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Abstract

Essential oil is one of the high foreign exchange earning export commodities for Indonesia.
Unfortunately, the high world market demand for essential oils has not been fully supplied by
Indonesia. In Indonesia, essential oils generally come from farmers who have relatively small land
and are then processed using simple distillation equipment. The same thing also happened in Kab.
Bangkalan, Madura. This condition is the main reason why Indonesia's essential oil production is not
optimal. To find out the distribution potential of essential oil-producing plants in Bangkalan
Regency, it is necessary to have a step in building a system that can group the distribution areas of
essential oil-producing plants, for this we need a clustering method. This study uses the K-Means
Clustering method and uses the Euclidean algorithm to group the distribution areas of essential oil-
producing plants, especially in Bangkalan Regency, so that later they can be identified based on
clusters and displayed in visual form, namely in the form of digital maps using the Geographic
Information System (GIS) application. Therefore, it is hoped that this research will be able to find out
the distribution area of essential oil-producing plants in order to make it easier for local governments
to monitor the potential of essential oil-producing areas in Bangkalan Regency.
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INTRODUCTION

Essential oil is one of the high foreign exchange earning export commodities for Indonesia. The
high world demand for essential oils is very profitable for Indonesia, because this high demand is
a huge opportunity, because Indonesia is a tropical country that has a very suitable climate for
developing essential oil-producing plants with good quality and quantity. This high demand
indicates a relatively high price level. These opportunities and conditions should be a trigger for
Indonesia to optimize its existing potential. Unfortunately, the high world market demand for
essential oils has not been fully supplied by Indonesia. In Indonesia, essential oils generally come
from farmers who have relatively small land and are then processed using simple distillation
equipment.

The same thing also happened in Bangkalan Madura Regency. This condition is the main reason
why Indonesia's essential oil production is not optimal. Bangkalan Regency is rich in other
essential oil-producing plants such as nutmeg, cloves, citronella, cinnamon, eucalyptus, etc. To
find out the distribution potential of essential oil-producing plants in Bangkalan Regency, it is
necessary to develop a system that can classify the distribution areas of essential oil-producing
plants.
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Geographic Information System (GIS) is a computer system designed to obtain, store, manipulate,
analyze and manage geographic data and then present it as geographic information in the form of
digital maps [5]. With the mapping of the distribution of essential oil-producing plants, it is certain
that it can help interested parties to obtain information in real time about regional conditions in
Bangkalan Regency.

K-Means Clustering is a method of grouping or clustering that is easy and does not require a long
estimate of time to process large data [6]. The Geographic Information System (GIS) can display
the results of grouping the distribution of essential oil-producing plants in Bangkalan Regency in
the form of a map of an area clearly and can be stored, modified and updated on a regular basis.
In previous studies, research has been conducted to show that K-Means Clustering has an accuracy
value of 83.33% compared to Fuzzy C-Means which has an accuracy value of 50% in classifying
poverty data in Gunung Kidul Regency. K-Means Clustering is also better at determining
membership values compared to Algorithm Hierarchical Clustering (AHC).

This proves that K-Means Clustering can provide good results in the process of grouping data. By
using the K-Means Clustering method to classify the distribution areas of essential oil-producing
plants in Bangkalan Regency.

MATERIAL AND METHODS

K-Means Clustering

Clustering or grouping is a method used in analyzing data to solve data grouping problems to
become multiple clusters in data mining operations [14]. One of the clustering methods that is
often used is the K-Means Clustering method because this method is easy and does not require a
long estimate of time to process large data. This method can also divide data into several clusters,
data that has a high level of compatibility between data will be grouped in one cluster while data
that has different characteristics will be grouped into another cluster [6]. At the stage of
calculating the distance to the cluster, one can use an algorithm, one of which is the Euclidean
algorithm. By using this clustering or grouping, it is possible to classify essential oil-producing
plants from each sub-district in Bangkalan Regency. The purpose of this clustering is to determine
the status of each district.

K-Means Clustering Euclidean

Euclidean is an algorithm that is widely used in determining the value of the shortest distance
between two points (straight distance). The following is the K-Means Clustering Eclidean
algorithm:

1. Determine the number of existing clusters

2. Choose a cluster center by random method

3. Calculate all distances on each data with the cluster center using the Euclidean formula,

namely:
m
dip = z (xij — knj)?
j=1
Information

din = distance from data to i with cluster center point to n
m = number of features

xij = data to i features to j

knj = cluster center data ton
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1. Determine the cluster members, the data will be a member of one of the clusters if it has the
smallest distance to other clusters.
2. Group data that has similarities and is a member of each cluster.
3. Update the cluster center value by calculating the average value of each cluster member
using the following formula:
K, = Zh=1ni
ij n
Information:
Kij = Center of the ith cluster of the jth feature
n = Sum of all cluster members
yhj= data to h features to j in cluster to i
4. Repeat in stages 2-3 so that no data moves to another cluster or reaches the maximum

repetition limit that has been determined.

K-Means Clustering Euclidean Flowchart
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Fig. 1 Flowchart K-Means Clusterung

Figure 1 the Euclidean algorithm shown consists of many stages, namely:

oUW

Input data on essential oil-producing plants.

Determine the initial cluster randomly.

Calculating the distance of data to clusters using K-Means Clustering Euclidean.

Define a new cluster.

Check if the new cluster is the same as the old cluster, the process ends.

If the new cluster is not the same as the old cluster, then the iteration is checked until the
specified iteration, if yes, the process ends. If during the iteration process there is no then
it will return to the process of calculating distances using Euclidean.

Research Methods

This section contains an explanation of the research stages. Figure 2 shows the research design
for a geographic information system mapping the distribution area of essential oil-producing
plants.
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Fig. 2 Research Flow

At this stage a literature search and learning will be carried out from various sources that can
help solve the problems found in this research. The collection of literature that will become a
reference is in the form of journals, especially those that discuss geographic information
systems. For grouping data using the K-Means Clustering method and the Euclidean algorithm.

RESULT AND DISCUSSION

This section will explain the appearance of the system and the testing of the system that has
been made. Will be explained about the system wireframe, appearance and features that exist in
the system and how it works.

The main page of the system is shown in Figure 3.

GIS (K - Means) ®

Dashboard
30 Data Tanaman 3 Hasil lterasi 1 Hasil Clustering 1 Hasil Grafik
‘Tambah Data Tanaman

Pusat Cluster Awal Linat Detail > Lihat Detail > Lihat Detail > Lihat Detail >
Perhitungan
Hasil Iterasi Data Nama Tanaman

Hasil Clustering
Tampilkan (10 ) data per helaman ( a)

Hasil Grafik

No Nama Tanaman Data Latitude Data Longitude

1 Tanaman A -7.32131 161.321312

Showing 31 from 38 of 40 entries

Fig. 3 Dashboard
Figure 3 displays a main page with several menus, namely data pages, calculations, maps and
graphs. In addition there is a login feature to enter on the admin login page to manage the

system.

The added data page is shown in Figure 4.
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GIS (K - Means)

Dashboard Data Nama Tanaman

“Tambah Data Tanaman Tambah Data
Pusat Cluster Awal Tampilkan (10_-) data perhalaman ( Q)
Perhitungan No Nama Tanaman Data Latitude Data Longitude Aksi

Hasil terasi 1 Tanaman A 7.32131 161.321312 Edt Hapus

Hasil Clustering

Hasil Grafik

Showing 31 from 38 of 40 entries

Fig. 4 Add Data Page

Figure 4 displays the menu page for adding plant data. On that page there are several functions,

namely adding data, editing data and deleting

plant data that can be done by the admin.

The K-means calculation page is shown in Figure 5

GIS (K - Means)

Dashboard HASIL ITERASI 1

Tambah Data Tanaman

Pusat Cluster Awal (ISR
EEmEED Pusat Cluster 1:(0.3213,0.8145)

Pusat Cluster 2: (0.3913,0.8125)
Hasil erasi

. Tampilkan (10_-) dataper halaman
Hasil Clustering —

No Nama Tanaman Data Latitude | Data Longitude c1 c2
Hasil Grafik
1 Tanaman A -7.32131 161.321312 0 1
2 Tanaman B -7.32132 161.321313 0 1
3 Tanaman D -7.32133 161.321318 0 1
4 Tanaman E -7.32134 161.321315 1 0
5 Tanaman F -7.32135 161.321319 1 0
6 Tanaman G -7.32136 161.321310 1 0

Showing 31 from 38 of 40 entries

Fig. 5 K-Means Calculation Page

Figure 5 displays the plant data calculation menu. This page displays the iteration results of the
calculations, cluster centers and clustering results from applying K-Means to the existing data.

The clustering map is shown in Figure 6.

GIS (K - Means)

Dashboard HASIL CLUSTERING
‘Tambah Data Tanaman
Pusat Cluster Awal ;

Perhitungan °
Hasil Iterasi ®
Hasil Clustering ° *
o
Hasil Grafik ® L 4
® °9

Keterangan
® = Kelompok Cluster 1 (C1)

No Nama Tanaman !
1 Tanaman E
2 Tanaman F
3 Tanaman G

® = Kelompok Cluster 2 (C2)

No Nama Tanaman
1 Tanaman A
2 Tanaman B
3 Tanaman C

Fig. 6 Clustering Map
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Figure 6 shows a map of the distribution of essential oil-producing plants per district in
Bangkalan Regency

The clustering chart page is shown in Figure 7

GIS (K - Means) ®

Dashboard HASIL GRAFIK

Tambah Data Tanaman

Pusat Cluster Awal
Keterangan

¥ = Kelompok Cluster 1 (C1)

Perhitungan

Hasil Iteras:

No Nama Tanaman Kelompok Cluster
Hasil Clustering

1 Tanaman E 1
2 Tanaman F 1
3 Tanaman G 1

Hasil Grafik

® = Kelompok Cluster 2 (C2)

Nama Tanaman Kelompok Cluster

Tanaman A 2
Tanaman B

B w o=z
&

2
Tanaman C 2
Tanaman X 2

Figure 7 Clustering Graph

Figure 7 shows a graph showing essential oil-producing plant clusters per sub-district in
Bangkalan Regency

CONCLUSION

Based on the results of research and field surveys, no specific data was found regarding essential
oil-producing plants. As for several alternative discussions, obtained from the Department of
Agriculture and Health Office of Bangkalan Regency by utilizing data on family medicinal plants
(TOGA) which are then sorted again into data on essential oil-producing plants in Bangkalan
Regency. Clustering results show the distribution of medicinal plants in Bangkalan district. The
data used is data on the number of essential oil-producing plants scattered in each health center
in each sub-district in Bangkalan Regency.
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