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2 Feature Extraction

Given the data set it may seem that it is advantageous to work with a changed adaptation of that
information. In these cases, it is possible to consider measures taken from the information to be features.
Features are helpful to cast the data from an alternate approach and guaranteeing that what is being studied
is depicted by just its most appropriate segments. A single illustration of the benefit of extracting features
from data originates from the investigation of musical genres. In the aforementioned case the processing
file consists of fragments from melodic soundtracks coming from structure distinctive musical genres, for
example, rock, traditional, electronic, hip-hop, and so on. The objective might be to take a melodic
soundtrack for which the genre isn't known and decide in which kind it best "fits". Rather than working
with the melodic time arrangement, it is more valuable to work with features that depict the track, for
example, lumber, beat, recurrence substance, and zero intersections, to give some examples. By changing
the information, it is at times more obvious structures in the information that lead to better characterization
results.

Our examination of the seismogram is performed on a sliding time windows of the three- segment
seismogram [Xz(t) Xu (1) Xz(t)]*, t =0, 1, ... (see Fig. 1). We structure the matrix X by gathering T tests of
the seismogram and stacking them intoa T x 3 grid
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It is important to understand however: the matrix X is actually a function of the time t at which we
separate the time window. To mitigate the notations when there is no uncertainty, we decide not to make
this reliance unequivocal. At the point when we think about two unique occasions t and t', or two distinct
seismograms, we use subscripts to separate between the time windows, for example X, X,. Overall, we
use subscripts all through this proposal to demonstrate that the matching vectors, or networks, have been
separated from various seismograms or at various occasions.

2.1 Geometric Polarization Analysis

In order to describe the polarization content in the time window X (1), we propose to break down the
seismic waveform X into a number of components that describe the Earth movement at various scales. For
cach scale, we obtain the primary vector of the Earth movement at that scale and utilize this data as the
classifier input. In this segment of the article, we show the multi-scale examination of the matrix X.

We decompose every one of the three sections of X with a I-level stationary wavelet transform (where
1 <logy(T)). The stationary wavelet decomposition is a redundant transform: we get 1 x T coefficients for
every one of the three orientations of the seismogram. Luckily, there exists a quick algorithm to obtain the
stationary wavelet decomposition: the "a trou" calculation [26].

Figure 1 shows a seismic signal (upper left), its spectrogram (bottom left), and the stationary wavelet
transform coefficients (right). The stationary wavelet transform can identify the second and third seismic
waves, while the spectrogram scarcely changes when the waves show up (see Fig. 1-bottom left). Since
seismograms can be estimated with extremely high accuracy utilizing few wavelet coefficients (|3, 16]),
the wavelet transform is more qualified than a brief timeframe Fourier transform to identify seismic rushes
of little plentifulness, as appeared in this model. Left: Z channel of a seismic signal (top) and spectrogram
(bottom). The appearance times of three seismic waves are set apart by vertical bars. Note that the second
and third waves scarcely cause any adjustments in the spectrogram. Right: stationary wavelet transform of
the waveform given in left. The magnitude is color based and shown as a component of time, from fine
scale (top) to coarse scale (bottom).
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including the estimation of model parameters in dynamic matrix, movement acknowledgment, and video-
based face acknowledgment [25]. In any case, the calculation of the geodesic separation may end up being
over the top expensive. Sommer et al. (2010) indicated that the addition in precision accomplished with
the genuine geodesic didn't exceed the calculation cost when the specific geodesic was contrasted with a
direct estimation with regards to Principal Geodesic Analysis [24, 27-31].

3.4 Phase Classification on the Sphere

The grouping of a period window X depends on a preparation set of named information to in part
populate the spheres, at all scales j = 1, ..., 1, with data about the kind of waves at the relating areas on the
spheres (see figure 2-right). We join the data given by the preparation marks with the information about
the geometry of the sphere to become familiar with a capacity that depicts the limit between P-waves and
L-waves. In this work, we assessed three distinctive regulated learning strategies to group the vectors v'i:
portion edge relapse, part bolster vector machines, and k-closest neighbors. The key part is the meaning of
a measurement and its related portion to evaluate vicinity on the sphere to in the end consolidate the
characterization results at all scales to produce a mark.

In the accompanying sub-segments, we depict the order of the vector v; at a given scale j. We at that
point propose a data hypothetical measure to consolidate mono-scale characterization scores into a last
grouping outcome.

4. Results

4.1 Evaluation Strategy

As a seismic tremor arrives at the RMSN; it is recorded put away for future examination. Over the
system, a seismic tremor might be able to be detected at one station yet not at another. For example, a
sensor at a chronicle station might be down for fixes which in this way, comprises a botched account
chance.

In the regulated learning worldview, one must ensure a particular classifier isn't prepared with
information that will be utilized for testing the given classifier. At the point when information is
constrained, one must think about elective methodologies in surveying the viability of a calculation. In
these cases, we utilize the strategies for cross-approval to assess the exhibition of the learning methods.
These procedures ordinarily save a part of the general information for preparing and afterward utilize the
rest of the information for testing. The segments held for testing and preparing are rotated, bringing about
a n-overlap cross-approval, where n is the occasions the classifier is tried and prepared.

For the arrangement of seismic stages, we utilized a cross-approval technique that utilizes seismic
information gathered over the full system. In an arrangement run, we are utilizing a subset of the
informational collection, where each recording station in the system was utilized in gathering the
information. The main imperative for a given run is that information from a seismic tremor isn't gathered
at various chronicle stations in the system. In a characterization run, we work with 10 unmistakable
seismic tremors estimated some place in the system. During cross-approval, we forget about one tremor
seismogram and utilize the staying 9 seismograms to prepare our classifier. For instance, if we somehow
managed to have a similar tremor show up twice at various detecting stations in our system, this grouping
would be considered as cheating in light of the fact that a quake radiating from some source estimated at
two unique stations will vary just by a direct change. The straight change would be incited on the signal
because of the nearby geography of the account station. An elective methodology for cross-approval is use
information just gathered at a given station. In spite of the fact that this would be a legitimate
methodology, it isn't attainable in our examination because of information amount restrictions

4.2 Comparison of approaches

Table 1 shows test results under the methodology proposed by Jackson et al. (1991). It shows the
level of time windows for which the speculation Ho, "X contains a P wave" was acknowledged as a
component of the test edge 1. These outcomes relate to our execution of the calculation of [15] on our
dataset. At the point when the edge n = 0.30, the Lg are mistakenly characterized 33.25% of the time and
thusly are effectively ordered 66.75% of the time. This is a sensible location level of the Lg waves. Sadly,
a similar estimation of the edge for the invalid hypothesis was just acknowledged 23.62% and 44.56% of
the ideal opportunity for the Pg and Pn waves, individually. By dismissing the invalid speculation, the
classifier misses the P waves practically constantly, in this way yielding poor order of Pn and Pg waves.
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Diminishing n surely helps the recognition of the P waves, vet comes at the cost of noteworthy
misclassifications of the Lg waves in that the invalid speculation is acknowledged when it ought not be. In
any case, our methodology had the option to identify with a similar precision both P and L waves.

Detection of the P and L waves using a hypothesis test.

1 Pr(HOLg) > 1 Pr(HO[Pg) > 1 Pr(HO[Pn) > 1
0.50 0.00 0.00 0.00
0.40 12.29 8.11 20.46
0.30 33.25 23.62 44.56
0.20 54.24 4443 64.89
0.10 70.09 66.51 86.88
0.05 76.09 75.98 9331

5 Conclusion

Our objective in this work was to investigate the utilization of Al as it applies to seismology.
Specifically, we found a change that takes windows of three-channel seismic information and implants
them on the unit circle over various recurrence scales with the end goal that the area of the installing
portrays the seismic stage content in the wave. The utility of this change is focused on the stage grouping
in the component space. Basically, windows of seismic information relating to the equivalent seismic
stage class will in general be genuinely situated close to one another in the element space. Having this
kind of structure over the component space at various degrees of sign goals gives a solid establishment to
the use of regulated learning methods for stage grouping. Furthermore, the basic geometric structure of the
component space takes into account administered learning strategies to be made an interpretation of
straightforwardly to the eclement space. Fundamentally, we have told the best way to "lift" learning
strategies to a non-straight complex.

This research has been supported in part by Grant NeAP05132680 from the Science Committee of the
Ministry of Education and Science of the Republic of Kazakhstan and Grand “BT-20197.
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. MAIINHAJBIK OKBITY HEI'BIHAEI'T
CEUCMHUKAJBIK ®A3AJTAP KIIACCUHOPHUKAIIUACHI

Annotamus. COHFBI OIpHCINC KB IMITHAC CCHCOPIBIK TCXHOJOTHIHBIH JAMY bl CCHCMOIOTHATIBIK CHTHAIAPABI
TaNAAyFa ApHAJIFAH KOMIIBIOTCPIIK OMICTEPre CYPAHBICTHI apTThIpAbl. CeHCMUKANBIK CHTHAIIAPIBI TYABIPATHIH
MEXaHM3MACPI TYCIHYAIH HETi31 — CCHCMUKAIBIK TONKbIHAAP (pazachIH KaH-KAKTHI O1y MOHIiH Oinxipeni. ToxkeH
TYPIH aHBIKTay MYMKIHIIT1 CEHICMHUKAIIBIK €PTEPEK ECKEPTY KYHECIHIH KAKCHI )KYMBIC ICTEYiHE CENTITiH TUTI3EII.

By skyMBICTa YIIAPHAIBI CCHCMOTPAMMAMCH OIIICHTCH CCHCMUKAITBIK TOIKBIHIAPIBI JKIKTCYIIH JKaHA 9ICiH
ycemHaMb3. CeHicMorpaMvanap Oip-OipiMCH KHBLIBICATHIH VAKBITINA Tepe3enepre OemiHreH. MyHOAa VakbeITIma op
Tepese OipHeme (PH3HKAIBIK MAacIITAOTAFBl TCPE3CAC OPHATACKAH CCHCMHKAIIBIK TOJIKBIH OAFBITHIH CHITATTANTHIH KO
MacmTadThI, YIISIMIEMAl YHUTAPIBIK BEKTOPIAP >KUBIHTHIFBIMEH KopceTineal. CeHCMUKANBIK TOIKBIHAAPABI KIKTCY
MiHACTI ekiemmemai Oipiik c(epanapsl OOMBIHINA KIKTCY HYKTCICpiHIH Oipine aiHamamsl. bi3 Oya ecenti cdepa
TEOMETPHUSICHIHA OCHIMICITEH MAIIMHATIBIK OKBITY SAICTEPIH KOJIAAaHY apKbLIbl memeMi3. CeHCMUKAIBIK TOIKBIHHBIH
JKIKTEIyl TYpli CEHCMHKAIBIK TOJKBIHAAPFa OaHIaHBICTBI cepamapaarbl HYKTEIED SKUBIHTHIFBI APachIHIAFHI
IMCKAPAHBI 3CPTTCY KAOLMCTIHE HETi3meiarcH. Op CHTHAN INKAJACchIHAA 013 KiIacCH()MKAIMAFa KOJIAHBLIATHIH
OenricCi3miK YFBIMBIH aHBIKTAHMBI3, 01 chepa OOWBIHIIA YATIHIH Tapady TeOMETPHACHIH eckepeai. COHBIHAA 9p IIKana
OOMBIHINA AJTBIHFAH KIKTCY HOTIDKCIICPIH CpeKIIe Oenrire OipikTipemis.

CelicMOIIOTHS — YaKbIT 6T€ KEJIe JKepACTi iIIKI e3repiCTepi 3ePTTEY apKbLIBI KEPAIH 1MIKI KYPbLUIBIMBI TYPAJIbl
TYCIHIKTEpAlI KEHEHTyre OarbITTaiFaH 3eprrey camachl. CelcMOnmorms MEH ABIOBICTBIK TOJIKBIHAAPABI TANAay
apachIHA THIFBI3 OalmaHbIc 6ap. CeWCMMKAIBIK TOJIKBIH MIBIFY KO31HAE maiaa 601aabl 1a, OpTa APKbLIEI OTIIl, OHBI
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’ka30a KypamaapsIMeH OacKapyfa 0oiansl. THiCiHIIE ABIOBICTHIK TOIKBIH MIBIFY KO31 APKBLTBI KACATATBI (MBICAIEL,
aBTOMOOHWIIb CHUTHAIIBI), aya apKbIIbI KOZFATIAIBI A4, aaM KYJIAFrblHA ecTieni. MyHIal CUTHAIIAPAbI 3ePTTEeY KO34iH
ayJaHbl MCH TOJIKBIH 6TKCH OPTa TYPaJIbl MAJIMETTEP Oepe ama bl

CoHFBI KbUIIAPHl CEHCMUKAIBIK CHTHANIAPIBI 3ePTTEY IUIAHCTAMBI3ABIH JAMYBIH TEPEHIPEK TYCIHYTE OKEII.
Kenreren enaepre kepacTsl TYpakThl aKTUBTEPL Oap aMaKTapAbl 3€PTTEYTe MYMKIHIIK Oep/i sKOHE CCHCMHKAIbBIK
JKep CLIKIHICTEPiHIH a71aM CaHBIHA dCEPIH a3aHTy YINIH KYHABI akmapar oepai. by mamy apH 6aCThl KbI3bIFY IIBIIBIFBI
— JKep CINKIHICIHIH KOFAMFA OCEPiH a3aiTy MEH KYHIbI MAIIMETTEpP any YIIH CEHCMHKAJIBIK CHTHAIIAPIBI 3EPTTEY
omictepi Oomemm caHamambl. Byn omicTep epTe CCHCMHKANBIK eCKepry skyieciHiH (ESWS) HHHOBAIMACHIHIAFHI
TPOTPECTi BIHTAJAHABIPAIBI JKOHE CEHCMHKANBIK TOJKBIHIAPABI 3E€PTTCYiH Oamama MEepCICKTHBACHIH YCBHIHABI.
Aran afitkanza, Al ogicTepin KoIIaHy apKbUT CCHCMHUKANBIK (Pa3amapasl KIKTCYIiH 9JICTCMCECIH YCHHAMEBI3,

JKymeicrarsr MakcaTeiMbI3 — Al omicTepiH CCHCMOIOTHADA KOJNTAHYIBI 3CPTTCY. ATam alTKAHAA, YIIAPHAJBI
CCHCMHKAIIBIK AKIApaT TEPE3CJICPiH aJaThIH KIHE TYNKIUIIKTI MAKCaThl 0ap TYpii KalTalraHy ayKsIMBIHIA OJApAbI Oip
IMCHOCPTC OPHANACTBHIPATHIH ©3TCPIiCTi TAUTHIK, OCHUIANINA OPHATY AHMAFbl CCHCMHKANBIK KC3CHHIH MA3MYHBIH
TOIIKBIHMEH Kepcerei. by esrepicTiH THIMILTIT KOMIOHEHTTEP KEHICTITIHACTI KE3CHACPII TONTAYFa OAFbITTAIFAH.
Kamer anFasaa, ceHCMUKANBIK KE3EHACPIH IKBHBAJICHTTIK KIACBIHA KATBHICTHI CCHCMHKAIBIK AKMapaT Tepe3eiepi,
JKaIbl KaFJaliaa, 3JIeMeHTTep KEHICTITiHAE Oip-OipiHe JKaKbIH OPHATACaabl. OPTYPI ACHICHICTI CHMBOIIBIK MAaK-
carpl 0ap KOMIIOHCHTTEP KEHICTITIHAC OCBIHAAH KYPBUIBIMHBIH OOJYbI TONTHIK KE3CH YIIIH OKBITYABIH PETTEICTIH
omicTepiH KommaHyFa ceHiMai Herid Ocpemi. COHBIMCH KaTap, KOMIOHCHTTIK KCHICTIKTIH HETI3Ti TCOMCTPHITBIK
KYPBUIBIMBI 3JIEMCHTTED KEHICTITIHE TIKETEH TYCIHAIPUIYI THIC OacIObUIBIKKA AJNBIHFAH OKBITY CTPATCTHSUIAPBIH
eckepei. [IIpHABIFBIHAA 013 OKBITY CTPATETHACHIH KEIICH I TYP/E Kalal «KOTEPY» KEPEKTIri Typaibl OastHIAIbIK.

Tyiiin ce3aep: ceHCMOJIOTHS, MANIMHAIBIK OKbITY, Al omici, CEHCMHKANBIK TOJKBIHAAP, YaKbITIIA TEPE3e,
YIIapHAIBI ceficMorpaMMaap, MOJIIPH3AIHST Ma3MYHBL
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KJIACCUOUKAIIMA CEHCMHUYECKHX ®A3
HA OCHOBE MAINIMHHOI'O OBYUEHMUA

AHHOTAIHS. 32 TOCJICTHHEC HECKOJBKO JIET JOCTIDKCHHS B OOIACTH CEHCOPHBIX TEXHOJOTHIl IPHBEIH K
VBEJIMYCHHIO CITPOCA HA KOMITBIOTCPU3HPOBAHHBIC METOAbI AHATN3a CEHCMOJIOTHYECCKUX CHTHANOB. LIeHTpanbHBIM B
TMOHAMAHUK MEXaHH3MOB, TCHCPHPYIOIINX CCHCMUYECKUE CHTHANBI, ABISICTCS 3HAHUE (a3 CEHCMHYECCKHUX BOJH.
Bo03MOXHOCTS YKa3aTh THII BOJHBI NMPHBOJUT K JydmeMy (yHKIMOHHPOBAHUIO CCHCMHYECKHX CHCTEM PAHHETO
Npe Iy IPSKACHUL

B mamnO# paboTe MBI HpEIIaracM HOBBIH METOA KIACCH(HMKAIMH CEHCMHYECCKUX BOJH, H3MECPECHHBIX IO
TPEXKaHATBHBIM ceificMorpamMam. CeficMorpaMMBI Pa3eiIcHbI HA MIEPEKPHIBAIONINECS BPEMEHHBIC OKHA, TIE KAKI0C
BPEMECHHOEC OKHO OTOOpa’kacTcs HA HAOOp MHOTOMACINTAOHBIX TPEXMEPHBIX YHHTAPHBIX BEKTOPOB, KOTOPBIC
OTIHUCHIBAIOT OPUCHTALMIO CEHCMHYECKOH BOIHBL, MPUCYTCTBYIOIICH B OKHE, B HECKOJIBKUX (PH3MYECKUX MacmTadax.
3agaua xmaccH()MKAUMKM CEHCMHUHYECKMX BOJH CTAHOBHTCA OJHOH M3 TOYEK KIACCH(HMKAIIMH HA HECKOIBKHX
JBYMEPHBIX CIMHUYHBIX cepax. MbI permaeM 3Ty MpodsieMy, HCIOIb3Y I METOAbI MAIMMHHOTO OOYUCHUS, KOTOPBIC
amanTupoBaHel K reomerpuu cepbr. Knaccmpukanms ceHCMHYECKHX BOIH OCHOBAHA HA HANIEH CIIOCOOHOCTH
H3y4aTh TPAHMIBI MEKAY HA0OpaMHU TOUEK HA c(epax, CBI3AHHBIX C PA3THYHBIMHU THIIAMH CEHCMIYECKHX BOIH. Ha
KaXIOH IKaje CHTHAJIa MBI ONPEACIIEM MOHITHE HEONPEACICHHOCTH, MPHIIOKECHHOE K KiIacCH(DUKAINK, KOTOpas
VUATHIBACT TCOMCTPHIO PACIPCICICHHA BRIOOPOK Ha cepe. HakoHenm, MbI 0OBCOHMHACM PE3YIIBTATHI KJIACCH(H-
KAllHH, TIOJY YCHHBIC B KAYKIOU MIKAJC, B YHAKABHBIN APIIBIK.

Ceiicmonoruss — 31a 00JACTh MCCIICTOBAHHH, COCPEIOTOUCHHAS HA PACIIMPCHHH IOHWMAHWS BHYTPCHHEH
CTPYKTYPBI 3€MJIH IyTEM HCCICAOBAHMSA BHYTPECHHHX M3MCHCHHWIT 3eMin BO BpeMcHH. CyHIECTBYET TECHAs CBA3b
MEXKIy CEHCMONOTHEH W aHATH30M 3BYKOBBIX BOJMH. CeHCMMYECKasl BOJIHA TCHEPUPYETCS Y MCTOYHHUKA, MPOXOIHUT
yepe3 cpey M MOKET KOHTPOJIMPOBATHCA 3aMHCHIBAIOIIMME HHCTPyMEHTaMH. COOTBETCTBEHHO, 3BYKOBAasS BOJHA
CO3JIACTCSI HCTOYHHKOM (HAIpUMEpP, aBTOMOOWIBHBIM CHTHAJIOM), JBIDKETCS IO BO3AYXY M MOYKET OBITH YCIBIIIAHA
YENOBEUYECKUM YXOM. McchnenoBanne TakuX CHTHAIOB MOXKET JATh JAaHHbBIC O IUIOIIAAH UCTOUHHUKA M CPEIbI, Yepe3
KOTOPYFO IPOIILIA BOJIHA.
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