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According to a report from the Riau Province BLHK states
that hotspots in Riau Province are always present every year
despite the number of hotspots that have been suppressed
(http://dislhk.riau.go.id/). One of the causes is the frequent
land clearing occurred as a trigger from a hotspot in Riau
Province. There is a need for countermeasures as soon as
possible to overcome the problem of hotspots that will cause
forest fires. These problems need to be watched out quickly,
one of which is to know in advance the hotspots that are
likely to emerge based on existing data. Data mining
processing is very suitable to be applied in order to produce
relevant data to find out the possibility of hotspots. In this
study the data grouping was done in the form of a
visualization of hotspot mapping using the K-means
Clustering method. The parameters used include 3 number of
clusters (critical, alert, vigilant), 12 regencies / cities in Riau
Province and 3 attributes (hotspots, number of fires, number
of events). With the results of the visualization of the
mapping using the K-means Clustering method, it is expected
to be able to help the relevant parties, namely the Riau
Provincial Forest Service in handling early the hotspots that
are likely to emerge.

1. Introduction

Riau Province is a province that has the
4th  widest forest coverage out of 15
provinces that have the widest forest in
Indonesia. As one of the provinces which has
a large forest area, the threat of a forest fire
disaster will be seen from the point of fire
every year. This is according to a report from
the Riau Province BLHK stating that
hotspots in Riau Province are always present
every year despite the number of hotspots
that have been suppressed
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(http://dislhk.riau.go.id/). One of the reasons
is land clearing which often occurs as a
trigger for hotspots in Riau Province. There
is a need for countermeasures as soon as
possible to overcome the problem of hotspots
that will cause forest fires. The problems
above need to be watched out quickly one of
them is to know in advance the hotspots that
are likely to emerge based on data that
existed before. Processing data mining is
very necessary in order to produce relevant
data to determine the possibility of hotspots.
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Data mining is an analysis step towards
the process of finding knowledge in a
database in the form of data patterns or
relationships between data in large-scale data
processing. Therefore data mining has an
important role in various fields. One study of
data mining discusses clustering. Basically,
clustering is a method for finding and
grouping data that has similar characteristics
between one data with another data. The
principle of grouping is to maximize the
similarity between members of one cluster
and minimize the similarity between
members of different cluster [1][2][3][4][10].

K-Means is a non-hierarchical data
clustering method that attempts to partition
existing data into one or more skilled and
classic clusters in data grouping [1][5][6]. K-
Means clustering lies in the partitioning
clustering method often used in data mining
[7].

Several studies relating to the K-Means
Clustering method include building a
clustering system using the K-Means method
to determine the access point position based
on the wuser's hotspot position, which
concludes that there is ease in grouping with
the clustering system [8]. K-Means
Clustering Algorithm to group Al Qur'an
verses can be concluded that the grouping of
Al Quran verse data in Indonesian using
these algorithms produces verses with certain
keywords in the right group [9]. Furthermore,
the use of k-means clustering for the
determination of hotspots in Riau Province
which concludes that areas prone to hotspots
are areas that have multiple hotspots that are
located close together and are scattered in
many areas, so that these points will
potentially cause fires [1].

Based on the existing problems and
supported by previous research, the
researcher will build a visualization mapping
system for areas that have the potential to
cause forest fires in Riau Province using the
k-means clustering method to help the BLKH
of Riau Province handle earlier hotspots that
are likely to emerge.
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2. Research Methods

a. Data Collection

The process of collecting data in this
study was carried out by observing and
taking data on the distribution of hotspots in
Riau Province at the Department of
Environment and Forestry (BLKH) of Riau
Province.

b. Data Analysis

In the analysis phase the application of
the k-means method is used to perform
mathematical calculations which include
Determination of the center of the cluster,
Calculation of distance to the center of the
cluster, grouping data, Determination of a
new cluster center, and the process of
clustering the k-means algorithm. Which
method is used to determine the results of the
calculation of fire data based on the variable
amount of fire data, land area, soil type, and
the distance between settlements.

c. System Planning

At this design stage the author will
describe the proposed system design form
into two forms, namely global design and
detailed design. The approach used is an
object-oriented approach, where the tools
used are UML (ex. Use case diagrams,
sequence diagrams, activity diagrams and
class diagrams).

d. Implementation

At this stage the steps of the k-means
clustering method are applied to the system
built using the PHP programming language
and the MySQL  database.  This
implementation uses two users namely admin
and leader to access the system being built.

e. Testing

The last stage carried out in this method
is to test the system that has been built and
implemented using the black box method.
The goal is to do this stage to see the
weaknesses and advantages of the system
that has been built.
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3. Results and Discussion
a. Use Case Diagram System

t input kategori/
variable

Klasifikasi data
Melinat hasil / peta

Figure 1. Use Case Diagram

Figure 1 above explains that the system
built has 2 actors namely admin and leader.
Admin can do the login process, input
categories / variables, manage user data,
input districts, and input hotspot data. While
the leader enters the login process and sees
the results of the k-means clustering process
data classification and visualization of the
hotspot map.

b. Calculation and Implementation of K-
Means Clustering Method into the
System
Based on the data obtained at the

Department of Environment and Forestry

(BLKH) of Riau Province, 3 attributes were

taken as variables for the application of the

K-Means clustering method in determining

or labeling fire levels, critical, alert and

vigilant. The experiment was carried out
using parameters or variables as follows:

a. Number of clusters: 3 (critical, alert,

vigilant)

b. Total data: 12 regency

c. Number of attributes: 3 (hotspots, number

of fires, and number of events)
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Table 1. K-Means Clustering Variable

Number

Number of

No Regency/ City Hotspot of Fires Events
1 Kuoantan Singingi 2170 245 3
2 Indragiri Hulu 1919 45.3 8
3 Indraginn Hilir 1378 82 5
4 Pelalawan 3296 162.16 41
5  Siak 682 76.5 9
6  Kampar 548 83.25 35
7  Rokan Hulu 1869 68 10
& Bengkalis 1826 64 11
9  Rokan Hilir 3198 392 16
10 Kepulauan
Meranti 515 236.11 19
11 Pekanbaru 0 12.7 6
12 Dumai 395 12275 25

Table 1 above illustrates the courtesy
variable used in the k-means clustering
process for which data is obtained at the
Department of Environment and Forestry
(BLKH) of Riau Province.

The next step in the process of the K-
Means Clustering method is to determine
how many iterations are obtained to
determine the status of the hotspot. The
stages are described below:

1. lterasil
a. Determination of the initial center of the
cluster

Based on Table 1 above, random values
are determined to be assumed as preliminary
data in determining cluster events

Table 2. Random Value of Initial
Cluster Center

Total Number Number Cluster
Hotspot of Fires of Events
3296 162.16 41 C1
1826 64 11 c2
0 12.7 6 C3

Based on Table 2 above, C1 value is
taken from the highest data, C2 value is taken
from the middle data, C3 value is taken from
the lowest data.

b. Calculation of cluster center distance

To measure the distance between the
data and the center of the cluster used
Euclidean distance, then the distance matrix
will be obtained as follows:
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Euclidean distance formula :

?: (.'X.' _y)z
d(xy)=x-y|= ! )

X = cluster center
Y = data

Calculation of the distance from the 1st data
to the cluster center is:

C1 =/2170-329)"2 + (245 - 16216)"2 + (3~ 41)"2) = 1135019945

C2 = /(2170 - 1826)"2 + (245 - 64)*2 + (3 - 11)"2) = 3463527826

C3=y/(2170-0)*2+ (245 - 127)"2+ (3- 6)*2) = 2170.034156
Then the distance matrix will be obtained.

Table 3. Distance Matrix

No cl c2 c3

1 1135.019945 346.3527826  2170.034156
2 1382343756 9490885101 1919277927
3 1920011882 448 4016057 1379.74182
4 0 1473 579107 3299 572592
5 2615598906 1144070037 6849842626
6 2749139281 1278370276 5532832028
7 143043913 4319722213 1869.822208
8 1473579107 0 1826.727317
9 251.1083941 1410671117 220.430482
10 2782070021 1322273365 561.5211733
11 290572592 1826.727317 0

=

2901.311798 1432273913 410.4838639

[

c. Data grouping

The distance from the calculation results
will be compared and the closest distance or
the smallest value between the data and the
cluster center will be selected, this distance
shows that the data is in one group with the
closest cluster center.

Table 4. Cluster Grouping

No Cc1 Cc2 Cc3 Cluster
1 1135.019945 346.3527826 2170.034156 c2
2 1382.343756 94.90885101 1919.277927 c2
3 1920.011882 448.4016057 1379.74182 c2
4 0 1473.579107 3299.572592 cl
5 2615.598906 1144.070037 684.9842626 c3
6 2749.139281 1278.370276 553.2832028 c3
7 1430.43913 43.19722213 1869.822208 c2
8 1473.579107 0 1826.727317 c2
9  251.1083941 1410.671117 3220.430482 cl
10 2782.070021 1322.273365 561.5211733 c3

-
—_

3299.572592
2901.311798

1826.727317 0 c3
1432.273913  410.4838639 c3

-
(8]
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d. Determination of the new cluster center

Once it is known that the members of
each cluster are then the new cluster center is
calculated based on the data of the members
of each cluster according to the cluster
member center formula. So that the following
calculations are obtained :

Table 4. Cluster Initials

Number Number Cluster
No Regeney / City Hotspot of Fires  of Events
1 Kuantan Singingi 2170 24.5 3 c2
2 Indragiri Hulu 1919 45.3 8 c2
3 Indragiri Hilir 1378 82 5 c2
4 Pelalawan 3296 162.16 41 cl
5  Siak 682 76.5 9 c3
6  Kampar 548 83.25 35 c3
7 Rokan Hulu 1869 68 10 c2
8  DBengkalis 1826 64 11 c2
9  Rokan Hilir 3198 392 16 cl
10 Kepulauan
Meranti 515 236.11 19 3
Pekanbaru 0 12.7 6 c3
12 Dumai 395 122.75 25 c3

Table 4 above describes the new clusters
obtained from the member data of each
cluster

Table 5. Cluster Calculation Based on
Cluster Data
81 Q a

0 Total Number Total Total Number Total Total Number Total
Hotspot  ofFires  Loss Hotspot ofFires Loss Hotspat ofFires Loss

e

1 3% 16216 4 20 M3 3 6 S 9
O M 6 By 453 0§ M By N
3 B R 5 S Bell B
4 B9 &8 10 0 17 6
§ B2 6 1 ¥ 1 N

694 316 5T %12 B8 N 240 B3 U

Total

M1 IR RS L4 876 T4 AR 106262 188

Table 5 above illustrates the calculation of
clusters C1, C2 and C3 based on the cluster
data obtained in Table 4. The total details of
each cluster are as follows:

Total hotspots: C1 = 3247, C2 = 1832,4, C3
= 428. Number of Fires: C1 = 277.08, C2 =
56.76, C3 = 106,262. Total Losses: C1 =
28.5,C2=7.4,C3=18.8.
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This data is used to calculate the second
iteration.

2. lteration 2
The steps taken in iteration 2 are the
same as those taken in iteration 1. The steps
are as follows:
a. Determination of the initial center of the
cluster
The center of the second cluster is taken
from the results of iteration 1 calculations in
Table 5.
b. Calculation of cluster center distance
Calculate the distance from data 1
(Table 4) to the cluster center in step 1.
c. Data grouping
d. The next step is to compare the cluster
results in the first iteration with the second
iteration. If the value of the cluster member
has a convergent value, the iteration process
is stopped and the cluster results are valid
cluster results.

Table 6. Cluster Comparison Between
Iteration 1 and Iteration 2

Cluster 1 Cluster 2
pada pada

No Iterasil Iterasi 2
1 c2 c2
2 c2 c2
3 c2 c2
4 cl cl
5 c3 c3
6 c3 c3
7 c2 c3
8 c2 c3
9 cl cl
10 c3 c3
11 c3 c3
12 c3 c3

Because there are still differences between
the first and second clusters, a third iteration
is carried out and the determination of the
new third cluster.
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Table 7. Cluster Calculation Based on
Cluster Data

(1 (1 (

No Total Number Total Tot! Number Total  Total Number  Total

Hotspot ofFires Loss Hotspot ofFires Lo  Hotspot  ofFirs  Loss
1 3% 1626 41 UM M3 3 68 N 9
I § 548 3. i
3 B R 5 1869 3] 10
4 1826 64 11
i 55 B
§ 0 127 6

nn 2
f94 S416 5T e B8 16 5 edl 10

Tl = mn 3 G W 164887

Table 7 above illustrates the calculation of
clusters C1, C2 and C3. The total details of
each cluster are as follows:

Total hotspots: C1 = 3247, C2 = 1822,33, C3
= 833,57. Number of Fires: C1 = 277.08, C2
= 50,6, C3 = 94,75. Total Losses: C1 =
1822,33, C2 = 833,57, C3 =16,42.

This data is used to calculate the third
iteration.

3. lteration 3

The steps taken in iteration 2 are the
same as those taken in iteration 1 and 2. The
steps are as follows:
a. Determination of the initial center of the

cluster

The center of the third cluster is taken
from the results of iteration 1 calculations in
Table 7.
b. Calculation of cluster center distance
c. Data grouping
d. The next step is to compare the cluster
results in the first iteration with the third
iteration.

Table 8. Cluster Comparison Between
Iteration 1 and Iteration 3

Cluster 1 Cluster 3
pada pada

No  Iterasil Iterasi 3
1 c2 c2
2 c2 c2
3 c2 c2
4 cl cl
5 c3 c3
6 c3 c3
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c2 c2
c2 c2
cl cl
10 c3 c3
11 c3 c3
12 c3 c3

If the value of the cluster member has a
convergent value (as in Table 8) then the
iteration process is stopped and the cluster
results are valid cluster results.

Table 9. The Final Result of K-Means
Clustering Method Calculation

Number
No  Regency / City Hotspot  Number of Cluster ~ Cluster
of Fires Events Group Status
1 Kuvantan Singingi 2170 245 3 2 Alert
2 Indragiri Hulu 1919 453 8 2 Alert
3 Indragiri Hilir 1378 82 5 ) Alert
4 Pelalawan 3296 16216 41 cl Critical
5 Sk 682 76.5 9 a3 Vigilant
6  Kampar 548 83.25 35 [ Vigilant
7  Rokan Hulu 1869 68 10 2 Alert
8  Bengkalis 1826 64 11 2 Alert
9 Rokan Hilir 3198 392 16 cl Critical
10 Kepulavan Meranti 515 23611 19 [} Vigilant
11 Pekanbaru 0 127 6 3 Vigilant
12 Dumai 395 12275 25 c3 Vigilant

Table 9 above explains that in the data
grouping that has been done, there are 3
cluster group statuses where cl is the critical
cluster status (Pelalawan and Rokan Hilir),
c2 is the alert cluster status (Kuantan
Singingi, Indragiri Hulu, and Indragiri Hilir,
Rokan. Hulu, and Bengkalis), and c3 is
vigilant cluster status (Siak, Kampar, Meranti
Islands, Pekanbaru, and Dumai).

c. Result Visualization

The following describes the
implementation of the method into the
system being built and the results of the
visualization in the form of a map

a. Determine the Initial Cluster Center
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Scektemp = mysql fetch array (mysql_query("SELECT * FROM temp"

if(§i==
$iterasiawalclusterltrx = "1100";//total titik api
$iterasiawalcluster2rx =
$iterasiawalclusterdvrx = "0";

$iterasiawalclusterldtg = "7";//junlah kasus

$iterasiawalcluster2deg =

$iterasiawalclusterddeg = "5";
else

Figure 2. Determination of the Initial Cluster
Center from the K-Means Clustering Method Step

If a cluster loop occurs, the next
iteration will be automatically retrieved from
the data obtained in the first iteration

b. Input data into the system by applying

the k-means clustering method formula to the
program being built.

Figure 3. Steps of the K-Means Clustering
Method into the Built System

c. |If the k-means process has been
completed and no longer looping occurs, the
status of the regency / city will be obtained
whether it is critical, alert, or vigilant, which
will be used later in the map visualization.

Data Clustering

B
Figure 4. The Final Result of the K-Means

Clustering Process
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d.  The result of visualization of the process
of applying the k-means clustering method is
in the form of map visualization.

-
L

Eigure 5. Visualization of Results in the form
of a Map

In this view the admin and leadership
can see the spatial map of fire data that has
high potential for fires in the areas entered
based on the data obtained, so that leaders
can see the status of the area and take action
to solve problems and prevent forest fires.

4. Conclusion

After completing a series of stages
towards the development of a data mapping
system for potential fire areas in Riau
Province using the K-means clustering
method, several conclusions can be drawn,
including the following:

a.  With this system, the environment and
forestry agencies in particular are faster in
processing data, making it easier to find out
information on areas in Riau Province that
have high potential for forest fires so that
forest fire prevention efforts can be quickly
and appropriately handled.

b. In this system, fire data is stored in a
database, making it easier to find data if
needed.

c. In general, the system being built has
been able to run and can produce data that is
in accordance with the K-means clustering
method calculations.

d. From the test case test, it can be
concluded that all processes can run with the
expected results. In that sense, the k-means
clustering process in segmenting fire data is
successful.
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