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ABSTRACT

The paper presents one of the modern and relevant approaches to using Artificial
Intelligence in machine learning, namely, the pattern recognition method. It is one of the
powerful tools for intelligent analysis of large volumes of data. Today, there are a huge
number of recognition algorithms and technologies for their implementation, including in the
processing of seismic data, the use of clustering methods and event recognition in seismology.
Such events include weak seismicity (earthquake swarms) in any seismically active region.
This approach carries a promising method for representing seismic events in real time, and
their visualization occurs directly during the continuous flow of seismic events.

To ensure seismic safety of the region in a timely manner, it is necessary to use
modernized methods and means of processing large volumes of data. Including the method of
cluster analysis of events in the form of pattern recognition, swarms of weak earthquakes.

Keywords: Machine learning, Artificial Intelligence (Al), intelligent methods, pattern
recognition, seismicity, earthquakes, earthquake swarm, seismic safety

SEYSMIK TOHLUKOSIZLIYININ TOMIN OLUNMASI UCUN MASIN
OYRONMOSINO OSASLANAN INTELEKTUAL OYRONMO USULLARI
(ZOLZOLO KLASTERLORININ NUMUNOSINDO)

Abdullayev A. U., Lyutikova V.S., Litovgenko I.N.

XULASO

Mogalodsa siini intellektin masinda Oyronmasinds istifadosine miiasir vo miivafiq
yanagmalardan biri, mohz niimunalorin taninmast metodu taqdim olunur. Bu, boyiik hacmli
molumatlarin intellektual tohlili {igiin giiclii vasitalordon biridir. Bu giin seysmik malumatlarin
emali, klasterlosdirmo metodlarindan istifado vo seysmologiyada hadisolorin taninmasi da
daxil olmaqla, onlarin hoyata kegirilmasi ii¢iin ¢oxlu sayda tanmnma alqoritmlari Vo
texnologiyalart mévcuddur. Belo hadisalors istonilon seysmik aktiv regionda zoif seysmiklik
(zolzalo siiriilori) daxildir. Bu yanasma seysmik hadisalorin real vaxt rejiminds togdim
edilmasi tiglin perspektivli metod toklif edir vo onlarin vizuallagdirilmas: birbasa seysmik
hadisalorin davamli axini1 zamani bas verir.

Regionun seysmik tohliikasizliyini vaxtinda tomin etmok igiin boyiik hocmli
molumatlarin emalinin modernlagdirilmis tsul vo vasitalorindon istifado etmok lazimdir.
Niimunolorin taninmasi, zaif zalzaloslorin siiriilori soklinds hadisalorin klaster analizi metodu
da bura daxildir.

Acar sozlor: Magsin Oyronmosi, Siini intellekt (AI), agilli dsullar, niimunonin
taninmasi, seysmiklik, zalzalalor, zalzalos siiriilori, seysmik tahliikasizlik
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MAHMWHHOE OBYYEHUE HHTE/UVIEKTYAJIbHBIM METOJAM
PACITIO3HABAHMUSA OBPA30B J1JIs1 OBECIIEYEHUS CEUCMHUYECKOU
BE3ONACHOCTH (HA TIPUMEPE POEB 3EMJIETPSICEHUI)

AodnyanaeB A. Y, Jliorukosa B.C., JlutoBuenko U.H.

AHHOTAIUA

B pabore mpencraBieH OIWH U3 COBPEMEHHBIX M aKTyaJbHBIX IOJXOJOB
ucrnonbp3oBanusi MckycctBeHHOTO MHTENIekTa B MallMHHOM OOY4Y€HUHM, a WUMEHHO, METOJI
pacnio3HaBaHusi oOpa3oB. OH sBJsIETCS OJHUM M3 MOIIHBIX CPEACTB HMHTEUIEKTYaJIbHOTO
aHaim3a OonbIIUX O0BEMOB HaHHBIX. Ha CcerogHsmHWN [€Hb CYIIECTBYET OTPOMHOE
KOJIMYECTBO aJITOPUTMOB pACHO3HaBaHUS M TEXHOJIOTMH MX pealn3aluy, B TOM YHCIE MPHU
00paboTKke CeHCMHYeCKMX JJaHHBIX, HWCIOJIB30BaHUS METOJOB  KJacTepu3aluud U
pacro3HaBaHusl COOBITHI B ceiicMonorud. K Takum COOBITHAM MOYKHO OTHECTH CIa0yro
CEHCMHUYHOCTh (pOi 3eMIIETPSICEHUI) B JIFOOOM CEMCMOAKTUBHOM peruoHe. Takoil moaxoj
HeceT B cebe MEepCIEeKTUBHBIA METOJ MPEACTAaBICHUS CEHCMUYECKUX COOBITHI B pealbHOM
BPEMEHH, a MX BHU3yaJM3allvs MPOUCXOAUT HETIOCPEICTBEHHO B XOJ/I€ HEMPEPHIBHOTO MOTOKA
celicMHUYeCKHUX COOBITUH.

Jlnst  cBOeBpeMEHHOTo oOecriedeHus] CcelicMUYecKold 0e30MacHOCTH  perhoHa,
HEO0OXOJMMO HMCIOJIb30BaTh MOJEPHU3NPOBAHHBIE METOMBI U CPEICTBA 0OPabOTKH OOJIBIINX
00BEMOB JaHHBIX. B TOM umcine METOJ KIACTEpHOTO aHalu3a COOBITUH B BUIE
pacrno3HaBaHus 00pa30B, POEB CIA0BIX 3eMJICTPSCECHUH.

KuaroueBble ciaoBa: MamunHoe o0ydenue, HckycctBennwlid Wuremnexkr (MN),
MHTEIJICKTYalIbHbIe METOJIbI, PACIIO3HABAHUSI 00Pa30B, CEHCMUYHOCTD, 3eMIICTPACECHUS, POl
3eMJICTPSICCHUH, CeicMIUecKast 0€30acHOCTh

INTRODUCTION

At the present stage of development of artificial intelligence (Al) methods, the pattern
recognition algorithm is being developed and improved as one of the Al methods. There are
various methods used for pattern recognition [1,2, 3, 4, 5-8 ]. Modern recognition methods
include the pattern recognition algorithm based on graphical clustering of data (using the
example of earthquake swarm’s recognition), since the seismicity of the study region acts as
data for their clustering. In recent years, pattern recognition has become one of the relevant
areas related to the automation of information processing and use. In this direction, certain
successes have been achieved in solving theoretical and practical problems [1-23]. Pattern
recognition technology remains relevant today [8]. The paper presents the main theoretical
and practical issues of applying the pattern recognition algorithm based on the graphical
clustering method (GCM) of data - using earthquake swarms as an example, and an attempt is
made to assess the prospects for its development and application in machine learning [13-15].

Research methodology

As is known, pattern recognition (objects, signals, situations, phenomena or processes)
is the task of identifying an object or determining any of its properties based on its image or
other characteristics. In this case, the data in the computer is a set of objects, which is
represented by a set of unique elements of the same type. An image is a classification
grouping that unites (highlights) a certain group of objects based on a certain feature. Images
have characteristic properties. The method of assigning an element to a certain image is called
a decision rule. A metric is a way of determining the distance between elements of a universal
set. The smaller this distance, the more similar are the objects that we recognize [8].
According to the materials of the Internet "Wikipedia", the concept of a metric is understood
as: A metric on a set X is a mapping d: XxX — Rthat assigns to each pair &%) € XxX3 real
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number d(=¥)that satisfies the following conditions: 1) non-negativity: 4(z,v) > Ofor any (=y).
2) d=y)=0jf and only if T=1Y. 3) symmetry: d=w)=d(v,2). 4) triangle inequality:
diz,y) <dz,z)+d(zY)for any =v,2€X . XThe set together with the mapping dis called a
metric space, and is denoted by (X,d). The metric is a generalization of the concept of
distance to arbitrary spaces. Any space can be provided with a metric.

Setting and solution method

One of the areas of application of Al methods in seismic research is the pattern
recognition method. This method uses procedures of intelligent analysis and graphical
clustering of events. Based on the formal features of certain seismic events, a seismologist can
formulate the stages of recognition of these events and provide Al with a means of a formal
procedure for identifying the object that should be recognized in a large flow of seismic
events. Machine learning is based on the description of the procedure for recognizing specific
seismic objects according to their criteria. Step-by-step machine learning is built from several
stages of intelligent data processing.

The following approach is used in the seismic data stream recorded continuously during
seismicity monitoring of the study region.
The recognition procedure can be described as follows:
1. From a continuous stream of seismic events, a portion of events (data) is loaded.
2. In this portion of data, the clustering (sampling) procedure is considered.
3. If clustering is successful, then seismic events selected according to specific criteria
are allocated to a specific catalog of recognized earthquake swarms.
4. Recognition criteria describe the relationship between seismic events by distance, time
between events, and the number of events within a certain radius.
5. Based on the generated catalog of recognized seismic events, a graphical visualization
of the swarm activity of the study region is constructed.

That is, machine learning is reduced to specific recognition and visualization of swarm
activity in a region and the identification of promising areas of seismic activation in real time.
Computer modeling in this case complements the seismicity monitoring maps of the region as
a whole, with specific zones of swarm clusters and can be used as interactive zones for
observation and monitoring of the pattern of seismicity activation in the region [9-14, 16-23] .

Such maps contain information about the current seismic state of a seismically active
region and can be used in further research to ensure seismic safety of the region.

The cluster analysis method has been tested and is used in the laboratory of physics of
geodynamic and seismic processes. The author of the earthquake swarm recognition
algorithm has a master's degree in engineering and technology, so he can safely call himself
an expert in this field . More information about the swarm recognition method can be found in
publications [16-20]. Machine learning implementation requires highly qualified specialists in
programming and modern software. The machine learning complex should include high-
speed Internet for uninterrupted receipt of seismic data from Internet sources. The Intelligent
Shell should include easily configurable and understandable software packages for various
procedures. Namely, a complex for monitoring the current seismicity of the region, according
to reliable seismic catalogs. Visualization of such seismic events can serve as an initial data
set for clustering. The graphical clustering method is the main method in the procedure for
recognizing earthquake swarms. The graphical data clustering method for pattern recognition
(using earthquake swarms recognition as an example) is universal in various applied
recognition problems. The paper considers issues of recognizing earthquake swarms based on
graphical data clustering in any seismically active region. The results of applying the
specified recognition algorithm showed that graphical clustering of data is most convenient
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for recognizing swarm patterns in the seismicity of a region [15], and numerical
characteristics of swarms were also obtained.

Formal description of machine learning

Thus, the basis of the machine learning algorithm and the method for identifying
swarm sequences of events is such a theoretical approach.

Let’sa (1,1), a (1,2), ..., a (N N) occurs in a limited area during time t ;. Each of these
events is characterized by a set of parameters, some of which may be repeated (coordinates,
magnitude, etc.), while others never repeat.

It is always possible to construct a matrix R of states (1), symmetric with a zero diagonal
(keeping in mind that in the general case the matrix R can be multidimensional) [14].

CPCPREN
_| @22 (1)

R

According to generally accepted methods of cluster analysis, we must analyze the
correspondence of the elements of the rows in (1) to the given rules.

We believe that if there is a spatial relationship and interdependence of events, then it
should be expressed through “distances” (Euclidean or other) between events in n -
dimensional space.

If the geographic coordinates of an event are known, then we select the geometric
distance between the epicenters of earthquakes as a measure of the relationship.

Considering that the most interconnected events are those for which the inter-
epicentral distances are minimal.

After determining the compliance of the matrix elements (1) with a given rule in a
given parameter space (for example, the distance between events), we plot them on a graph
and connect them with lines in the sequence following from (1).

If there is a relationship and interdependence of events in the matrix (1), related tree-
like structures are formed on the graph.

The nodes of each of these trees form clusters similar to those calculated by other
cluster analysis methods. MGC does not require additional mathematical operations for
clustering, and therefore is performed significantly faster than other cluster analysis methods.

The calculation time for the MGC is proportional to the number of events in the
sample that forms the matrix (1).

The advantage of the MGC is that intersecting subsets are allowed in the analyzed state
space.

Such situations may arise when analyzing time sequences of events, when there are
clusters whose lifetime is less than the interval of the entire sample.

Features of the recognition algorithm. First, we defined the numerical characteristics of
"swarms" as earthquake sequences suitable for their description and recognition of swarms in
the catalog. This seems important because objective criteria for recognizing and identifying
"swarms" were not known. In general, the process of "swarm™ formation can be identified
with the procedure of spatial grouping of seismic events. For a more detailed qualitative
analysis of swarms, see [14,1 6-20].

Results

The presented method of graphical clustering of data is proposed to carry out
recognition of earthquake swarms in the seismically active study region.
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Theoretical justifications are proposed and a method for recognizing ‘“‘earthquake
swarms” is described, as well as a step-by-step practical algorithm for their recognition is
described.

An important result for machine learning is the Earthquake Swarm Recognition Criteria:
— the number of earthquakes in the “swarm” N>3;
— spatial distance between adjacent events forming a “swarm” L<10' in angular
measure;
— time between events in the "swarm" 0<Tm<15-26 days.

Using these numerical constraints, machine learning and MHC calculations are
performed.

A catalogue of swarms is then compiled for the selected area.

Conclusion

The introduction of machine learning into the process of studying the seismicity of any
region will allow obtaining interactive catalogs of swarm events. Mapping of earthquake
swarms will be done online, which will allow timely monitoring of seismic safety of areas
ready for the occurrence of strong earthquakes.

The work was carried out at the National Scientific Center of Seismic Research within the
framework of the Project Fund BR 24992763 “Assessment of Seismic Hazard of Territories of
Regions and Cities of Kazakhstan on a Modern Scientific and Methodological Basis”. Source
of funding — the Ministry of Education and Science of the Republic of Kazakhstan.
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