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Pesztome. Mnoowcecmeo uscneosanuss 6 0oracmma Ha 3eMempeceHusimd, nposeoeHu 6 NocieoHume
200UHU 8 PALIOHU C U3PA3€HA CeUSMUYHA AKMUBHOCH, ca 00KA3AU, Ye NPOMAHAMA HA 2e0OMACHUMHA
AKMUBHOCM € eOuH Om Hali-00Opume NOKA3amenu 3a NPeosUNHCOaHe HA 3eMempeceHus 8 PeaiHo
epeme. B masu cmamusi e npedcmaeena cogpmyepna apxumexkmypa Ha cucmema 3da umepsaHe u
aHanu3 Ha 2eOMACHUMHA AKMUBHOCH HA PAUOHU C UpazeHa ceusmuuna akmusnocm. Inaenama yen
HA MO3U NPOEKM e U3Mep8aHe HA PA3IUYHU 2e0QU3UYHU PaKmopu 6 mesu pavoHu, 6KIIOYUMENTHO U
eeomacnumua akmugrnocm. Cucmemama e pazoeneHa 6 08a OMOEIHU 63AUMHO HEe3ABUCUMU
KOMNOHEHMa — u3Mepeamenny cmanyuy 3a ciledene Ha 2eoMAHUMHA aKmueHOCm U npeoasane Ha
nonyuenume oannu 0o Llenmpanuzupan cvpevp. Llenmpanruzupanusm cvpebp Om 601 Cmpana
npuema OaHHu Om BCUYKU pecucmpupanu ycmpoticmea u om vHunu usmounuyu, xamo NOAA [
Space Weather Prediction Center (0asawu unpopmayus za maznumuu 6ypu, KOumo 6mussam Ha
oannume om GMS cmanyuume) u USGS (United States Geological Survey, dasawu ungopmayus 6
peannHo epeme 3a CeUSMUYHA AKMUBHOCM U3 yan ceam). Ilonyuenama om 6CUHKU USMOYHUYU
unghopmayus ce cvxpanasa 8 baza OanHu, om KvOemo cmasa 0bexm Ha 00pabomKa Om MHONCECMEO
aneopummu u MemoouKy 3a AHAnUu3, KAmo uHmeH3umem HA NOAEMAmMa, 2bCMoma Ha MAeHUMHOMO
none, MazHumer NOMeHYUAL, U3MeCmeane/usKpugasane Ha noiemo u mMHozo opyau. Obpabomenama,
Kakmo u cypoeama ungopmayus, busam npedcmasenu noo gopmama Ha epaguki, 00OCMbIHU Npe3
yeb 6azupana cucmema.

Kniouosu oymu: ceomaznumna akmusHocm, ceusmMuyHa akmusHoCm, MazHUmMHO noie, UHPOPpMAayuoH-
Ha cucmema, copmyepna apxumexmypa

1. Introduction

In the recent years geomagnetic activity takes place in many earthquake research
projects. The main goal of these projects has been to explore the relationship between
geomagnetic changes and earthquake occurrences. The geomagnetic activity has been
considered as a promising candidate for short-term prediction of large earthquakes and these
seismo-geomagnetic effects are expected to be useful for earthquake prediction. A lot of
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researches have been stimulated by big earthquakes all over the world, mostly in Japan. Since
the variation of the geomagnetic activity is changing frequently, real-time monitoring of the
earth, and more specifically exact seismic regions, provides the best input for a real-time
prediction.

The monitoring of geomagnetic activity include observation of magnetic, electric and
electromagnetic field variations, related to seismic events on regions in Japan, China, Russia,
California and other locations.

1. The local magnetic field changes related to large earthquakes have been actively
observed in regions subject to earthquake activity (Breiner and Kovach, 1967; Rikitake, 1979,
Honkura and Taira, 1982; Johnston, 1989). More specifically magnetic field changes have
been observed on several earthquakes with magnitude bigger than 5 - North Palm Spring
Earthquake - 8 July 1986, M=5.9; Loma Prieta earthquake, 18 October 1989, M=7.1; Tohoku
Earthquake (Japan), March 2011, M=9.03;

2. The electric field variations of earth that occur before earthquake and more
specifically seismic electric signals can be observed 6 - 115 hours before the earthquake and
they have duration of 1 min to 1 hour an 30 min and their duration do not depend on
earthquake magnitude. The seismic electric signals usually appear without any important
changes in the magnetic field. Researches on the SES changes have been conducted in
Greece:

1) SES recorded on August 11, 1985 on the short EW IOA dipole (L = 47.5 m).
The corresponding earthquake (M, = 5.1) occurred on August 13, 1985;

2) SES detected by the EW dipole (L = 300 m) of NAF on July 17, 1988. The
corresponding earthquake occurred on July 23 with M, = 4.4, 200 km southwest of Athens.

An increase of the lower atmosphere conductivity as well as the electromotive force
generation, results in a redistribution of the atmosphere electric field. The growth of this field
is due to negative charge on the Earth’s surface with positive charge on the ionosphere lower
boundary.

3. In many researches the electromagnetic variation in the Ultra-Low Frequency
(ULF) anomalies are associated with the large earthquakes. The ULF has been established as
a promising toll for earthquake electromagnetic studies as such emissions come from the crust
of the source regions. In the early 90s the possibility which the ULF emissions could be
associated with large earthquakes has become visible. ULF emissions which could be
associated with earthquakes with Magnitude more than 6 have been discovered. The first
recording of the UMF emissions which are earthquake related has been made by the research
project Kopytenko 1990. They reported anomalous in the ULF emissions for the Spitak
Earthquake 1988 with Magnitude 6.9. The second research has been conducted by the
research projects Fraser-Smith 1990, Bernardy 1991 is associated with Spitak Earthquake
Magnitude 6.9.

Evidences for accumulating the ULF magnetic signatures before large earthquakes has been
proved in the following researches: Molchanov et al.(1992), Hayakawa et al. (1996a), Kawate
et al. (1998), Hayakawa et al. (2000), Uyeda et al. (2002), Gotoh et al. (2002), Hattori et al.
(2002). Short tear predictions using the electromagnetic activity has been accomplished in
projects as Hayakawa 1999, Hayakawa and Molchanov 2002.

2. Purpose of the Framework

It is important to predict the earthquakes with the magnitude bigger than 6 in a highly
populated regions, especially in the big mega polices as Tokyo, Chile where they can cause
significant damages and loss of lives.
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The main purpose of this framework is a seismic monitoring of locations within urban
regions that are especially vulnerable to damaging earthquake ground motions. Two methods
has been established for observation earthquakes: the first one is direct observation of the
geomagnetic changes and the second is detecting the seismic effects which have been taken
place in a form of spreading anomaly of pre-existing transmitter signals. For this research one
monitoring station should be located in a seismic quiet area as a reference, while the others
should be located in areas of high seismic or crustal activity observing earthquake effects.

3. Architecture of the Framework
The presented framework is compounded by two logical components:

e Ground based GMS station for monitoring the geomagnetic activity, collecting the
received data and sending it to the centralized server;

e Centralized GMS server, used for analyzing the received geomagnetic data and
presenting the received results using charts and diagrams.

3.1. Hardware components of the Framework

Geomagnetic disturbances are monitored by ground-based measurement stations. The
Power system of these stations includes PV energy storage system with Lithium-lon batteries.
The main functionality of the measuring stations is to record data received by two magneto
sensors and the received data periodically is sent to centralized server for corresponding
analyses.

The installed network of magnetometers with high sampling rate should cover areas
within a distance of about 70-80 km.

The components for each of the stations are:

e Two (Anisotropic Magneto resistive) sensors — AMR Magnetometer Hi-resolution
and short detection range; AMR Magnetometer Low-resolution and wide detection
range;

e Hall Effect sensor, its main purpose is to trace the changes of the magnetic field,
depending on the distance of the epicenter;

e SQUID (Superconducting Quantum Interference Device) sensor, its resolution can
reach to 5aT (AttoTesla).

Each magnetometer serves as a three-axis magnetic field monitor. It includes three
panel meters, one for each of the three axes representing the magnetic field sensitivity
orientation: X-Axis (mT), Y-Axis (mT), Z-Axis (mT).

The geomagnetic data collected by the sensors is saved on local SD card. On
predefined period of time, using GSM module, the collected data is sent to the centralized
GMS server by the GPRS mobile phone network. This main purpose is to be achieved optimal
energy consummation. Together with the collected data it is sent additional information about
the current status of the measuring station - this includes current status of the power system,
current state of the hardware device and the coordinates of the collected geomagnetic data.

3.2. Software components of the Framework

Once the collected data is sent to the centralized server, the user is able to access it
with the developed framework of the information system, which relay on rights of managing
mechanism. Software components of this system are: Presentation layer, Data layer,
Administration panel.
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e Administration panel

Since the developed framework is based on the right management mechanism,
restrictions to the user access are applied. These restrictions are based on the previously
assigned rights related to the system structure and associated with the users of the system. The
current implementation of the Administration panel of the information system includes
authentication management instruments that support users, roles, user groups etc. In the
Administration panel it is possible: to define the administrators’ accounts; to create or update
roles; to associate different level permissions for each of the defined roles, to create or update
the information content of the system.

Also using the Administration panel of the centralized server, the user is able to
manage the devices of the ground-based measuring stations: to install new device or to
remove existing one. With the Administration panel the user is able to observe the current
state for each of the devices: current amount of the electric charge, received errors, etc. The
protocol used for connection to the Administration panel is HTTPS.

e Data layer

The centralized server is receiving ‘raw’ data sent by the measuring stations. There it
becomes object of the data analyses, based on different algorithms:
1) calculations related to average behaviour of the magnetic field (nT) and its
variance (nT);

2) calculation of the electric field intensity.

The received information represents the magnetic field density for the three-axis: X-
Axis (mT), Y-Axis (mT), Z-Axis (mT) for each second.

The magnetic field density for each axes can be represented as function —f(x), (v),
h(z). These functions are represented as three graphs with a few of its tangent lines. We are
searching for the slopes of the tangent lines we encountered on each of the graphs, or more
specifically to find the derivatives of these functions.

fllx) =0, g'v) =0, k(z) 0. (1)

Using the derivative of these functions we are able to follow the changes of the
magnetic field density on particular period of time. The tangent lines are pointing towards
increasing magnetic field density when their slope is positive, and correspondingly the
tangent lines are pointing towards decreasing magnetic field density when their slope is
negative. Following the points of the function where the slope of their tangent is zero, the
function has local maximum or local minimum. That point is turning place for the function
describing the magnetic field density.

The analyzed data can be reached with web services. With this format users who want
to extract the received results for their own researches can access them easily.

The centralized database also receives earthquake and solar storm information from
additional data providers. This includes information of the following sources:

e NOAA / Space Weather Prediction Centre — gives information about the magnetic

storms, which might have influence over the received data and the GSM module;

e USGS (United States Geological Survey) — gives real —time information about the
seismic activity.

This data sources give information about the earthquake activity all over the World. A
script is executed on a predefined period of time (5 minutes). This script is also part of the
GMS server. It takes information about the earthquake activity for the area on which our
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measuring station is positioned. For each of the earthquake activity which has occurred in that
area, it collects data related to its magnitude and depth, and on later stage it is compared with
the results received by the station.

e Presentation layer

The presentation layer has an abstract layer for data access. This approach assures the
systems will be able to use different data sources. It isolates the data source from the business
logic of the framework.

The main purpose of this layer is to be possible for the user to access the received
‘raw’ data and also to be able to access that data after different data analyses. These results
can be accessed by the web interface of the system. The user is able to observe the changes of
the magnetic field density on particular period of time with the implemented charts and
diagrams. With the presentation layer it is also possible to follow the current battery status for
each of the devices part of the GMS station.

4. Conclusion

The study of the geomagnetic activity has important role in the earthquake hazard
researches. The presented geomagnetic monitoring station should be used for researches in
understanding the physics of earthquake-related phenomena as comparing and analyzing the
received results. With the software components of the system the user is able to access the
received results of the geomagnetic activity and to use them for research projects that take
into account the interaction among observation, methodology, and physical model.
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