Joinforcs: Journal of informatics and information system

Volume 1, (1) 2026, p. 38-43

E-ISSN : XXXX-XXXX

©2026. The Author(s). This is an open acces article under cc-by-sa

Clustering Analysis of Kepler Exoplanet Data Using the Simple K-Means

Algorithm

Nanda Rahma Anggyta %", Indi Najwa Alifia 2, Putri Alfiya 3
2STMIK AMIKOM Surakarta, Kartasura, Sukoharjo, 57163, Indonesia
! nanda.10449@mhs.amikomsolo.ac.id , 2indi.10456 @mhs.amikomsolo.ac.id , ® putri.10459@mhs.amikomsolo.ac.id
* corresponding author

Article Info Abstract

The discovery of exoplanets has generated a massive volume of

Article History: astronomical data, requiring efficient analytical methods to detect

Received Dec 30, 2025 hidden patterns and features. One approach that can be implemented
Revised Jan 23, 2026 is clustering using data mining techniques. This study aims to examine
Accepted Feb 06, 2026 the clustering process of exoplanet data obtained from the Kepler

Telescope using the Simple K-Means algorithm. The data analyzed in
Keywords : this research were sourced from the Kepler exoplanet dataset and

Clustering, Data Mining,
Eksoplanet, Simple K-Means,
Teleskop Kepler, WEKA

processed using the WEKA software. The research stages included
data selection, preprocessing, clustering implementation, and

evaluation of clustering results. The clustering process was carried out
using the Simple K-Means algorithm with several predefined clusters
to identify similarities in exoplanet characteristics. The results
indicate that the algorithm can effectively group exoplanet data based
on similar characteristics and produce satisfactory cluster
distributions with a minimal error rate. In addition, the clustering
This work is licensed under a visualization suc_:cqssfully illustrated thg d'istribution patterns of
Creative Commons Attribution- exoplanet data within each cluster. These findings suggest that Simple
ShareAlike 4.0 International K-Means can be efficiently applied for exoplanet data exploration and
License support the process of astronomical data analysis. This study is
expected to contribute to the development of data mining applications
in the field of astronomy, particularly in exoplanet data analysis.

1. Introduction

Advances in contemporary astronomical technology have increased the volume of space observation
data, particularly in the study of exoplanets. Exoplanets are planets located outside our solar system and
are a major focus of research in astronomy because they can provide insights into the characteristics of
planetary systems in the universe [1]. One of the largest projects in the search for exoplanets is NASA’s
Kepler Telescope, which has successfully collected massive amounts of astronomical data through
continuous observations [2]. The sheer volume of data generated poses challenges in the analysis process
because the data is complex and high-dimensional, requiring effective and efficient data processing
methods.

A commonly used approach for analyzing astronomical data is data mining. Data mining is the process
of extracting information and hidden patterns from large volumes of data using specific computational
techniques [3]. In the field of astronomy, data mining can help researchers identify distribution patterns,
the properties of celestial objects, and relationships between data that are difficult to identify manually [4].
One common technique in data mining is clustering. Clustering is a method of grouping data based on
similar characteristics, so that data within a single group share higher similarities compared to data in other
groups[5][6]-

One popular and widely used clustering technique is K-Means Clustering. It works by dividing the data
into a number of clusters based on the shortest distance to each cluster’s centroid [7]. The implementation
often chosen is Simple K-Means because its computational process is simple, fast, and efficient for
clustering high-dimensional data [8]. Furthermore, this algorithm can generate data scatter plots that
facilitate the exploration and interpretation of patterns in astronomical data [9].
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Various previous studies indicate that clustering techniques can be efficiently applied in many fields,
such as healthcare, business, and astronomical data analysis. Kurniawan et al. [10] found that the K-Means
algorithm can produce satisfactory data clustering based on the similarity of data characteristics. Research
by Rahman and Putra [11] notes that clustering is effective for analyzing large datasets because it can
automatically detect hidden patterns. Additionally, the international study by Mishra et al. (2023) [12]
demonstrates that clustering algorithms perform well in high-dimensional astronomical data analysis.
Alkhateeb et al. (2024) [13] explain that the application of data mining techniques to astronomical datasets
helps identify patterns in the distribution of celestial objects more efficiently. Zhang et al. (2022) [14] report
that K-Means Clustering can provide effective clustering results on large-scale astronomical data with high
cluster accuracy. Kumar and Singh (2023) [15] emphasize that visualizing clustering results in
astronomical data facilitates a deeper and more structured interpretation of the distribution patterns of
celestial objects.

Although clustering has been extensively studied, the majority of studies still focus on its application
in the business and healthcare sectors, while the use of clustering on exoplanet data remains limited.
Furthermore, few studies have specifically examined the distribution of exoplanet data using the Simple K-
Means algorithm along with cluster visualizations to identify characteristic patterns of exoplanets in greater
depth. Therefore, this study offers an innovation by applying Simple K-Means to the Kepler exoplanet
dataset to analyze the distribution patterns of exoplanet data based on their shared characteristics.

Thus, this study focuses on the clustering analysis of exoplanet data using the Simple K-Means
algorithm on the Kepler Telescope dataset. It is hoped that the results will contribute to the development of
data mining applications in the field of astronomy and facilitate the process of exploring exoplanet data
more effectively and efficiently.

2. Research Methodology

This study applies a quantitative approach using data mining techniques to evaluate the clustering of
exoplanet data with the Simple K-Means algorithm. The data used were sourced from the Kepler Exoplanet
Dataset, downloaded from an open-access astronomy repository, and processed using WEKA 3.8 software
for clustering. The data includes exoplanet observations with several key attributes, such as orbital period,
planetary radius, equilibrium temperature, and stellar flux, which describe the physical properties of
exoplanets. The purpose of using this data is to uncover distribution patterns and similarities in
characteristics among exoplanets based on the available attributes.

Start

1. Data Collection

Kepler Exoplanet Dataset
(Open Astronomical Data)

2. Data Preprocessing

Figure 1. Research Flow
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The research began by collecting an exoplanet dataset from the Kepler Telescope. Once the data was
available, preprocessing was conducted to improve data quality prior to the clustering process.
Preprocessing included data cleaning, removal of missing values, selection of relevant attributes, and data
normalization. Data cleaning aims to remove inconsistent or duplicate data, while normalization adjusts the
scale between attributes to optimize distance calculations in the clustering process. This stage is crucial
because data quality significantly impacts the clustering results produced by the algorithm.

After preprocessing is complete, the next step is to perform clustering using the Simple K-Means
algorithm. This algorithm divides the data into several groups based on the similarity of data characteristics
to the cluster center (centroid). The number of clusters is determined according to the needs of the
exploratory analysis of exoplanet data distribution patterns and the results of preliminary tests on the
dataset. Clustering is performed iteratively until the centroid values stabilize and do not change
significantly. The proximity between data points is calculated using Euclidean Distance with the following

equation:
d(x,y) = Xz (xi — yi)?
where:

d(x,y) : distance between data points,
Xi : attribute value of the data,

yi : centroid value,

n : number of attributes.

The next step is to evaluate the clustering results. The evaluation is based on the cluster distribution,
the number of elements in each cluster, the iteration process, and the error rate produced by the algorithm.
Additionally, this study utilizes cluster visualization to facilitate the interpretation of exoplanet data
distribution patterns within each cluster. This visualization helps observe the similarity of data
characteristics and the distribution patterns of exoplanets according to the obtained clustering results. In
general, the research process includes collecting exoplanet datasets, data preprocessing, applying the
Simple K-Means algorithm, evaluating the clustering results, and visualizing the cluster distribution. This
methodology is designed systematically and structurally to produce effective and informative clustering
analysis that complies with the standards of accredited national journals.

3. Results and Discussion

This study applies clustering techniques to exoplanet data using the Simple K-Means algorithm to
identify distribution patterns and common characteristics in exoplanet data extracted from the Kepler
Telescope dataset. Clustering was performed using the WEKA 3.8 software after the data underwent
preprocessing and normalization. The analysis of the research results focuses on cluster distribution, the
number of members in each cluster, the error rate, and the visualization of data distribution patterns.

Dataset Visualization

The dataset was visualized to observe the initial distribution patterns of the exoplanet data before the
clustering process was applied. The visualization results show that the exoplanet data is distributed in a
complex manner with unique attribute variations in each entry. Therefore, a clustering technique is needed
to facilitate the grouping of data based on the similarity of their characteristics.
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Figure 2. Initial Distribution of Exoplanet Dataset

Clustering Process Using Simple K-Means

The clustering process was performed using the Simple K-Means algorithm, in which the number of
clusters was determined following an initial exploration of the dataset. This algorithm groups data based
on the Euclidean distance between each data point and the cluster centroid, then iterates repeatedly until
the centroid positions no longer change. The clustering results indicate that the algorithm successfully
divided the exoplanet data into several groups with similar characteristics. The resulting cluster distribution
shows a fairly good separation of the data, thereby facilitating the analysis of exoplanet distribution patterns.
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Figure 3. Simple K-Means Clustering Process
Clustering Result Analysis
After testing with the Simple K-Means algorithm, a clustering of the exoplanet data was obtained that
showed a fairly satisfactory cluster distribution. The clustering evaluation is shown in Table 1.

Table 1. Clustering Result Distribution

Cluster Number of  Percentage
Instances
Cluster 0 446 13%
Cluster 1 2341 69%
Cluster 2 585 18%

From Table 1, Cluster 1 contains the largest proportion of data at 69%, while Cluster 0 has the smallest
proportion at 13%. This imbalance indicates that the majority of exoplanet data share similar characteristics
and are concentrated in a single cluster, while the other clusters exhibit distinct variations in characteristics.
In addition to the cluster distribution pattern, the algorithm evaluation indicates that the error rate in the
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clustering process is very low, meaning the algorithm can effectively group the data. The evaluation results
are shown in Table 2.

Table 2. Clustering Evaluation Result

Evaluation Metric Result
Number of Clusters 3
Iterations 500
Error Rate 1.1566%
Processing Time 0.07 sec

According to Table 2, the Simple K-Means algorithm can perform the clustering process with high
computational speed and a low error rate, indicating that this method is sufficiently effective for exploring
high-dimensional exoplanet data.

I b o -
Figure 4. Exoplanet Cluster Visualization

The study found that the Simple K-Means algorithm can effectively cluster exoplanet data based on the
similarity of their characteristics. The clustering process produced a clear cluster distribution, facilitating
the identification of exoplanet distribution patterns in the Kepler Telescope dataset. Furthermore, the low
error rate indicates that the algorithm performs consistently well in clustering astronomical data.

The findings in this study are consistent with previous studies indicating that clustering techniques can
be effectively applied to high-dimensional data exploration and facilitate the identification of hidden
patterns in astronomical datasets [12] [13]. Furthermore, the use of cluster visualization in this study aids
in interpreting the distribution of exoplanet data, making the patterns of similarity among the data more
evident.

Although the Simple K-Means algorithm can produce adequate clustering, this study remains limited
in its exploratory determination of the number of clusters. Furthermore, the clustering results are highly
influenced by data quality and the selection of attributes during the analysis process. Therefore, future
research could explore other clustering methods such as DBSCAN, Hierarchical Clustering, or deep
learning-based algorithms to achieve more optimal and accurate clustering results.

Overall, the research findings indicate that the Simple K-Means algorithm can be effectively applied to
the analysis and exploration of exoplanet data. This approach facilitates the identification of patterns in
astronomical data distribution in a more structured and efficient manner, thereby supporting the
advancement of data mining-based research in the field of astronomy.

4. Conclusion

According to the study’s findings, the Simple K-Means algorithm proved effective in clustering
exoplanet data in the Kepler Telescope dataset based on the similarity of data properties. The clustering
process yields a satisfactory cluster distribution with a low error rate and fast computation time. Cluster
visualizations show that exoplanet data can be divided into several groups with distinct distribution patterns,
thereby facilitating the exploration and interpretation of astronomical data. This study also confirms that
the application of data mining techniques, particularly clustering, can improve the analysis of large-scale

% https://joinforcs.iastinsitute.com 42


https://joinforcs.iastinstitute.com/index.php/Joinforcs/index

Joinforcs: Journal of informatics and information system

Volume 1, (1) 2026, p. 38-43

E-ISSN : XXXX-XXXX

©2026. The Author(s). This is an open acces article under cc-by-sa

astronomical datasets in a more systematic and efficient manner. However, the clustering results are still
influenced by the determination of the number of clusters and the choice of attributes used. Therefore,
future research is expected to employ other clustering methods such as DBSCAN, Hierarchical Clustering,
or deep learning-based approaches, and utilize larger datasets to achieve more optimal and accurate
analyses.
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