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ABSTRACT

This study aims to cluster water quality data from Nile tilapia ponds using the Mean Shift Clustering method. The
parameters used to analyze water quality include temperature, pH, turbidity, and salinity, which are cru-cial
factors for the growth and health of Nile tilapia. The data used in this research consist of water quality
measurements from several Nile tilapia ponds. The clustering process seeks to identify groups of data with simi-
lar water quality characteristics, providing insights into optimal environmental conditions for tilapia farming.
The clustering results reveal several distinct groups of water quality based on variations in temperature, pH,
turbidity, and salinity. Results of the experiment show that a bandwidth value of 400 successfully identifies a
relatively simple number of clusters, specifically four clusters. The Mean Shift Clustering method proves effec-
tive in grouping data without requiring assumptions about data distribution and can detect clusters with arbi-
trary shapes. Consequently, the findings of this study can be used to provide recommendations for improving
water quality to enhance tilapia pond productivity.
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1. INTRODUCTION

Water quality is one of crucial factors in supporting the health and growth of fish, especially in
aquaculture such as Nile tilapia (Oreochromis niloticus) farming. Parameters of water quality, such as
temperature, turbidity, pH, and salinity, play a vital role in creating an optimal environment for fish
growth. Therefore, monitoring and managing water quality are essential for the success of aquaculture
and maintaining the ecological balance of the ponds.

Clustering methods offer an effective approach in analyzing water quality data. These methods
enable grouping data based on similar characteristics without requiring specific labels or categories.
One of the advanced clustering methods is Mean Shift Clustering, which can automatically detect cluster
centers without assuming a specific data distribution. This method works by updating the cluster center
positions based on data distribution, enabling it to identify groups with varying density levels.

Several studies have demonstrated the advantages of Mean Shift Clustering. For instance, Chen
(2018) showed that this method addresses the limitations of K-Means Clustering, such as its dependency
on the initial centroid initialization, resulting in more consistent clusters. Other studies by Zhou (2017,
2019) highlighted the application of Mean Shift in ceramic image segmentation and signal analysis with
high accuracy. Moreover, research by Peng (2016) and Fei Ma et al. (2006) indicated that clustering
techniques like Mean Shift can optimize water quality monitoring by managing dynamic changes,
conserving resources, and improving efficiency.

In the context of water quality monitoring, previous studies have used other clustering approaches,
such as K-Means. Hanifah (2019) employed this method to monitor river water quality in Cimahi City
through IoT-based data acquisition. Jerom (2020) developed an loT-based water quality monitoring
prototype equipped with sensors for temperature, pH, dissolved oxygen, and dissolved carbon dioxide,
installed on floating boats to ensure accurate measurements.

Based on this background, this study aims to cluster water quality data from Nile tilapia ponds using
the Mean Shift Clustering method. The data include temperature, turbidity, pH, and salinity parameters
collected periodically from various pond locations. The clustering results are expected to provide
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insights into water quality variations at each site, aiding in more effective water quality management
and identifying patterns that influence the health and productivity of Nile tilapia. This research also aims
to contribute to the development of more sustainable aquaculture technology.

2. Research Stages

2.1 Water Quality Data Acquisition

The research conducted by Wongmeekaew et al. (2019) utilized parameters such as
temperature, pH, dissolved oxygen levels, and water level to monitor water quality in Nile tilapia ponds.
In the study by Lidya et al. (2024), the parameters used were temperature, pH, water turbidity, and
salinity levels. The sensors employed in their system included the DS18B20 sensor for temperature
readings, the Turbidity sensor for measuring water turbidity, the SKU SEN0161 sensor for pH
monitoring, and the Salinity sensor for salinity level measurement. All these sensors were connected to
an Arduino Uno microcontroller, which transmitted data in real-time to a web-based platform using the
Node MCU ESP32 module. The complete design of the data acquisition device is as follows:
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Figure 1. Framework Design of the Data Acquisition Device

This study utilized unlabeled data as the clustering objects, consisting of 115 data points
collected over a 24-hour monitoring period with a data acquisition interval of every 10 minutes.
Monitoring was conducted at a Nile tilapia pond owned by a local resident in Kuala Kerto, Lapang
Subdistrict, North Aceh Regency.

2.2 The Implementation of Mean Shift Clustering

This research method uses the Mean Shift Clustering algorithm to perform water quality data
clustering. Mean Shift Clustering is a representative method that seeks the cluster center in the data
distribution by shifting the centroid toward data concentrations within a specified range (Baek, 2018).
This process continues until the variance value is lower than the previous iteration, resulting in
convergence to a local minimum value rather than a global minimum.

The Mean Shift Clustering algorithm has the advantage of automatically determining the
number of clusters based on the bandwidth radius range. This bandwidth radius plays a crucial role in
influencing the clustering results because it determines the data density threshold used to form clusters.
Mean Shift groups data based on density in a high-dimensional space, resulting in clusters that align with
the data characteristics (Zhou, 2019; Utari, 2024). Technically, the Mean Shift algorithm consists of two
main tasks:
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1. Removing Exceptional Data — Data that does not meet consistency patterns are excluded from the
clustering process.

2. Combining Normal Data — Data with similar characteristics are grouped into a specific cluster based on
unique points that are converged after a limited number of iterations (Chen, 2021; Cariou, 2022).

In this study, the Mean Shift Clustering algorithm is used to partition the water quality data set from the
pond, assigning labels to each data point based on the convergence results. The data used includes parameters
such as temperature, turbidity, pH, and salinity, which are collected periodically. The determination of the
bandwidth radius and iterative processing are performed to generate optimal clusters that align with the
observed data distribution patterns. The Mean Shift update equation is written as follows:

®
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Steps of the Mean Shift Clustering Algorithm (taken from Utari, 2024):

1. Determine the type of kernel to be used and the bandwidth width (h) that will control the range for
neighbor search. Kernel function :

(Equation 1, in the paper A Novel ...)

k) = (5) 0 ;)

where 4 is the bandwidth that influences the distance or radius from the cluster center when
calculating the mean shift. The Gaussian or Epanechnikov (¢) functions allow the determination of
weights for each data point based on its distance from the cluster center.

2. [Initialize the initial mass centers that will serve as the centroids.

3. For each centroid, recalculate the new mass center using the Mean-Shift formula.

m(x) = 2(k(x —x)x;)
Yk(x—x)

The calculation of the new mass center ((x)) is based on the total of the kernel function ((x—) )
divided by the total of the kernel function values (K(x—xi )) within the given kernel radius, where x
is the current mass center and xi is a data point within the kernel radius.

3. Repeat the calculation of the new mass center for each centroid until the centroid no longer changes

4. or meets the stopping criteria that have been set, such as reaching the specified maximum number of
iterations.

5. After the convergence process, each centroid will represent the mode or center of the identified data
cluster.

3. RESULTS AND DISCUSSION
The results of the research show that 96 clusters were formed using a bandwidth value of 2 and 4
clusters were formed using a bandwidth value of 400. The following displays the number of clusters
formed with various bandwidth value trials.:
Table 1. Number of Clusters Formed Based on Bandwidth
Bandwith Number of Clusters Formed
96
87
79
76
72
70
67
66
23
100 17
200 10
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12 400 4

From the experiment results, it can be seen that the higher the specified bandwidth value, the
fewer the number of clusters formed. This occurs because the bandwidth radius range becomes larger,
allowing it to accommodate more scattered data into a single cluster. If assumed that only a few clusters
are needed, then the most optimal bandwidth value in this study is 400. The membership of each data
point to each cluster can be seen in the following table:

Table 2. The Result of Water Qaulity Data Clustering Process

No. Formed Cluster Data of Cluster Member
1 1 1 - 45, 50-54, 56-65, 67-69, 71,72, 74,75, 79-81,
84-89,91,92,95,97,102,104-108, 110, 111,
114,115
2 2 73,76,78,94,96,98,100,101, 113
3 3 66,70,77,82,83,93,99,109, 112
4 4 46,47,48,49,55,90,103

The distribution of the members of each cluster can be seen in the following figure :

Mean Shift Clustering Results
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Figure 2. Distribution of Water Quality Data in Each Cluster

4. CONCLUSION

Global warming and awareness of the need to reduce greenhouse gas emissions have prompted greater
attention to energy efficiency in the HVAC industry, where air conditioning (AC) systems play an
important role in providing thermal comfort. However, selecting the right air conditioning system is
often challenging due to the various factors that need to be considered, such as energy efficiency,
operational costs, system reliability and environmental impact. To address this complexity, Complex
Proportional Assessment (COPRAS) emerges as an effective multi-criteria analysis method in evaluating
AC system alternatives by considering a number of criteria simultaneously. Although the potential of
COPRAS has been demonstrated in various contexts, its application in determining AC system traffickers
is still limited. Therefore, this study aims to explore the possible application of COPRAS in this context
and identify key factors to consider in determining the optimal AC system trafficker. The evaluation
results using the COPRAS method show that Medan Elektronik with a score of 100 and Citra Inovasi
Prima with a score of 100 are the top choices in the selection of AC system traffickers that can be used
as a reference in the selection. It is hoped that this research will contribute to the development of more
sophisticated and applicable analysis methods in the HVAC industry and assist decision makers in
making more informed and sustainable decisions regarding the selection of air conditioning systems.
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