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Abstract

Spatio temporal data clustering is challenge task. The result of
clustering data are utilized to investigate the seismic parameters.
Seismic parameters are used to describe the characteristics of
earthquake behavior. One of the effective technique to study
multidimensional spatio temporal data is visualization. But,
visualization of multidimensional data is complicated problem.
Because, this analysis consists of observed data cluster and seismic
parameters. In this paper, we propose a visualization system, called
as IES (Indonesia Earthquake System), for cluster analysis, spatio
temporal analysis, and visualize the multidimensional data of seismic
parameters. We analyze the cluster analysis by using automatic
clustering, that consists of get optimal number of cluster and
Hierarchical K-means clustering. We explore the visual cluster and
multidimensional data in low dimensional space visualization. We
made experiment with observed data, that consists of seismic data
around Indonesian archipelago during 2004 to 2014.

Keywords: Clustering, visualization, multidimensional data, seismic
parameters.

1. INTRODUCTION

Earthquake is the event of the earth due to release of energy in the
earth suddenly. It was caused by the sudden breaking a layer of rock or plate
fracture in the earth's crust [1]. Indonesian archipelago is located in the
world's three mega plates; they are Australian plate, Eurasian plate, and
Pacific plate. The interaction between these plates, placed Indonesia as the
territory that has high activity of volcanoes and seismic [2].

The high seismic activity could be seen from the recording within the
period 1897-2009. There are more than 14,000 earthquakes with magnitude
M> 5.0. For example, within the period 2004 to 2010 there were a lot of
seismic activity in Indonesia, i.e. Aceh earthquake with tsunami of 2004 (Mw
= 9.2), the Nias earthquake of 2005 (Mw = 8.7), the 2006 Yogyakarta
earthquake (Mw = 6.3), Lake earthquake of 2009 (Mw = 7.4) and the
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earthquake in Padang in 2009 (Mw = 7.6). That Earthquakes have caused
thousands of casualties, the collapse and destruction of infrastructure and
buildings, and trillions of funds for rehabilitation and reconstruction [3]. The
various potential natural disasters we should have to know, so that the
character of these natural hazard impacts can be minimized [2].

Seismic sequences are not formatted randomly, but they follow a spatial
pattern with consequent triggering of events. In other words, This events
produce non random grouping [8]. So, the scientists are developing a model
to explain this grouping pattern. This grouping well-known by clustering. By
using a clustering scheme, it is possible to retrieve spatio-temporal pattern
that created by events [4]. Therefore, it is required modeling of earthquake
clustering more accurate to develop a model that explains the pattern or
grouping behavior [5].

To explore the relevance of the cluster obtained, the clustering must be
empowered with visualization. Because, clustering never gives consistent.
Visualization of cluster is considered as one of the most intuitive methods for
cluster detection and validation, and especially is per-forming well for the
representation of irregularly shaped clusters [6]. The result of clustering can
be employed for predicting the nature of the events in the future [5][8].
Clustering as a tool for analizing seismic parameters.

2. RELATED WORKS

There are many researchers who studied and proposed the clustering
and visualization of earthquake. Yuen (2005) [7] present a web client-server
service for analyzing and visualization of seismic data consisting of both
small magnitude events and large earthquakes. This analysis consists of
clustering, feature generation, feature extraction techniques and rendering
algorithms form a computational framework of this environment. Yuen
(2009) [8] proposed visualization the computed results from clustering the
higher-dimensional data. this clustering analysis uses both synthetic and real
data. Synthetic data consists of 7 parameters. six parameters are based on
seismicity rates and one parameter combines a function of the event sizes
with a function of the seismicity rate. Dzwinel [4] proposed a new approach
employing clustering for multivariate analysis of seismic data. It showed
using the Amira visualization package. Dzwinel [9] proposes a novel muti-
resolutional approach, which combines local clustering techniques in the
data space with a non-hierarchical clustering in the feature space. It uses
multidimensional scaling procedures for visualization of multi-dimensional
events in 3-D space.

3. ORIGINALITY

In this paper, we propose a new approach for visualization the
multidimensional data of seismic based on cluster, called as IES (Indonesia
Earthquake System). This system is used for cluster analysis, spatio temporal
analysis, and visualize the multidimensional data of seismic parameters. We
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cluster the earthquake data into small data groups based on the optimal
number of cluster. Then, spatial data distribution based on clusters are
utilized to investigate the other seismic parameters each clusters. These
parameters generate the multidimensional data of earthquake parameters i.e.
a value, b value, and Tr (recurrence time). Afterward, we use linked multiple
views to visualize the clusters and seismic parameters. To realise a
multidimensional visualization modelling, we use mathematical theories on
multidimensional description.

4.SYSTEM DESIGN
The procedural concept of our proposed system can be seen in Figure 1.
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Figure 1. Block Diagram System

4.1 Earthquake Data

The data representing seismic activities of the Indonesia. It was
collected by the Meteorolgi, Climatology and Geophysics Agency (BMKG). In
this research, the seismic dataset were collected during a 11 year time
interval from 2004 to 2014. The earthquake data covers the entire territory
of Indonesia, which is the boundary 6 north latitude - 11 south latitude and
east longitude 95 - 141 east longitude, and depth of 0-650 km. The dataset
consist of 2,737 seismic event with magnitude m = 3. The lowest magnitude
were determined by using Magnitude of completeness (Mc) of the Gutenberg-
Richter frequency size distribution [6]. Magnitude of completeness (Mc) also
called as threshold or cut-off magnitude. So, seismic event with magnitude
under the Mc, that will be eliminated [10] [11]. Incompleteness of seismic
data will give the result in seismic risk parameters resulting into
overestimated or underestimated. In this research, we use magnitude 5.1 for
magnitude of completeness (Mc) [10]. Table 1 and Tabel 2 show the
Earthquake data specification and paramaters.

4.2 Clustering Prosedure

Clustering is an effort to classify similar objects in the same groups
[12]. Clustering analysis is a mathematical consept whose main usefull role is
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to extract the most similar (or dissimilar) separated sets of objects according
to a given similarity (dissimilarity) measure [6]. Cluster analysis constructs
good cluster when the members of a cluster have a high degree of similarity
to each other (internal homogeneity) and are not like members of other
clusters (external homogeneity) [13].

Clustering prosedure in this research consist of 2 phases : (1) to find
global optimal number of cluster, (2) clustering the dataset. To find the global
optimal number of clustering, we use Valley Tracing and Hill Climbing
algorithm [13]. It analyzed the moving variance of clusters for each stage of
cluster contruction, then observed the pattern to find the global optimum as
well as to avoid the local optima. The algorithm that to find optimal number
of cluster is as follows:

1. Setaseach data of 4, where is attribute of n-dimensional vector.

2. Set K as the predefined number of clusters K, {k;|i = 2,...,n — 1}
3. Apply clustering algorithm with number of clusters K,
4. Record the calculation of variance as V;{v;|j = 1, ...,n — 2}
5. Increment j=j+1
6. Repeat from step 3 while j<n-2.
7. Calculate the moving variance with valley tracing -hill climbing
3{9,li = 1, v, — 1}
8. Put threshold 4 on moving variance 0 for automatic clustering
9. Then, rank the moving variance max(d) = 4, and i as optimal number

of cluster

The second process is to cluster the dataset, in this research we use
Single Linkage Hierarchical K-means clustering [14]. This clustering requires
a number of cluster for real clustering seismic data. So that, a number of
optimal cluster from first process becomes initial clusters for Hierarchical K-
Means method [14]. Hierarchical K-means clustering is a combination of K-
Means and hierarchical clustering [14]. The Hierarchical K-means clustering
algorithm is as follows:

1. Setaseach data of A, where is attribute of n-dimensional vector.
Set K as the predefined number of clusters.
Determine p as numbers of computation
Set i=1 asinitial counter
Apply K-means algorithm.
Record the centroids of clustering results as C; {cE}. M=l pin]
Increment i=i+1
Repeat from step 5 while i<p.
Assume C{c,|i = 1,...,p}as new data set, with K as predefined number
of clusters
10. Apply hierarchical algorithm
11. Record the centroids of clustering resultas D{d;|i = 1,...,K}
12. Then, D{d;|i = 1, ... ,K}as initial cluster centers for K-means clustering.

000 3T @ Uk oR W InS
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Table 1. Total number of seismic events
Data source 3<m=<10 Mc=5.1
BMKG 2,737 1,334

Table 2. domain of physical paramaters

Dimension Description Interval and unit
X -longitude 60 < X(long) < 11°
-latitude 950 < Xy £ -1410
y/ Depth 0 <Z <650 km
t Time 2004 <t<2014
m Earthquake magnitude 51<m<10

4.3 Seismicity Parameters

Seismicity parameters in this research is classified into two groups:
spatial and temporal dimensions. Spatial and temporal variation in the
seismicity parameters were reported and regarded as a precursory
phenomenon for future major earthquake in different seismogenic areas [15].
Spatial dimensions are related to the size of earthquake magnitude,
longitude, latitude, and depth [16]. Besides, in this paper, we cluster the
earthquake data into small data groups based on the optimal number of
cluster [5]. Afterward, spatial data distribution based on clusters are utilized
to investigate the other parameters i.e a value, b value, and Tr (recurrence
time). a value and b value are constants. The “a” describes the rate of seismic
productivity for a given area, i.e., the higher the a value, the higher is the
seismicity [15]. The a value can be defined as follows [5] [11].

a=logN(M = M,;,) +log(bln10) + M,,;, b (1)

where, N(M =M, ) is the cumulative number of earthquakes with
magnitude equal or greater than M, ;, and “b” is parameter “b” or b value.

The parameter “b” characterized the relative size distribution of events
and it widely varies from 0.5 to 1.8, depending on the stress regime and
seismotectonic behavior of the region. The b value is calculated using the
maximum likelihood technique [5][11][15][17][18]. The b value can be
defined as follows:

L (2)

P § M oBue

where, M denotes the mean magnitude and M,,;, is the minimum magnitude.
Tr is The probabilistic recurrence time. Tr for a shock with magnitude
equal or greater than M [5] [15]. Tr can be defined as follows:
Tr = AT/10(2~2M) (3)
where, Where AT is the length of observation period.
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Temporal dimension is associated with natural frequencies of relevant
behavior [19]. Whereas, temporal dimension in this paper is time. Table 3
show seismicity parameters and the dimension

Table 3. Seismicity parameters and the dimension

Dimension Sysmbol Description
Temporal

1st t time

Spatial

2nd 3rd X longitude, latitude
4th m magnitude

5th Z Depth

6th a avalue

7th b b value

8th Tr recurrence time

4.3 Multidimensional Data Visualization

As shown in Fig. 1, the system consists of three phases. Phase 1: cluster
analysis, this process is devided into 2 schemes. The first process is to find
the global optimum of clustering using Valley Tracing [13]. It analyzed the
moving variance of clusters for each stage of cluster contruction, then
observed the pattern to find the global optimum as well as to avoid the local
optima. The second process is to cluster the dataset using Single Linkage
Hierarchical K-means clustering [14]. This clustering requires a number of
cluster for real clustering seismic catalog. So that, a number of optimal
cluster from first process becomes initial clusters for Hierarchical K-Means
method [14].

Phase 2: Seismicity parameter. seismicity parameters could facilitate a
better understanding of the earthquake mechanism and provide some
prediction capability. In many cases, variation in the seismicity parameters
might be correlated to earthquake occurrence and regarded as a precursory
phenomenon for future strong main shocks [15]. In this phase, we use spatio-
temporal analysis. This process is to analyze the spatial data distribution. In
this case, we use the Gutenberg and Richter formula for get the parameters,
that are: a value and b value, and Tr. Besides the others, we use dataset. i.e
time, longitude, latitude, magnitude, and depth [5]. As shown in Table. 3,
Seismicity parameter consists of 8 parameters, they are devided in to two
groups, namely temporal dimension (1D) and spatial dimension (7D).

Phase 3: Visualization. The method of visualization in this phase, we use
linking multiple views modelling. In this method, a user should be able to
pose a query graphically, and a computer should be able to present the
response graphically as well. Both query and response should occur in the
same visual field [20]. To realise a multidimensional visualization modelling,
we use mathematical theories on multidimensional description.
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Multidimensional objects are built from their lower primitives, i.e. 3D volume
object consists of 2D and 1D [21].

In Figure 2 shows the software infrastructure of the processing, namely
PHP/JavaBridge. The PHP/]Java Bridge is an implementation of a streaming,
XML-based network protocol, which can be used to connect a native script
engine, for example PHP, Scheme or Python, with a Java virtual machine. It is
faster and more reliable than direct communication via the Java Native
Interface, and it requires no additional components to invoke Java
procedures from PHP or PHP procedures from Java.

We use PHP/JavaBridge package for analysing and visualization. This
package consists of two programming schame. Firstly, java program. This
program including: to get the optimal number of cluster, earthquake
clustering, spatial analysis (to get seismicity parameters), save data to CSV
format, and save data to JSON format. Secondly, PHP program. This program
focus on display the result. It provides the front end Graphical user interface
under web page. Users can choose the navigation panel works like remote
control for displaying the seismicity parameters. The visualization consists of
maps, scatter plot, table views, and spline.

Apache Web Server Java service (Tomcat)
PHP JavaBridge.war
PHP Page
Request : LU
Java/lava.inc PIB Protocol < T
& . ; ‘ F 3
Response [ v
]s::i:::::jla:” Java Objects
method($param);
i

Figure 2. Desain System PHP/JavaBridge Software Scheme

5. EXPERIMENT AND ANALYSIS

In this paper, we use [ES (Indonesian Earthquake System) toolkit. This
toolkit provides cluster analysis and visualization system. IES can be seen in
Figure 3.

In IES toolkit there are 3 panels: 1) Navigation and control panel, this
panel consists of clustering proccess and navigation. Clustering proccess
allows user for cluster the dataset. Whereas, the navigation allows user for
display the result of clustering, original data, seismic parameters (i.e. a value,
b value, and Tr) and statistic prediction. This visualization displays as maps,
scatter plot, spline chart, and table views. 2) Result and statistics shortcut
panel, this panel allows user to observe in large view. 3) Display panel, This
panel displays what the user choose in navigation and control panel (i.e.
clustering proccess, All Earthquake data history Map, Earthquake Data,
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Earthquake data cluster Map, Cluster Data, Total of Daily Eq, a-b value, Mag.
Distribution, Recurrence Time, Eq. Probability).

B e
Vau S
Mavigation &
Control
Panel
Display Panel
Result & -
statistics =

Shertcut Panel

Figure 3.IES (Indonesian Earthquake System) toolkit

We analyze observed earthquake catalogs in 11 years time. The
observed data represents seismic activities of Indonesia, that collected by the
Meteorolgi, Climatology and Geophysics Agency (BMKG). The seismic events
shown in Figure 4, were detected during time interval 2004 to 2014. The data
set consists of 1,334 seismic events with magnitudes m, position in space
(latitude X, longitude Y, depth z), and occurrence time t. The magnitude of the
earthquake and their depth are represented by differences of the radius of
the circle and color. All seismic events information could be seen in Figure 6.

Vae ok

siha 8080,y P ppp sl thesis/f I acticna ARE st quake

Figure' 4. Seismic events around the Indonesian Archipelago from catalovgue of
BMKG during 2004 - 2014
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The completeness of the catalog could be seen in Figure 5. We study the
cumulative curve of the events with magnitud M>5.1 since 2004 until 2014
and the number of 1,334 seismic events. The result of curve show that the
catalog is complete. Because, we assume that the cumulative curve is
rectilinear. As support of that, we report in Figure 5.

Ede Edt Yiew History Boakmasks Toois il JHT Y oo i
B x U

€ & localnost s o =Total Eq C h wE ¥+ /& 0| =

Total number of earthquakes (M = 6 SR)

from eatalague of BMKG during 2004 - 2014

2004

Figure 5. Cumulative number of events versus time with magnitude = 5.1 from
catalogue of BMKG during 2004 - 2014
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# Tanggal ~ Waktu Lintang Bujur Magnitudo Kedalaman Wilayah

1 24/12/2014 21:34:0560-WIB 628 13126 52(SR) 46 Km Pusat gempa berada di laut
Tanimbar island

2 24/12/2014 06.02:06.50-WIB -3.91 13495 52(SR)  10Km Pusat gempa berada di laut - Irian
Jaya

3 2211272014 13:.00:14.30-WIB -7.26 128.12 51(SR) 175 Km Pusat gempa berada di laut - Banda

4 21122014 11:34.1440WIB 211 12665 63(SR)  45Km Pusat gempa berada di laut - Maluku
Utara

SR FIEEn 5 20011272014 18:43.02.10-WIB  -6.15 10208 54 (SR) 22Km Pusat gempa berada di laut - Sumatra

Selatan

6 17/12/2014 06:10:0860-WIB -38 100.18 5.9 (SR) 28 Km Pusat gempa berada di laut - Sumatra

Salatan

Figure 6. Total of earthquake data history with magnitude = 5.1 from catalogue of
BMKG during 2004 - 2014

Clustering results shown in Figure 7. In this visualization, colors
represent clustering label and in space (X, Y coordinate) represent latitude
and longitude. The seismic events are visualized with the PHP/JavaBridge
and Google Map. In this paper, the seismic events are devided into 6 cluster.
This clustering based on the proccess of hierarchical kmeans clustering
model with complete linkage scheme. The data members each cluster can be
seen in Figure 8. Naming the area of the seismic events are based on the
distance offshore with the nearby area. Thus, the name of the region can be
classified as more than one cluster.
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Figure 9. Temporal distribution of earthquake activities with magnitude = 5.1 from
2004 to 2014 in Indonesia
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The time sequence for earthquake in Indonesia with magnitud greather
than 5.1 from 2004 to 2014 is shown in Figure 9. Seismic events that
frequently occurs are on a scale of magnitude between 5.1 and 6.5, while on
magnitude 6.5 to 7, the frequenly will decreasing. Whereas, earthquakes are
rarely occur at magnitud more than 7.

In Figure 10 show seismic parameters, a value and b value each cluster.
The a value indicates seismicity in region and b value depends on the stress
regime and tectonic character of the region. Variation of b value in a region is
commonly correlated with characteristics of regional seismic activitis [22].
These parameters are importance for prediction of the hazard in the areas.
In Figure 10 indicates “b” values view varying from 0.67 to 0.96. Whereas, “a”
values view varying from 5.85 to 7.52. Cluster region which has lowest b
value is cluster?, it indicates that, cluster2 region has a high levels of stress.
So, cluster2 has higher potential that will be earthquake. Because, the area
that has low b value means it has the accumulated stress that has not been
released. And otherwise, if cluster has high b value. While, low a value
indicates that the region has low seismic activities. Cluster region which has
lowest a value is cluster2 that is 5.95, but the highest a value in cluster3 that
is7.52.

The result of return time period each clucter could be seen in Figure 11.
Level of earthquake risk with a magnitude M26 each cluster has return
period of 1 year, it means that the occurrence of this earthquake will occur
every year. In other word, every a year there will be an earthquake or more
in that area. While, the earthquake with magnitude M>7 has return period of
2 years for clusterQ, cluster2 , cluster4, and cluster5. Then, clusterl and
cluster3 have return period of 3 years and 4 years. Level of earthquake risk
with magnitude M>8 has different level of risk each cluster. on cluster0,
clusterl, cluster2, cluster4, and cluster5 have a return period between 6 to
16 years, whereas in cluster3 has a return period of 36 years. While, level of
earthquake risk with a magnitude M>9 on cluster2 has an earliest return
period, that is 28 years, while the cluster that has the longest return period is
cluster3 which has 330 years of return period.

File Edit View Higtory Bookmarks Tools Help —_—— — |y T ]
£:F5 x

a-b value

# Cluster b-value a-value

1 clusterd 0.8707975964579452 7.24425091450051

clustert 0.8910575473566324 7.247450043748428

3 cluster2 0.6771568816169407 5.855020095836174

4 cluster3 0.9657173366834092 7.52019740013302

clusterd 0.761112303200417 6.514503262162222

8 clusters 07685894291151292 6.437285778856442

Figure 10. a value and b value each cluster
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Figure 12. Percentage of probability earthquake occurrence: a) magnitude M = 6, b)
magnitude M = 7, ¢) magnitude M = 8, d) magnitude M = 9.

Percentage of probability earthquake occurrence can be shown in
Figure 12. In Figure 12a shows that, the percentage of probability with
magnitude M = 6 every clusters are different. In 1 year, the percentage of
probability on cluster4 and cluster5 are 99%. Then, they will be 100%
within 2 years. It means that, there will be one or more earthquake
occurrences with magnitude greater than M > 6 within 2 years. While, the
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percentage of probability on cluster0, clusterl and cluster2 in 1 year are
98%. Then, they will be 100% within 2 years. Whereas, percentage of
probability on cluster3 is 91% in 1 year. Then, percentage of probability in 2
years is 99%. Afterword, it will be 100% in 3 years.

In Figure 12b. shows the percentage of probability with magnitude M
> 7. ClusterO, cluster2, cluster4, and cluster 5 has percentage of probability in
range time 8 years to 12 years to get the position on 100%. While, cluster3
has time 40 years for get 100%. In Figure 12c. Shows the percentage of
probability with magnitude M = 8. The percentage of probability in 100%, it
needs 50 years to 300 years. In Figure 12d. Shows the percentage of
probability with magnitude M = 9. The percentage of probability in 100%, it
needs 300 years to 3000 years.

6. CONCLUSION

We propose approach a visualization system for visualizing
multidimensional data of seismic parameters and visual clustering. We have
described visualization based on the consept of multiple linking views and
data analysis. Data analysis means that data proccessing. It is consists of
cluster analysis and spatio temporal analysis. The results of data proccessing
will be visualized in multiple linking views. Multiple linking views mean that
all of visualization are linked.

We demonstrate the visualization of cluster analysis and spatio
temporal analysis. We show that user can operate clustering seismic data,
then the result of cluster data could be visualized directly. Afterword, the
result of clustering will be utilized to investigate the seismic parameters. We
also show the probability of earthquake occurrences. This system uses 2-D
space for visualize the multidimensional data, because human eye can decide
whether the result is optimal or not.

Based on percentage of probability earthquake occurrence in Figure
12a through Figure 12d, there is no earthquake damage within a period of 8
to 12 years. In other words, there is no earthquake damage with magnitud
more than 7 (SR) in 2022. While, earthquake occurrence with magnitude M 2
8 and, M =9 will accur within the 50 and more 300 years.

cluster2 has a high level of earthquake risk, its mean that return period
on this cluster is more short time than the others. In this cluster would accur
earthquake with magnitud 6 (SR) every year. Whereas, magnitud 7 (SR),
which can be categorized as highly damaging seismic event, would accur
earthquake every 2 years. And also, it has a return time period 6 years on
magnitude M > 8 and 28 years on magnitude M > 9. Whereas, the cluster
whose has lowest level of earthquake risk is cluster3. It has more long time of
the return period than the others.
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