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Abstract: This project aims to develop a MATLAB GUI database for Co-seismic acoustic and gravity wave
propagation analysis by integrating MySQL database system. In this project, the filtering process of both GPS
Total Electron Content (TEC) and magnetic field from GPS and magnetometer measurements, respectively are
automated by using GUI with several filtering techniques. This project is an extension project where several
types of filter that are Butterworth filter, Savitzky-Golay filter and band pass filter were previously developed.
This GUI version is named the MATLAB Co-seismic Acoustic Propagation (CAP) GUI. A result of this case
study is the Tohoku earthquake, Japan of M9.0 in 2011, which contributed to the variation of the TEC in the
ionospheric layer and the magnetic field of the earth.
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INTRODUCTION during earthquake events. However, the GUI had limited

The ionosphere layer is about 50 to  1000  km  from version of GUI, the data will be managed by MySQL.
the surface of the Earth. This layer of the atmosphere is Improvement and additional features will be implemented
sensitive towards the man-made and natural disturbances into  the GUI  such  as  automatically  process of data.
such as earthquakes. Earthquakes can induce acoustic This version of GUI named the MATLAB Co-seismic
and gravity waves that propagate horizontally and Acoustic Propagation (CAP) GUI.
vertically in the atmosphere and resulting to fluctuations
of  the  electron  density  in  the ionosphere [1]. Hence, MATERIALS AND METHODS
the ionospheric TEC, which is the integrated electron
density along the satellite-receiver path, will also oscillate. The implementation of this study is divided into four
GPS systems have been used widely in monitoring the stages. The first stage is the development of MySQL
density of TEC at the ionospheric layer [2, 3, 4, 5]. database management system (DBMS). The second stage

The earthquake with magnitude 9.0 occurred at is connection between the MATLAB and MySQL. The
Tohoku, Japan in 11 March 2011 will be the subject of this third stage is the development of MATLAB-based GUI.
case study. The earthquake triggered a 15 m height of The forth and the last stage is data processing and
Tsunami wave which destroyed many lives and properties display of the output result. This study is conducted with
surrounding the epicentre [6]. During the event, MATLAB and MySQL.
ionospheric disturbance had been recorded through the
GPS system [1]. Development of MYSQL DBMS: MySQL is used with the

MATLAB GUI with several filtering techniques has package in XAMPP. The database is setup initially by
been built for the data analysis of TEC disturbances define the name of the root folder. The root folder is to

features and weak data management systems. In this
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store  the  data  of  TEC and magnetic field. The data of
TEC and magnetic field are first to convert into text-file.
The text-file will uploaded into the MySQL database
accordingly to the name of the root folder defined initially.
The uploading process conducted at the ‘phpmyadmin’
user interface with Structured Query Language (SQL),
which is command language to ‘ask’ the MySQL read and
store the data in the text-files.

Connection     Between     MATLAB     and    MYSQL:
The MATLAB  has to be connected with MySQL in
order   to   get   data   from  the  database  to  process.
Open Database Connectivity (ODBC) is an interface in
granting access for MATLAB to connect with MySQL.
The source and root of the database must first be defined
at the ODBC. The MATLAB can then establish
connection   to  the  database.  The commands will used Fig. 1: Flow chart of MATLAB CAP GUI
in   this  session  are  ‘database’,   ‘exec’    and   ‘fetch’.
The ‘database’ command is to instruct the MATLAB to The short term disturbances will provide a clearer view for
connect to the selected database, ‘exec’ is to run the SQL the analyzer. The filtering techniques used in this study
query and ‘fetch’ is to load the data selected from the are Savitzky-Golay, Butterworth and high pass filter.
database.

Development of MATLAB CAP GUI: GUI can be
developed in two ways; either by using GUI Development The  result of MATLAB GUI built is showed in
Environment (GUIDE) which is an interactively Figure 2. The GUI has given the name as MATLAB Co-
environment or by programmatic script. GUI developed by seismic Acoustic Propagation (CAP) GUI. The main
GUIDE  can  be   further   improving   programmatically. interface of the GUI contains static text, pop up menu,
The development of the GUI through GUIDE is based on axes and push button. The user will be able to plot the
callback function. Each button in the GUI will represented desired graph, either TEC or magnetic field. Besides, the
with a callback function. Figure 1 showed the flow chart graph can also be   stacked  plot  for  easier  comparison
of the MATLAB CAP GUI. to  be  done. The stacked plot for comparing the DTEC

As showed in Figure 1, the user will first decide data among stations and PRN are showed in Figure 3.
which type of data needs to be display as output. For TEC As  showed  in  Figure  3,  the  graph  is  a  stacked
data, the user need to select station and pseudo-range plot    of    TEC    measurements    from    stations 0023,
noise  (PRN)  number,  followed by the type of 0136, 0140, 0167, 0191, 0202, 0252, 0532, 0550, 3041 and
ionospheric disturbance and lastly the filtering technique. 3086 with PRN 15, 18 and 27. The data of TEC are filtered
For magnetic field data, the user needs to select the with Savitzky-Golay filter for the ionospheric disturbance
station and the type of magnetic field component, of Type 1 which characterizes short period waves with
followed by the type of ionospheric disturbance and periods of 2-10 minutes. The graph plotted is Detrended
lastly the filtering technique. Total Electron Content (DTEC) at where the filtered TEC

Data Processing and Display of Output: The data of TEC in the graph, sudden oscillations were detected at around
and magnetometer acquired from the stations around the 7-14  minutes  after  the  commencement  of  the  event
location of the earthquake. The data were processed by (5:46 UT), which is the sudden oscillations of the TEC,
extracting  the  required  parameter  with sampling rate of represented the ionospheric disturbances that manifested
30  second  for  TEC  and  1 second   for  magnetometer. from acoustic waves propagating upwards into the
In order to analyze for short period ionospheric ionosphere during the earthquake. Stations that are
disturbances, the data are filtered to eliminate the long located further away from the epicentre showed delay as
term disturbance due to  the  satellite  and  zenith  angles. the  oscillation  of  the  TEC  is  recorded  later than those

RESULTS AND DISCUSSIONS

data is subtracted from the original TEC data. As showed
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Fig. 2: MATLAB Co-seismic Acoustic Propagation (CAP) GUI

Fig. 3: Stacked plots of several DTEC data from different stations or PRN

Fig. 4: Detrended magnetic field component stacked graph from several stations and components
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Fig. 5: TEC map of earthquake at Tohoku, Japan in 11 March 2011

nearer to the epicentre. Stations further away from the was  also  detected  at  the   edge   of   the   Japan  while
epicentre will have lower amplitude of oscillation as well the  TEC  at  the  centre  or  inner  part  of  Japan
due to the delay in signal propagation. recovered  to its   original   condition.   After   7:15   UT,

The button ‘Clear Plot’ is used before another type of the oscillation of the TEC is starting to restore to the
graph need to be plotted. Figure 4 presents the data from normal condition.
the magnetometer instrument for disturbance of Type 1.
The stations plotted in the stacked graph are stations CONCLUSION
Ashibetsu  and  Moshiri  for  H, D, Z and F components.
H-component is horizontal component, D-component is In this study, a new version of MATLAB GUI is
declination angle, Z-component is vertical component and developed based on the filtering techniques previously
F-component is total magnetic field. The oscillation of the developed. The data needed to be processed and
magnetic  field  shows  sudden  oscillations  at around interpreted store in the MySQL DBMS. Additional
5:53 UT, almost simultaneous with those observed in the features (e.g. stacked plot of graph) are added into the
DTEC at stations located closer to the epicentre. GUI which can provide an easier alternative for user

Figure 5 showed the TEC map during the event of during data analysis. The data processing can be done
earthquake at Tohoku, Japan at 11 March 2011. There are automatically within the MATLAB. The version of GUI
9 maps that showed together for easier to interpret the named as the MATLAB Co-seismic Acoustic Propagation
propagation of wave at ionosphere. The map focuses on (CAP) GUI.
the  east  of  the Japan which is around the epicentre of
the  earthquake.  The  TEC  maps  ware  plotted for every ACKNOWLEDGEMENT
10 minutes for the period between 5:45 UT and 7:15 UT.
From the TEC map, it is clearly seen that the variation of The authors wish to express special appreciation and
the TEC started around the epicentre and then propagated thanks to the International Center for Space Weather and
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