtained from the Julia Set, have enormous potential to
develop Batik motif designs. This method bridges the gap
between art and mathematics, providing a valuable tool for
designers and artists, which will further enhance the richness of
Indonesia's cultural heritage.

Along this line, further research may extend this approach to
deal with more complex motif geometries, such as overlapping
or nested patterns, and possibly integrate Machine Learning
models with the aim of optimizing motif combinations.

V. APPENDIX

The methods and experiments presented in this paper are
implemented in the following GitHub repository:
https://github.com/zirachw/Algeo-JuliaSet

Further explanations of the implementation in this paper are
available in the following YouTube video:
https://youtu.be/0__ 2fKRfFb8
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