Indonesian Journal of Electrical Engineering and Computer Science
Vol. 33, No. 3, March 2024, pp. 1820~1828
ISSN: 2502-4752, DOI: 10.11591/ijeecs.v33.i3.pp1820-1828 g 1820

Artificial intelligence-based Karawo motif formation using

genetic algorithm

Mukhlisulfatih Latief!, Syahrul?, Abdul Muis Mappalotteng®
!Department of Informatics Engineering, Faculty of Engineering, Gorontalo State University, Gorontalo, Indonesia
2Department of Informatics and Computer Engineering Education, Faculty of Engineering, Makassar State University,

Makassar, Indonesia

3Department of Technology and Vocational Education, Faculty of Engineering, Makassar State University, Makassar, Indonesia

Article Info

ABSTRACT

Article history:

Received Nov 1, 2023
Revised Dec 30, 2023
Accepted Jan 11, 2024

Keywords:

Arithmetic transformation
Acrtificial intelligence
Boolean transformation
Genetic algorithm
Geometric transformation
Karawo motif

This research explores the application of artificial intelligence in generating
Karawo motifs, a traditional Indonesian pattern. The research involves
collecting a dataset of existing Karawo motifs and utilizing genetic algorithms
to evolve and create novel pattern variations. The generated motifs are
evaluated based on their adherence to traditional design principles and
aesthetic appeal. The formation of Karawo motifs begins with randomly
selecting image data from a database. Then, the selection of transformation
treatments is performed by optimizing the fitness function within the genetic
algorithm. The applied types of transformations include geometric
transformations, Boolean transformations, and arithmetic transformations.
The outlined genetic algorithm steps include determining the fitness function,
performing its evaluation, selecting fitness values, applying crossover,
implementing mutation, managing survivor selection, and terminating
iterations. The results indicate that the developed system is capable of creating
diverse and appealing Karawo motif patterns, showcasing the potential of
combining traditional artistry with artificial intelligence. This study has the
potential to expand the possibilities of Karawo motif design and contribute to
the preservation and promotion of Indonesian cultural heritage.
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1. INTRODUCTION

Karawo is a traditional motif or pattern originating from Indonesia, specifically the Gorontalo region.
The Karawo motif is characterized by intricate geometric patterns and captivating color combinations, making
it a prominent feature in traditional woven fabrics like songket, sarongs, and other indigenous textiles [1].
The manual creation of Karawo motifs by skilled artisans remains the current practice [2]. This process
demands precision, time, and a profound understanding of geometric patterns and harmonious color
compositions. The intricate nature of Karawo motif creation makes it challenging to automate, hindering

improvements in production efficiency.

In recent years, artificial intelligence (Al) has made significant strides, with genetic algorithms
emerging as a promising method successfully employed in diverse fields, including art and design [3]-[5].
Genetic algorithms leverage the principles of natural selection to explore optimal solutions within complex
search spaces [6]-[16]. In the realm of Karawo motif design, genetic algorithms offer the potential to generate
novel, authentic, and aesthetically pleasing patterns.
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Genetic algorithms, known for their optimization capabilities, are particularly well-suited for
navigating complex design spaces. Given that Karawo motifs involve a combination of geometric, Boolean,
and arithmetic transformations, creating a complex design space, genetic algorithm efficiently optimizes these
combinations to meet desired design criteria [17]-[19]. Genetic algorithms strength lies in exploring vast and
intricate solution spaces, making it suitable for the diverse variations inherent in Karawo motifs. Operating on
a population-based approach, genetic algorithms aligns with the evolutionary principles found in traditional
art, where motifs evolve through variation and natural selection. Moreover, genetic algorithms adaptability to
uncertainty and design preference variations makes it a robust choice for handling the dynamic nature of artistic
preferences. Its adaptive nature and ability to handle changes in the design environment further contribute to
its suitability for exploring and enhancing the creativity of Karawo motif patterns. In summary, the selection
of genetic algorithm reflects a desire to leverage evolutionary optimization methods to achieve diverse and
aesthetically appealing Karawo motif designs.

Previous studies have addressed engaging teenagers with traditional Karawo textiles, producing
contemporary ornamental fabrics by blending traditional and urban influences [1]. Designs, inspired by Bili’u
wedding dresses and modern icons, align with teenagers’ preferences, emphasizing dynamism, energy,
uniqueness, and fashion-forwardness. This research highlights Karawo’s potential to sustain traditional textiles.
Another study explores craftsmen proficiently applying Karawo motifs to garments, showcasing their skill in
the learning process stages [2]. Additionally, a separate study introduces a novel design method, interactive
genetic algorithm with individual fuzzy interval fitness (IGA-BPFIF), incorporating user preferences in
alternative pattern creation, contributing to traditional pattern preservation. Experiments demonstrate 1GA-
BPFIF’s effectiveness, collectively offering insights into traditional motifs and innovative design methods,
enriching the intersection of tradition, technology, and creativity [4].

While research on applying Al to art and design has been conducted, the utilization of genetic
algorithms for crafting Karawo motifs remains relatively limited. This study addresses this gap by developing
a system that utilizes Al through the genetic algorithm method to create Karawo motifs. In the genetic algorithm
applied in this research, a thorough exploration is conducted to search for the optimal fitness function and
weight values essential for shaping the Karawo motif pattern. This involves a systematic investigation into
various combinations of fitness criteria and corresponding weights. The fitness function serves as a critical
benchmark, assessing the effectiveness of each potential solution in generating high-quality Karawo motifs.
Through the iterative nature of genetic processes such as selection, crossover, and mutation, the algorithm fine-
tunes these weight values. The ultimate goal is to achieve an optimal combination that enhances the overall
aesthetic and structural qualities of the Karawo motifs, ensuring a meticulous and well-calibrated approach to
motif formation.

The anticipated outcome of this research is to contribute to the advancement of automated techniques
for crafting Karawo motifs using artificial intelligence. The implementation of genetic algorithms is poised to
yield diverse and authentic motifs, maintaining the unique characteristics and individuality of Karawo designs.
Furthermore, this research is expected to create new avenues for integrating Al into the traditional craft industry
of Indonesia.

2. METHOD

This research endeavors to create an automated system dedicated to the generation of Karawo motifs
through the implementation of artificial intelligence, specifically employing the genetic algorithm method.
The proposed methodology involves several crucial steps that contribute to the development and enhancement
of the Karawo motif creation process. These key steps encompass:

2.1. Data collection

In this research, 30 images of Karawo motifs are employed, subjected to diverse transformation
treatments for the generation of novel pattern motifs. The visual representation of Karawo motifs can be
observed in Figure 1. These images serve as the foundation for exploring and creating innovative pattern
variations through the application of transformation techniques.

2.2. Application of genetic algorithm

The application of the genetic algorithm involves determining the optimal values for transformations
on the Karawo motif image, encompassing geometric, arithmetic, and Boolean transformations. Guided by
genetic principles through iterative processes, the algorithm systematically explores and refines these values
across generations. It aims to identify the most effective combination that enhances the visual aspects of the
Karawo motif image. The specific values for geometric, arithmetic, and Boolean transformations within the
genetic algorithm are presented in Tables 1 to 3.
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Figure 1. 30 images of Karawo motifs

Table 1. Values for geometric transformations in the genetic algorithm
Value in the genetic algorithm  Type of geometric transformation

1 Rotation 45°

2 Translation

3 Horizontal flip
4and 0 Vertical flip

Table 2. Values for Boolean transformations in the genetic algorithm
Value in the Boolean algorithm  Type of Boolean transformation

Oand 1 NOT
2 XOR
3 AND
4 OR

Table 3. Values for arithmetic transformations in the genetic algorithm
Value in the arithmetic algorithm  Type of arithmetic transformation

Oand 1 Multiply
2and 3 Add
4 Subtract

In the application of the genetic algorithm to the Karawo motif image, several key steps are
meticulously followed. First, the fitness function is determined, setting the criteria for the evaluation process.
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Subsequently, the fitness function is rigorously evaluated, assessing the effectiveness of the selected
parameters. Following this, the genetic algorithm undergoes a fitness value selection phase, where the most
promising candidates are chosen for further evolution. The process then proceeds to crossover, introducing
genetic recombination to diversify the solution space. Mutation follows, introducing small random changes to
enhance exploration. The survivor selection or replacement process carefully manages the retention of
individuals for the next generation. Finally, the iterative process continues until the termination criteria are
met, ensuring the algorithm converges to an optimal solution or a predefined endpoint [20]-[24].

2.2.1. Determining the fitness function

Determining the fitness function is a critical step in the application of the genetic algorithm to the
Karawo motif image. The fitness function used serves as a pivotal criterion for evaluating the effectiveness of
the selected parameters and guiding the evolutionary process. By defining and implementing a robust fitness
function, the algorithm can systematically assess and enhance the quality of generated motifs. The fitness
function used is as (1) [25]:

f=wixx—wyxy 1)
where:
f is the fitness function,
w; is the weight for the first image,
x is the transformation treatment value for the first image,
w, is the weight for the second image,
y is the transformation treatment value for the second image.

In this process, the first and second images are different. Both of these images are randomly selected
from the database. The values of w; and w, are determined through trial and error to obtain the optimal
selection of geometric transformation types. In this process, the value of w; is set to 0.2, while the value of
w, is set to 0.3. For the fitness function, it is determined that the search for the optimum value uses the
maximum function. Therefore, the fitness function can be rewritten as (2) [25]:

fmax = 02xx—0,4x%y 2
where:
fmax 1S the maximum fitness function,
x is the transformation treatment value for the first image,
y is the transformation treatment value for the second image.

2.2.2. Performing fitness function evaluation

In this transformative process, random numbers are generated to determine the values of the
transformation treatment for both the first image (x) and the second image (y). These randomly generated values
play a crucial role in shaping the fitness function. The equation used for fitness function evaluation incorporates
these values, providing a quantitative measure to assess the efficacy of the transformation treatments and guide
the optimization process. The equation used for fitness function evaluation is as (3) to (5) [26]-[29]:

x = (max_x — min_x) *rand(1,1) + min_x (3)
y = (max_y — min_y) *rand(1,1) + min_y 4)
flx,y) = 02*x—-04=*y (5)

where:

x is the transformation treatment value for the first image,

y is the transformation treatment value for the second image,

min_x is 0, max_x is 3 (transformation treatment values range from 0 to 3),
min_y is 0, max_y is 3 (transformation treatment values range from 0 to 3),
rand is a random number between 0 and 1,

f(x,y) is the fitness function.
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2.2.3. Fitness value selection

In the iterative generation of random numbers for fitness function evaluation, the process is repeated
four times, producing a set of four fitness values. These values are then systematically sorted, and the maximum
value, denoted as f,,4,, IS identified. This method ensures a comprehensive exploration of fitness values,
facilitating the selection of the most optimal candidate for further steps in the genetic algorithm [30].

2.2.4. Crossover

In the process of fitness function evaluation, the transformation treatment values (x and y) are crossed
over to obtain the best composition of values. This step is a critical part of the genetic algorithm, where genetic
recombination is performed to create potential variations and enhance the quality of solutions. By obtaining
the best composition of values through the crossover process, the genetic algorithm can generate more unique
and optimal Karawo motif patterns [31].

2.2.5. Mutation

During the mutation process, a gene replacement occurs, involving the generation of a random number
for one of the transformation treatment values for both the first image (x) and the second image (y).
This stochastic modification introduces variability in the genetic makeup, contributing to the exploration of
novel patterns within the Karawo motif. The random replacement of genes enhances the algorithm’s ability to
adapt and discover unique combinations of transformation treatments [32].

2.2.6. Survivor selection or replacement process

Following the generation of random numbers in the mutation process, N chromosomes are carefully
chosen from the combination of the previous population. These selected N chromosomes are designated as the
population for the subsequent iteration or cycle of the genetic algorithm. This strategic selection process
ensures the retention of promising genetic material, facilitating the continuity of the algorithm’s evolution
toward optimal solutions [33].

2.2.7. Termination of iterations

The iteration will stop when the specified number of cycles is reached. In this study, a cycle value of
10 is used. When the iteration stops, the optimum fitness value is obtained. This value represents the
transformation treatment values that will be applied to each image [34].

3. RESULTS AND DISCUSSION

This study utilizes three types of transformations in the formation of Karawo motifs, namely
geometric transformations, Boolean transformations, and arithmetic transformations. Geometric
transformations used include translation, rotation, horizontal flip, and vertical flip. Boolean transformations
used include AND, OR, NOT, and XOR. The arithmetic transformations used are Add, Subtract, and Multiply.
The formation of Karawo motifs begins with randomly selecting two images. The randomly selected images
are shown in Figure 2, with the first random image in Figure 2(a) and the second random image in Figure 2(b).
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Figure 2. Two randomly selected images (a) first image and (b) second image
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In the random generation process, the generated values for geometric transformation treatments from
the genetic algorithm are 4, 4, 4, and 4. The performed transformations include a vertical flip on the first image,
a vertical flip on the second image, followed by an OR and Subtract transformation. The results of the
transformations on the two selected images are shown in Figure 3, with a vertical flip applied to the first image
in Figure 3(a), a vertical flip applied to the second image in Figure 3(b), and a logical OR and subtract operation
performed on Figure 3(a) and 3(b) in Figure 3(c).
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Figure 3. Transformation results on two images; (a) vertical flip on the first image, (b) vertical flip on the
second image, and (¢) OR and subtract on images a and b

Table 4 illustrates various outcomes of the Karawo motif formation process. These results offer a
comprehensive overview of the diversity and visual appeal achieved through the application of the genetic
algorithm. The table serves as a visual representation of the algorithm’s effectiveness in generating distinct
Karawo motifs.

In this study, a Karawo motif generation system using genetic algorithms has been successfully
developed. The formation of Karawo motifs begins with randomly selecting image data from a database.
Then, the selection of transformation treatments is performed by optimizing the fitness function within the
genetic algorithm. The applied types of transformations include geometric transformations, Boolean
transformations, and arithmetic transformations. For future development of the Karawo motif generation
system, the authors suggest further enhancements to the genetic algorithm and transformation treatments to
generate more diverse Karawo motif patterns.

On the other hand, a study aimed at developing contemporary ornamental textiles of Karawo for
teenagers revealed that the existing ornamental designs have not attracted teenagers, possibly due to the lack
of appeal [1]. The experimental research produced contemporary ornamental textiles by combining traditional
and urban culture, resulting in designs that meet teenagers’ preferences for dynamic, energetic, unique, and
fashionable styles. Another research focused on the application of traditional Gorontalo motifs in clothing [2].
The study used a qualitative method to investigate the learning process and application of Karawo motifs by
craftsmen. The craftsmen successfully applied Karawo motifs to various traditional garments, demonstrating
the stages of preparation, learning, and evaluation. Lastly, a novel design method using an interactive genetic
algorithm with individual fuzzy interval fitness was introduced to create alternative complex patterns [4].
The study emphasized the integration of quantitative rules of aesthetic evaluation and user cognition through a
surrogate model based on the error backpropagation neural network. This approach effectively designed
innovative patterns matching users’ preferences and contributed to the heritage of traditional national patterns.

The comparison of the research outcomes highlights several key challenges for future investigations
on Karawo motifs. First and foremost is the imperative to diversify motifs and transformations, ensuring a
broader spectrum of creative outputs. Secondly, there is a need to develop more interactive systems, especially
in response to teenage preferences, as demonstrated by the second research. Balancing the integration of
traditional heritage with innovative techniques, as seen in the third study, poses another challenge for future
endeavors. Advancements in algorithm sophistication, including efficiency and handling increased complexity,
represent an ongoing challenge. Collaboration with traditional industries and communities is essential for
practical implementation and sustainability. Lastly, enhancing user involvement, feedback mechanisms, and
evaluation processes will be critical in refining and advancing Karawo motif generation systems. Addressing
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these challenges will contribute to the continued evolution of Karawo motifs, combining tradition with
innovation and meeting the preferences of diverse user groups.

Table 4. Several results of Karawo motif formation
No  Type of transformation Original image Transformation result
1 Flip horizontal
rotation 45°
AND
Add

2 Flip horizontal
flip vertical
AND
Add

3 Flip vertical
flip vertical
OR
Subtract

4. CONCLUSION

In this study, a Karawo motif generation system using genetic algorithms has been successfully
developed. The formation of Karawo motifs begins with randomly selecting image data from a database.
Then, the selection of transformation treatments is performed by optimizing the fitness function within the
genetic algorithm. The applied types of transformations include geometric transformations, Boolean
transformations, and arithmetic transformations. For future development of the Karawo motif generation
system, the authors suggest further enhancements to the genetic algorithm and transformation treatments to
generate more diverse Karawo motif patterns.
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