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AHHOTANMSA

Beenenne. I1Inpoko n3BECTHO, YTO CpPeiU 3BYKOBBIX CHUTHAJIOB, HOPOXKIAEMBIX MPHPOIHBIMH U TEXHOT€HHBIMU
SIBJICHUSIMHU, HanOoJiee TOJITrOKUBYIIMMU SIBISIIOTCS BOJIHBI YacToToi MeHee 20 ', nMeHyeMble nH}pa3ByKoM. ITO
CBOI\/'ICTBO IMO3BOJIACT OTCJIC)KHUBATH IYTEM I/lH(bpa3ByKOBOFO MOHHUTOPHUHI'a BOBHUKHOBCHHUE BBICOKOOHEPICTUYECCKUX
cOoOBITUI B pernoHaldbHBIX MacmTabax Ha pacctosHuu 10 200-300 kM. Bmecte ¢ TeMm BbIIeIeHUE MONE3HBIX
MH(]Pa3BYKOBBIX CUTHAJIOB U3 (POHOBOTO IIyMa SIBISETCS HETPUBUAIBHOM 3amadeii mpu 0OpabOTKe CUTHAJIOB B
peanbpHOM BpeMeHHU U mocTdakTtyM. B pabore mpennaraetcss HOBBIM METOJ KiacCHPUKAINYU cHenu(prdecKux
CUTHAJIOB B JJaHHBIX MH(PA3BYKOBOI'O MOHHTOPHHIA C UCIOIB30BaHUEM MEPECTaHOBOUHOM dHTponuu LlleHHOHA 1
BEKTOPOB PaCIIPE/ICNICHUS YaCTOT BCTPEYAEMOCTH IIEPECTAaHOBOK ITOCIIECI0BATEIEHBIX BHIOOPOUHBIX 3HAUCHUH paHra 3
(KOJIMYECTBO HIIEMEHTOB IepecTaHoBKH). MeToa. J{jist OIleHKH TPHIMEHNMOCTH ITPEeIaraeMoro SHTPOIUIHOT0 MeTosia
KJIacCU(HUKALUK UCIIOIb30BAaHBI J[BA METOJAa MAIIMHHOTO OOYYEHUS] — METOJ| CIIy4ailHbIX JIECOB M KJIACCHUCCKUIl
HeWpoceTeBoi moaxo. MeTopl peain3oBaHbl Ha s3bike Python ¢ ncnons3oBannem oubnuorek Scikit-lean, TensorFlow
u Keras. BolmonHeHa olneHka KauecTBa KjacCH()UKAMK 110 CPAaBHEHHUIO C TPATUIMOHHBIM YaCTOTHBIM METOJOM
BBIJICJICHHS KJIACCOB, OCHOBAHHOM Ha HCIIOJNB30BAaHUU IpeobpasoBanus @ypre. Pacmo3naBanue npoBeeHO Ha
TIOATOTOBJICHHBIX TAaHHBIX HH(Pa3BYKOBOrO MOHUTOPHHTA Ha TeppuTopun PecmyOnuku Anraii. OCHOBHBIE pe3yJIbTaThl.
PesynbraThl BEIYHCIUTETFHOTO SKCIIEPHIMEHTA 110 PA3ICICHUIO MISTH KJIACCOB CUTHAJIOB TTOKA3aJIH, YTO KIACCU(PHUKAIHS
MIPEUIOKCHHBIM METO/IOM JIaeT OJMHAKOBEIE Pe3y/IbTaThl PAcIiO3HaBaHUsI HEIPOHHOIT ceThio. [1pu 3ToM 110 cpaBHEHHUIO C
YaCTOTHOH Ki1accu(HKaIMeil HCXOMHBIX TAaHHBIX TOYHOCTH paciio3HaBaHus cocTaBmia 51-58 %. Jlist Mmetona ciyqaitHbIx
JIECOB TOYHOCTh PACIIO3HABAaHMs YACTOTHBIX KJ1accoB paBHa 51 %, a 11 MeTo/ia IepecTaHoOBOYHOM sHTporuu — 45 %.
O06cy:xnenue. AHaJIU3 Pe3yabTaTOB BBIYUCIUTEIBLHOTO YKCIEPUMEHTA MMOKA3aJl KOHKYPEHTHOCIIOCOOHOCTh METOAa
KJIaccu(pHUKAIMHU [IePeCTaHOBOYHOM SHTPOIHMH MPU Paciio3HaBaHUU HH(PA3BYKOBBIX CHIHANIOB. [IpeiaraeMplii METO
peanu3yeTcs 3HaYUTEIBHO MPOILE P MTOTOYHOH 00padOTKEe CUTHANIA B HU3KOMOTPEOISIOMNX MUKPOKOHTPOJIIIEPHBIX
cuctemax. [lmanupyercs manpHeimas anpodanus METoJa Ha MyHKTaX PErHCTpanuu HH(Pa3BYKOBBIX CUTHAJOB, a
TaK)Ke B COCTABE CHCTEMBI 0OPa0OTKH JTaHHBIX HH(PA3BYKOBOI'O MOHUTOPUHTA IS BBIICICHUS COOBITHI B pealbHOM
peKHMe BpEMEHH.
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Abstract

It is widely known that among sound signals generated by natural and anthropogenic phenomena, the most long-lived
are waves of frequency less than 20 Hz, called infrasound. This property allows tracking at a distance by infrasound
monitoring the occurrence of high-energy events on regional scales (up to 200-300 km). At the same time, the separation
of useful infrasound signals from background noise is a non-trivial task in real-time and post-facto signal processing. In
this paper we propose a new method for classification of specific signals in infrasound monitoring data using Shannon
permutation entropy and vectors of frequency distribution of occurrence frequencies of permutations of consecutive
sample values of rank 3 (number of permutation elements). To evaluate the validity of the proposed entropy-based
classification method, two machine learning methods — random forest method and classical neural network approach —
implemented in Python language using Scikit-lean, TensorFlow and Keras libraries were used. The classification quality
was evaluated against the traditional frequency-based method of class extraction based on Fourier transform. Recognition
was performed on the prepared infrasound monitoring data in the Altai Republic. The results of computational experiment
on the separation of 5 classes of signals showed that classification by the proposed method gives the same results of
recognition by neural network with in comparison with frequency classification of the original data; the recognition
accuracy was 51-58 %. For the random forests method, the recognition accuracy of frequency classes was slightly
higher: 51 % vs. 45 % for classes using the permutation entropy method. The analysis of the results of the computational
experiment shows sufficient competitiveness of the method of classification by permutation entropy in the recognition
of infrasound signals. In addition, the proposed method is much easier to implement for inline signal processing in low-
consumption microcontroller systems. The next step is to test the method at infrasound signal registration points and as
part of the infrasound monitoring data processing system for real-time event detection.

Keywords
machine learning, random forest model, artificial neural network, infrasound, permutation entropy, classification of
time series fragments
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BBenenue

MHorue coObITHS KaK MPUPOAHOTO, TaK M TEXHOT€HHO-
ro Xapakrepa (ceiicMuueckas Wi Tpo30Basi aKTUBHOCTb,
W3BEPIKEHUS BYJIKAHOB, JIECHBIC MOXKAPhl, METEOPOUJIBI,
najicHre ()parMeHTOB PAKET, XHMUYCCKHUC U STCPHBIC B3PbI-
BBI U T. I.) COMPOBOXKIAOTCSI BOSHUKHOBEHUEM HH(Dpa3-
BYKOBBIX BOJIH, KOTOpPBIC OJlaroiapsi CBOUM (PU3UYCCKUM
XapaKTEePUCTUKAM MOTYT OBITh OOHAPYKCHBI Ha 3HAUUTEITb-
HBIX PACCTOSIHHUSX OT UCTOYHHUKA COOBITHHA. MOHUTOPHHT
nH(Pa3BYKOBOH 0OCTAaHOBKH ITO3BOJISCT UCCICIOBATh, a
WHOT/IA JaXKe U MIPEACKa3bIBaTh HEKOTOPBIC KaTacTpodude-
cKkue siBIeHu. J{J1s 9Toro HeoOXOANMO HAYYIUTHCS TTPUHU-
Marth PemIeHNs O HATMYUH FITH OTCYTCTBHH B HCCIIETYEMBIX
(parmMeHTax BPEMEHHBIX PSIIOB CHTHAJIOB C 3aJaHHBIMH
XapaKTePUCTHKAMH, T. €. PEIIaTh 3a7a4y KIaCCUPHUKAIINN
WCXOIHBIX MaHHBIX. OTHUM U3 TIOAXOI0B K pa3pabOoTKe aB-
TOMATHYCCKUX KITACCU()UKATOPOB SIBIISICTCS UCIIOIB30BAHNE
METOJIOB MAIITMHHOTO O0Yy4CHUSI.

Tak, B pabote [1] comepkarcsi pe3yabTaThl UCCIEIO0-
BaHUs MCIIOJIb30BAHUS [IYOOKOTO OOYYCHHS CO CBEPTOY-
HbIMU HelipoHHBIME ceTssMU (Cable News Network, CNN)

JUlsl KJIacCU(MKAIIMK CUTHAJIOB 3JIeKTpo3HIedatorpaduu
(93T mpu nenpeccun. Mccnenorana 3phekTHBHOCT Me-
Tona CNN B cpaBHEHUH C IpyrUMU METOAAMH KIlacCU(H-
KallMy ¥ NPOaHaJIM3MPOBaHa €ro IMPOU3BOANUTEIBHOCTD Ha
HaOope JaHHBIX CUrHaJIoB DO MalMeHToB, CTPaIalonnX
nenpeccueil. Pe3ynbrarel uccieaoBaHus MOKA3aIH, YTO
CNN neMOHCTpUPYET BEICOKYIO TOYHOCTD KJIACCU(DUKAIINT
1 MOXKET OBITh 3()(heKTHBHBIM HHCTPYMEHTOM ISl THATHO-
CTHKH JIETIPECCHH Ha OCHOBE CHTHasoB DO

Pabota [2] mocBsimeHa ncciaenoBaHUIO METOIOB Kirac-
cuukanuu nanaeix D01 ¢ UCTIOIB30BaHUEM TEXHUK Ma-
IMUHHOTO 00y4eHwus. B paboTe paccMOTpeHO MPUMEHEHHE
Ppas3IMYHbIX AJITOPUTMOB MAalllMHHOTO O6y‘IeHI/I$[ JUI KJ1ac-
cudukanyuu curuaigos D3I, Takux Kak METOJ OMOPHBIX
BEKTOPOB, CIIy4allHBIN Jiec, HEWPOHHBIE CETH U JpyTHE.
BeirosiHeH cpaBHUTENBHBIH aHann3 (QGEeKTUBHOCTH pas-
JIMYHBIX METO/IOB KJIAaCCU(HUKALIMH Ha IIPUMEPE peaibHbIX
naHHeIX DOT.

Pa3paboTdnku METOI0B MAITMHHOTO 00YYEHUS B CBOMX
paboTax oOpammaroT 0cod0e BHUMaHHE Ha BYKHOCTH MOATO-
TOBKH HaOOPOB JTaHHBIX, ITOJJaBAEMBIX Ha BXOJI BERIOpaHHON
MOJIENT! MalIMHHOTO 00ydeHus. B OompmmHCTBE padoT B
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Micnonb3oBaHMe TEXHONOMNI MaLINHHOMO OGy‘-IeHVIFI npuv peweHny 3agayun knaccupuvkaumm CUrHanoB MOHUTOPUHTA...

Ka4eCTBE JIaHHBIX, MOJaBAEMBIX Ha BXOJ MPUMEHSIEMBIX
MojieJIell MalllMHHOTO O00y4YeHHsI, HCCIIEI0BaTeIH HCIOJIb-
3yIOT BEKTOPBI, MOJIy4EHHBIE B pe3yiIbTare MpeoOpa3oBaHust
Dypse.

Hanpumep, B pabote [3] mponsBeicH aHAIH3 CUTHAIOB
30Tl nanneHToB ¢ IUarHO30M JIIMJICTICHS, TTOCPEICTBOM
KOTOPBIX B JaJbHEHIIEM CO31aHbl 00YJaroNIie TaTaceThl
JUTS Pa3TUYHBIX MOJenel HeMpoHHBIX ceTeil. C moMOIIThIo
npuMeHeHus si3b1ka Python, peanu3oBaHbl TpaUIIMOHHBIE
METOJIBI KJTACCU(HKAIIH, KOTOPBIE HCIOJIB3YIOT YaCTOTHBIC
JaHHbIe nccneaoBanuii D01, mody4yeHHbIe TyTeM H3BIIe-
YeHHs NMPU3HAKOB MPHU MOMOIIH aHann3a Dypre ¢ yueToMm
JINarna3oHOB YacTOT.

B [4] uccnenoBana BO3MOXXHOCTB pa3iiyeHust (hoKab-
HBIX M HE(OKAIBHBIX CyIOpPOT Ha OCHOBE aHaJlM3a CHI'Ha-
s0B O0I. TlpenyioxkeHo NPUMEHATh METOJ] CKOJIB3SIIETO
PEKMMa CHHTYJISIPHOTO CIIEKTPAILHOTO aHAIN3a C UCTIONb-
30BaHMeM criekTpa Dypre 11t 06padbotku qaHHEIX D00 1
BBIJICJICHUS XapaAKTEPUCTHK, OTIIMYAIOMNX (POKAIBHBIE U
He(hOKaTbHBIE CYIOPOTH.

B [5] onmcansl pe3yasTaThl HCCIASIO0BAHUS 110 KIACCH-
¢bukanun curuano D3I ocpecTBOM HEHPOHHOM CETH U
MTOCJIEAYIOIEMY PAcIIO3HABAHUIO MPHU3HAKOB AIHJICTICHU.
Just kinaccngukanuu GokagbHBIX U HEPOKAIBHBIX CHI'Ha-
50B D21 mpeiokeH Moxo/l, OCHOBaHHBIN HA YaCTOTHOMN
obnactu (OucrnekTp). bucnexp onpenensiercs Kak mpeoo-
pazoBanne ®ypbe TPOHHOI KOPPEISIUOHHONW (YHKINU
W HCIIONIB3YETCSI Ul XapaKTEPUCTHKU HEIMHEHHOCTH U
cbopa nHpOpManNH, KOTopast HOAXOAMUT VIS pasIndeHHs
curnanoB DI

Takum oOpa3zom, u3ydeHne MUPPOBBIX TEXHOIOTHH,
MTO3BOJISTFOIIMX aBTOMAaTHU3MPOBATh PEIIEHHE 3a1ad Kiac-
cuuKanny ucciaeyeMbIX SIBICHUH, TT03BOJISET BBIICIUTD
B KaueCcTBE OCHOBHBIX METO/J0B MAIIMHHOIO O0y4YeHUS
MOJIENIN JIOTUCTHYECKON PEerpeccuy, CIIy4alHbIX JIECOB U
HCKYCCTBEHHBIC HelipoHHbIe ceTH [ 1—11]. OxoHuaTenbHbIH
BBIOOD MOAXOSIIMX ISl HACTOSIIEH PadOTH METOI0B Ma-
LIMHHOTO 00y4YeHUs! ObUT OTIPE/IeIIeH 110CIIe 03HAKOMIICHUS
C pe3yJbTaTaMu 3KCIIEPUMEHTOB, ONUCAHHBIX B pabore
[7], B KoTOpO¥i aBTOpamMK ObliIa MPOBECHA KIIacCH(HKa-
LUsT aKyCTHUYECKUX CUTHAJIOB Ha MPUMEpPE IIyMOB CEpALa.
Krnaccendukanms ocymiecTsuiach o 0COOCHHOCTSIM CIIEK-
Tpa 3ByKOBOTO CHTHAJIa C TIOMOIIIBIO METO/IOB JIOTHCTHYE-
CKOW perpeccui, Clly4ailHbIX JIECOB U € MCIIOJIb30BAHUEM
HCKYCCTBEHHON HEHMPOHHOH ceTu. s Kaknoro Merona
BBITIOTHEH pacyeT METPUKU TOYHOCTH, TONHOTHI, F1, Ma-
TPUIIbI OLIMOOK, a TAK)KE BPEMsl, 3aTpadeHHOE Ha 00yueHne
1 TeCTUPOBaHKE MOJIeTH. B pesysnsTare 6bU10 yCTaHOBICHO
MIPEBOCXOJICTBO HEHPOHHOM CETH HaJl METOAAMU CITy4aiiHO-
T JIeca M JIOTHCTHYECKON perpeccuyl nNpu Kiaccudukanuu
aKyCTU4eCKHX CUrHasoB. OTAENBHO OTMEUEHO, YTO J0JL
HEBEpHO KJIacCH(UIIMPOBAHHBIX OOJIBHBIX cepJiel OT 00-
IIETO KOJIMYEeCTBA OOJILHBIX CepJiel] B TECTOBOH BBHIOOpKE
JUISL UICKYyCCTBEHHOM HEHPOHHOW CETH COCTaBHJIA BCETO
19 % (mpoTtuB 76 % u 31 % A7 METOIOB JIOTUCTHUIECKOM
perpeccuu U cIy4aiiHBIX JiecoB). VcciaenoBaTeny yCTaHo-
BUJIM, YTO YJIy4YIIUTh KQYE€CTBO PAaCIO3HABAHUS MATOJIO-
THH cep/Iia Mo ero 3ByKOBBIM XapaKTEPUCTHKAM MOXKHO,
yBEJIUYHB 00beM HabOpa JaHHBIX, KaK OOJBHBIX, TAK U
3/I0POBBIX CEPACL, a TAKXKE OLIEHUB BAKHOCTh IPU3HAKOB,
MIPUMEHSAEMBIX IIPH NOCTPOCHUH MOJIENU U UCHONb3Ys PH-

3HAaKM ¢ OOJIBIIMM KayeCTBEHHBIM IoKa3arenaeMm. Kpome
TOT0, PACCMOTpPEHa BO3MOKHOCTh npuMeHeHust CNN 11st
TIOBBIICHUST KAYECTBA PE3yJIbTATOB KIIACCU(DUKAIIMU aKy-
CTHYCCKUX CUTHAJIOB.

B pesynbrare mpoBeIeHHOTO aHaN3a aBTOPHI HACTO-
Amei padOTHI PENININ MCCIeI0BATh BOSMOXKXHOCTD HC-
TIOJTH30BAHMS METO/Ia CITyYAHBIX JIECOB M NCKYCCTBEHHBIX
HEHPOHHBIX CeTeH, B Ka4eCTBE HaHOO0Jee MOAXOIIIINX IS
Pa3paboOTKH TEXHOIOTHH KIacCUPHUKAINT HHPPA3BYKOBBIX
curnainos. [Tpu 3ToM Juist OBBINICHUS YPPEKTUBHOCTH
BBIYHCJIIMTEIIBHBIX MMPOUCAYP, IPUMCHACMBIX IIPH IMOATO0-
TOBKE KJIACCU(PHULUPYEMBIX HAOOPOB, OBIJIO MPEIOKEHO
UCIIOJIb30BaTh MEPECTaHOBOYHYIO dHTponHIo [lleHHOHA 1
BEKTOPBI PaCHpe/ieNICHNs] YaCTOT BCTPEUaeMOCTH (OLIEHOK
BEPOSITHOCTH BCTPEUAEMOCTH) IIEPECTAHOBOK I1OCIIEI0BA-
TENTFHBIX BEIOOPOYHBIX 3HAYCHUH aHAIN3UPYEMOTO BPEMCH-
Horo psiaa st n =3 [12].

Lenb paboThl — nM3yYeHNE BO3MOKHOCTH U TTOTyICHUE
CPaBHUTEIBHBIX OLIEHOK d(PPEKTUBHOCTH HCIOIH30BAHUS
MeTO/Ia CITyJaifHbIX JIECOB M METO/Ia UCKYCCTBEHHBIX HEH-
POHHBIX CETeHl MPH Pa3IMYHBIX MOAXO0JaX K MOATOTOBKE
KJIacCU(UIMPYEMbIX HAOOPOB B MPOIIECCE PELICHHS 3a1auK
OIPE/ICIICHUSI MECTOTIOJIMKEHUSI ()PArMEHTOB BPEMEHHOT'O
psina, conepKamx MHQPa3ByKOBbIE CHI'HAJIBI, HMEIOIINE
3aJJaHHBIC XaPAKTEPUCTUKHU.

Meton

CoBpeMEeHHBIE TEXHOJIOTHH MO3BOJISIIOT UCCIIEI0BATh
OKPYKaIOIMUN MHP, UCIIONB3YSI BOSMOKHOCTH BBHIYHCITHU-
TEIBHOTO PKCHEPUMEHTA, KOTOPHIN MpeanoiaraeT mpo-
IPaMMHYIO peat3alyio U(POBBIX MOJICINICH NCCIIelyeMBbIX
00BEKTOB MJIM ITPOIIECCOB, BBHITIOIIHEHHBIX C BBICOKOH CTe-
MIEHbIO JIeTATU3aIIH.

Jl1s mpoBeeHHs BBIUUCIUTEIBHOIO YKCIIEPUMEHTA
HCIIOJIb30BaH SI3bIK MporpaMmuposanus Python. C nemnbro
CO3IaHUS MIPOTHOZUPYIOIIETO KilacCU(HKaTopa Ha Oaze Me-
TOZA CITyYallHBIX JIECOB IPUMEHEHBI (DYHKIIUH OHOIHOTEKN
Scikit-learn. J{ms peanu3ariy MOAETH MTPOTHOZUPYFOIIETO
Kiraccugukaropa Ha 6a3e HCKYCCTBEHHBIX HEHPOHHBIX
ceteii ucnonbzoBanbl 6nbnnorekn TensorFlow u Keras.
Ocobennoctu npumenenus: ouodnmuoreku Scikit-learn onu-
caHbl B pazzaene « OCHOBHBIE PE3yNbTaTh».

[Ipu moaroroBke KiaccHPUIUPYEMbIX HAOOPOB HC-
TMIOJIb30BaHbI clienuaibHbIe QyHKIUK 13 onoanorex Ordpy
u Scipy. Jlns BU3yan3anuu UCCleayeMbIX (parMeHTOB
BPEMEHHBIX PsJI0B IIprMeHeHa onbinmoreka Matplotlib.

B kauecTBe 1mepBOro Meroja MalIMHHOTO 00ydYeHUs,
BBEIOPAHHOTO JIJISl KCCIICAOBAHHUS, OBLT HCITOIB30BaH METO]
ciayyaiiHoro jeca. biaronaps cBoei BHICOKOM TOYHOCTH,
MIPOCTOTE TIPUMECHEHUS U 3alllUTe OT epeoOydeHus, JaH-
HBIH METOJ SIBIISIETCSI TIOMXOISAIINM TIPH TIPOBEICHUH HCCITe-
JIOBaHUI M 00pabOTKe JITOOBIX 00BeMOB HHpOpMaIuH [2, 7].

BTopoii paccMOTpeHHBIM METO — HEHPOHHASI CETh.
B mporuecce skcniepuMeHTa ObLT BEIOPaH TOTOBBIN KI1ACC
HEUPOHHOW CETH, BKIIOUAIOIINN BCE HEOOXOIMMBIE TIe-
pemeHHbIe ¥ QyHKIMHU. Mcrons3yemast HEHpOHHAs CETh
conepkana yetoipe cinosi. [lepBblil uinu BxonHOH cioit X
COOTBETCTBOBAJ 7 KJIacCcaM BXOJHBIX MPHU3HAKOB. BTopoil
u tpetuil BHyTpenHue ciou H1 n H2 comepxanu no 10
HelipoHoB. Ha BBIXoze ObLT ompezenieH clioi Z, COCTOs-
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M U3 1ITH KiaccudukaropoB. Ha Tom ocHoBaHuM, 4TO
BbIOpaHHAsl HEHPOHHAsI CETh NpeJICTaBIsIeT COOOW Kiac-
CUYECKHMH BapuaHT HEHMPOHHOW ceTH, ObII HCIOIb30BAH
KJIACCHYECKHUH BapuaHT (QyHKIMH MPSIMOTO U 00paTHOTo
pacIpocTpaHeHHi ONOOK.

OcHOBHBIE pe3yJIbTAThI

Jst IpoBeIeHHsT BBIYMCIUTEIBHOTO SKCIIEPHUMEHTA 110
CPaBHHUTEIEHOMY aHAIIN3Y IIPOTHOZUPYIOLINX KIacCH(HUKa-
TOPOB, PEATM30BAaHHBIX Ha 0a3e METOI0B MAIITMHHOTO 00y4e-
HHS1, Ha TIEPBOM I11are SKCIIEPTHON IPYIIOH ObLIN BbIIETIECHEI
Y OIMCAHBI IISITh XOPOIIO Pa3InuMMbIX KJIACCOB BHIOOPOY-
HBIX ()parMEeHTOB BPEMEHHBIX PSJIOB, COACPKAIINX JaHHbIC
nH(]pa3ByKOBOro MOHUTOpUHTA. B KauecTBe WLTIOCTpauu
MOJIy4EHbI TpaQUKN KIaCCUPUIUPYEMBbIX CUTHAIOB BO
BPEMEHHOM 00JIaCTH M CIIEKTPHI ATHX K€ CHTHAJIOB B Ya-
CTOTHOH 00acTy. BBeieM Ha3BaHUs KJIACCOB U MX OyKBEH-
HbIC 0003HAYCHUS: ITyM (Nn); CUTHAI-IIYM (SN); XOPOIIAH
curHau (gs); oxoit curHai (bs); cMeImaHHbI curHAN (ds).

[MoaroroBum oOy4aromue Habopel. Onaun Habop! —
«OHTpONHIHEI» conepxan 100 BexTopos mo 20 Ha Kax-

JIbI pacnio3HaBaeMblil kiaacc. [Ipu 7ToM KOMITOHEHTBI (KO-
OpJIMHATHI) BEKTOPOB TIPECTABISUIN COO0H MH(OPMAIHIO
0 7 npu3Hakax (1epBble 6 MPU3HAKOB — OLEHKH BEPOSITHO-
CTEl «BCTPEYAEMOCTH» COOTBETCTBYIOIINX MEPECTAHOBOK
Uit n = 3 B 3aJaHHOM (pparMeHTe BpeMEHHOTO psifa, 7-oi
MIPU3HAaK — 3HA4YEHHUE «CIOKHOCTH» (PparMeHTa BpeMeH-
HOTO psifia, KOTOPOE BBIYUCIISIETCS] KaK JOMOJIHEHHUE 10
eIMHNUIbI 3HaueHHs 3HTpormu lllenHoHa manHOTO (hpar-
MEHTa). 8-as KOMIIOHEHTa BEKTOpa 0003Hadaga THIT pac-
[03HABAEMOI'0 KJiacca. BTopoii Habop? — «4acTOTHBINY,
OCHOBaHHBIH Ha UCIIOJIL30BAaHUH MpeodpazoBanust Dypbe.
JIroOoii BexTOop M3 3TOro Habopa coxepskai 10 npusHaKoB
((pakTHyUeCcKH MATH AP «4aCTOTA-AMIUTUTY/1A», UMEIOIINX
HanOOJIbILINE 3HAUCHHUS aMITIUTY/] B CIIEKTPE KI1acCUHIIU-
PYEMOro cUrHama).

B mepBoii yacTi BEMMUCINTEIBHOTO IKCIIEPUMEHTA BbI-
TIOJIHUM TIPHMEHEHHE U OLIEHKY TOYHOCTH METO/a CIIyJaii-
HBIX JICCOB.

CranmapTHas 3aa9a MallInHHOTO O0y4YeHNS HAa HAadallb-
HOM 3Tarle MpeArnoaaraeT NOArOTOBKY M 3arpy3Ky Habopa
nanHbIX. [IpuBeaem (parMeHT mporpaMMHOTO KoJa | IsITh
CTPOK U3 3arPY>KEHHOIO CIIMCKA JaHHBIX:

dataset = pd.read_csv(‘/content/dataset _entropy.csv’, header = None)
dataset.columns = [‘pl’, ‘p2°, 'p3’,'p4’,'p5’, p6’, p7’, ‘class_type’]

print(‘Cnucok oannvix. '+ str(dataset.shape))

Cnucok oannvix: (100, 8)

pl p2 p3 p4 pS poé p7 class_type
0 0.28163 0.11077 0.11044 0.10543 0.10585 0.28588 0.0577 bs
1 022336 0.13832 0.13557 0.14757 0.15033 0.20485 0.0109 bs
2 022272 0.14464 0.14014 0.13413 0.13864 0.21972 0.0137 bs
3 023183 0.13409 0.14160 0.12281 0.11654 0.25313  0.0266 bs
4 024525 0.13038 0.13138 0.12738 0.12621 0.23941 0.0255 bs

IIpencraBnenHblie B JUCTUHIE pl-p7 AAHHBIE ABISIOT-
sl KIacCU(PUIMPYEMbIMH MTPU3HAKAMH, TOAAIOIIUMUCS
Ha BXOJ MOJENM MAaIIMHHOTO o0yueHwus, class type —
MIpeIONPEACIICHHBINA KJIACC B TECTOBOM M TPEHUPOBOUHOM
BBIOOpKE.

Jlanee kaxxJOMy TEKCTOBOMY OOO3HAYEHHUIO PaCIO3-
HaBaeMOro Kjacca COMOCTaBIEHO YUCIIO, a BCe MPU3HAKU
00BEeIMHEHBI B OJIMH «BEKTOpY». TakuM 00pa3oM, KaKabli
«BEKTOP» MPU3HAKOB OyAeT MPHUHAUIeKATh KAKOMY-TTHO0
KJ1accy, 0003HaueHHOMY B BHJIC UHCIIA:

factor = pd.factorize(dataset/ ‘class_type’])
dataset.class_type = factor[0]

define = factor[1]

#Knaccot 0 —bs, 1 —ds, 2 —gs, 3 —nn, 4 —sn

JanHoe neiicTBre HEOOXOIUMO IPU MOJATOTOBKE JaH-
HBIX, [TOCKOJIBKY METOJ CIIy4alHBIX JIECOB OMOIMOTEKH
Scikit-learn moxeT paboTaTh TOJIBKO C YHCIOBBIMU 000-
3HAUYCHMUSIMU Kj1accoB [13].

Ha cnienyromem mare Bce «BEKTOPBI» U COOTBETCTBY-
IOIINE MM 3HAYCHUS KJIACCOB B OTAEIBHBIX CIHCKAX OBLTH

I [Dnexrponnsiii pecypc]. https://cloud.mail.ru/public/rft2/
bDr8X5Xsq (mara obpamenus: 28.11.2023).

00BbEIMHEHBI U TIOJI'OTOBJICH TECTOBBIN M TPEHUPOBOUHBIH
HA0OPBI TaHHBIX s 00ydeHus Monenn. OOyJaromas BI-
Oopka ObLTa UCTIONB30BAHA IS «HACTPOUKI TTApaMETPOB
MIPUMEHSIEMOI MOJIETIH, a TECTOBAsI BLIOOPKA — JIJIsl OI[CHKH
KauecTBa 00yueHHO# Mozean. OTMETHM, YTO B OTACIBHBIX
CITydasix MPUMEHSIOT JOTIOJHUTEIbHYIO BEIOOPKY — IMPO-
Bepounyto (Validationset). JlanHast BBIOOpKa HY>KHA IS
HAXOXKICHHsI HAMIYYIIHX THIIEPIapaMeTpOB MOJICIIH, T. €.
TaKUX MapamMeTpoB, KOTOPbIE HE MOTYT ObITh ONTHMHU3HU-
pOBaHbI B Ipoliecce 00yUYCHHUsSI MOJICNIN, HO BIUSIIOT Ha ee
kadecTBO. Hanpumep, B KauecTBe rurepnapamMeTpoB MOTyT
BBICTYIIATh CKPBITHIC CJIOW B HEHPOHHOU CETH, CKOPOCTh
o0yd4eHus MofieNelt 1 JIF00BIe PYTHE TTapaMeTphl, KOTOPBIE
MOYKHO HACTPOUTH B «PYHYHOMY PEKUME.

HaGop maHHBIX NPUHATO ACIUTH Ha 00YyYAIOUIYIO H
TECTOBYIO BbIOOpKH, B cooTHomeHuu 70/30 win 80/20,
e OOJIbILAs YacTh MCIIOIB3YETCsl Il 00yUeHHsT MOJISIIH.
Taxoxe Pas3aciICHUC TaHHbIX JOJIPKHO BBIITOJIHATHCA cnyqai/i—
HBIM 00pa30M, JUIsl NCKJIIOUSHHUS] BO3MOYKHOCTH TIOTIaaH s
0oiee «KaueCTBEHHBIX» UM «HEOOBIYHBIX» 3HAYCHUN B
OJIHy M3 BBIOOpOK. B pesynbrare obecrieunBaercs Oosee
TOYHAsI OI[CHKA KauecTBa Mojenu. J{jist o0ydeHus: Mojenu

2 [Dnexrponnsiii pecype]. https:/cloud.mail.ru/public/dSqH/
NjgtkMpUX (mara obpamenust: 28.11.2023).
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Micnonb3oBaHMe TEXHONOMNI MaLINHHOMO OGy‘-IeHVIFI npuv peweHny 3agayun knaccupuvkaumm CUrHanoB MOHUTOPUHTA...

Ha OTHOCHTEJIHHO HEOOJBIIONW BHIOOPKE JI@HHBIX MOXK-

HO NMPUMEHHUTHh METO]| IepeKpecTHOl nposepku Cross-

Validation. JlanHbIi METOZ TIO3BOJISICT pacHpeielIUTh CPaB-

HUTEJIBHO HEOOIbIINE JaHHbIC Ooiee FPPEKTUBHO, YeM,

Hanpumep, nenerne 80/20. OTMeTuM, 4TO B HACTOSAIICH

pabote He ucnons3oBaH Meton Cross-Validation, Tak Kak

[[ETb OTHCHIBAEMOTO BBIYMCIUTEIHFHOTO SKCIIEPUMEHTA

3aKJTFOYAeTCs He B MAKCHMAIIFHOM YITyUIICHIH KaKUX-THOO

METOJIOB, @ B CPaBHEHHUH ITOJyYCHHBIX PE3yJIbTaTOB IPU

«TIPOYMX PABHBIX yCIOBUAXY [14].

Euie ogHMM HeMaaoBa)KHbIM MOMEHTOM IIPH IOJIO-
TOBKE 00y4aromiel BEIOOPKH SIBJISIETCS TOT (aKT, 4To pac-
TIpefieJIeHne JaHHBIX MO KJiaccaM JIOJDKHO ObITh cOanaH-
CHUPOBAHO, T. €. KAaKOH-IM00 U3 KJIACCOB HE JKEeJIaTeIbHO
MIPEJCTABISTh 3HAYUTEIIEHO MCHBIIIMM KOJIMUCCTBOM JaH-
HbIX. COOMIOIEHNE 3TOTO MPaBHJIa MO3BOJIUT 3HAYNTEIIHHO
MTOBBICUTH Ka4eCTBO OOYYEHUS M TOYHOCTH MozelH [ 15].

[Tocie MOATOTOBKM M pa3[eICHUs BRIOOPKH JaHHBIX
BEITIONTHSICTCS MacIITaONpOBaHNE IPU3HAKOB. JlaHHBII mIar
OYCHBb Ba)KEH B MAIIMHHOM OOyUYCHHH, TaK KaK OH «IIOMO-
raeT» ajaropuTMy OBICTPO HAWTH HAWMIydIlee pelIeHHUE.
Hanpumep, npezacrasienHbiii B oubnnorexe Scikit-learn
metoj StandartScaler mpocTo npeoOpasyeT JaHHBIC IS
WX UEHTPUPOBAHUS, YISl CpellHee 3HAYCHHE Kax10i
(dyHKIMH, a 3aTeM MaclITabupyeT ee JeJICHHEM HEeIOoCTOo-
SIHHBIX XapaKTEPUCTHK HA UX CTaHJapTHOE OTKJIOHEHHE.
[Tociie 3TOro MOKHO OCYIIECTBUTH OOyUCHHE MOJICIH.
OMNBITHBIM TYyTEM OIIPEICIIAM CICAYIONINE BaXKHBIC Mapa-
METpHI i1l OOyYEHUsS MOJCIH METOIOM CITy4JaifHOTO Jieca
knacca RandomForestClassifier oubnmuorexn Scikit-learn:
— n_estimators: KONMYECTBO JIEPEBLEB B CIIyUaliHON Ki1ac-

cuduKanuu jJeca. Tak Kak Ipy 3HAYUTEIHHOM POCTE

KOJIMYECTBA JEPEBhEB B auamnazoHe Oosee 12 Habmro-

JaeTCsl He3HAUNTENBHBIH POCT TOYHOCTH MojienH [2],

OIPE/IEIIMM YMCIIO AEPEBbEB B CITyYaiHOM JIECY PaBHBIM

12;

— criterion: QYHKIUSI IOTEPh, KOTOPAsi HCIIONB3YETCS IS
M3MEpEeHHs KauecTBa pas/iesieHust JaHHbIX. 113 Tpex Bo3-
MOYKHBIX BapUaHTOB IIPH BeIOOpE onmponuu [llennona
OBLTH MOTYYCHBI JTYYIIHE PE3YIBTAThl, 4eM TIPH BEIOOPE
Jlorcunu,

— random_state: KOHTPOJb CIYyYaifHOCTH HAYaIbHOU
3arpy3KH BBIOOPOK, MCTIONB3YEMBIX TP MOCTPOSCHUHN
JICpEBbEB.

[IpuBenem ¢parmMeHT Koma, KOTOPHII JEMOHCTPUPYET
9Tarbl HOJIrOTOBKH TECTOBOI'O U TPEHUPOBOYHOTO HAOOPOB,
MaclTabupoBaHKe, 3alaHue TUIIEPIIAPAMETPOB H 3aITyCK
0OyYCHHUS MOJICITH:

X = dataset.iloc/:,0:7].values
y = dataset.iloc[:,7].values
X train, X test, y train, y_test = train_test_split(X, y,
test_size = 0.2, random_state = 42)
XX test =X test
scaler = StandardScaler()
X train = scaler.fit_transform(X train)
X test = scaler.transform(X _test)
classifier = RandomForestClassifier(n_estimators = 12,
criterion = ‘entropy’,
random_state = 42, oob_score=True)
classifier.fit(X train, y_train)

B pesynbrare BBINOIHEHMS] TPUBECHHOTO (parMeHTa
Kozta 00BeKT classifier siBasieTcs 00y4EeHHON MOJIEITBIO BH/IA
«CITy4JaiHBIN 1ecy.

Creayromum 1aroM Ipon3Be/ieM OIIEHKH ITPOU3BO/IHU-
TEJIFHOCTH M TOYHOCTH JaHHOW Mozenu. OneHky sddex-
TUBHOCTH 00y4aeMON MOJENHN pa3/iesiuM Ha CIEAYIOIne
STaIlbL.

Oran |. BrimogHeHNEe MPOTHO3MPOBAHUS KIIACCOB IS
BBIOOPKH TECTOBBIX JJAHHBIX.

Oran 2. BeinosHeHne o0paTtHOro mpeodpa3oBaHms YKC-
JIOBBIX COIIOCTABJIEHUH KJIACCOB B TEKCTOBBIM DKBUBAJIEHT,
KOTOPOE COCTOUT H3:

— CO3[aHus CI0BapsI VISl CONIOCTABIICHUSI TAOINIL M3 Kilac-
ca B TEKCT;
— npeoOpa3zoBaHMs TAOIUIIBI JTAHHBIX U3 YUCIIOBBIX KJIac-

COB B TEKCTOBBIE;

— OIICHKH NPOU3BOJUTEIHLHOCTH KIacCH(pHUKATOPa C HC-

MOJTE30BAHUEM MaTPHIII HETOYHOCTEH.

B kauectBe mpumepa npuBeIeM OLIEHKY TOUYHOCTEN
00y4ueHHBIX MOJIeel g HaOOPOB AAHHBIX, TTOATOTOB-
JCHHBIX C MOMOIIBIO «IHTPOMUIHOI0» U «4aCTOTHOTO»
HaOOpPOB.

Bo3bMeM npoBepouHbIil BEKTOp KJ1acca gs JJIsl «3HTPO-
nuiHOrO» Habopa

[0.31617,0.08727,0.09371,0.09227, 0.08655, 0.32403,
0.0941]

n 11 «9aCTOTHOI'O» Ha60pa

[27.225,137.364,27.258,397.07,27.291,278.729,27.324,
265.731,27.357,92.933].

PaccmoTpuM mporpaMMHYIO pean3aiiiio MpoBEepOUHON
POy PHI:

#Mampuya nemounocmeti

print(pd.crosstab(y_test, y_pred, rownames=[‘Actual
class’],

colnames=[ ‘Predicted Class’]))

#Tounocms mooenu

print(classifier.oob_score_)

#lIpedckasannwlil Kiacc

observation = [[0.31617, 0.08727, 0.09371, 0.09227,
0.08655, 0.32403, 0.0941]]
print(classifier.predict(observation))

#Bv1600 “‘eacicnocmu’”’ Kaxico020 NPU3HaKa
print(list(zip(dataset.columns[0:7], classifier.feature
importances_))).

[omyunM BUa pe3yabTaToB AJsl «IHTPOITHIHOTIOY» Ha-
Gopa:

Mampuya nemounocmeii:
Predicted Class bs ds gs nn sn
Actual class

bs 31010

ds 1 110 2
gs 11100
nn 000 3 1
sn 11 010
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Tounocms mooenu:

0.4 #40%

IIpeockazanmwiil kKnacc:

[4]

Ipoyenm saxcHocmu KaNCO020 NPUIHAKA:
[(p1,0.13),('p2°,0.18),(‘p3°,0.16),(‘p4°,0.12), (‘p5°,0.14),
(‘p6°,0.11),(‘p7°,0.16)]

[TpuBenem pe3ynbTaTsl Ui «IaCTOTHOTO» Habopa.
Mampuya nemounocmeii:

Predicted Class bs ds gs nn sn
Actual class

bs 320 00
ds 0 32 00
gs 0 1 2 00
nn 0 00 4 0
sn 011 01

Tounocme mooenu:

0.4625 #46%

IIpedckasannviii kKaacc:

[2]

Hpoueﬂm eal’cHocmu KleC()OZO npusHaka.

[(p1’, 0.04), (‘p2°, 0.20), (‘p3’, 0.05), (‘p4’, 0.22),
(‘pS5’, 0.03), (‘p6°, 0.15), (‘p7°, 0.05), (‘p8’, 0.14),
(‘p9’, 0.07), (‘pl0’, 0.05)]

Juist coxpaHeHus: 00y4eHHOI MOJEIN UCI0JIb3yeM
o6ubnuoTexy joblib, ¢ MOMOMIBIO KOTOPOIT MOXKHO COXpa-
HUTb U B JaJIbHEHIIEM 3arpy3UTh KaKOH-IH00 00BEKT
nporpaMmMbl. B 1aHHOM cilyyae cOXpaHEeH HaCTPOEHHBII
n o0ydeHHBI 00BEKT Kilacca MeTola CIIydaifHoro jeca
RandomForestClassifier:

#Coxpanenue modenu
Jjoblib.dump(classifier, ‘randomforestmodel.pkl’)

Takum 00pazom, 00yueHHas! MOIEITbh MOXKET HCIIOIb30-
BaThCsl JUIS TIPE/IBAPUTEIHLHON Kiaccu(pUKannu BEIOOPKU
MH(Pa3BYKOBBIX CUTHAJIOB, IIOCJIE Y€r0 MOXKHO ITPOM3BO-
JUTH OTOOP «ITOJIE3HBIX» JAHHBIX AJIS JajdbHEHIIe 00-
paboTKw.

PaccMoTprM MeTO MAaIMHHOTO OOYYEHHsI HA OCHOBE
HUCKYyCCTBEHHOW HelipoHHOU ceTH. [TloaroroBka oOyuaro-
el BEIOOPKHU JTAaHHBIX ATOTO METO/a HE OTINYAETCS OT
METOJla CIIy4alHOTO JIeca, I03TOMY OIMCaHUE JNAHHOIO
niara aHaJIornyHo. MyHKIMSI IPSIMOTO paclpOCTPaHEHUs
3aK/II0YAETCsl B MPAMOM NIPOXOJE Yepe3 BCE CIOU Hell-
POHHOM CETU C NPOTHO3UPOBAHUEM BBIXOAA JUISl KaXK10U
snoxu. [locne 3Toro, Ha OCHOBE Pa3HUIBI MEKY CIIPOTHO-
3MPOBAHHBIM BBIXO/IOM M (haKTUUECKUMH JJAHHBIMH YK€ B
rporecce 00paTHOTrO paclpoOCTPAHEHHsI, TPOU3BOIUTCS
oOHoBieHnEe BecoB. DyHKIMSA 00paTHOTO pacpoCTpaHEHHs
OIIMOKH MO3BOJIIET OOHOBIISATH BECA Y3JI0B HEHPOHHOU
CETH U ONPENENATh UX BaKHOCTb JJISl CUCTEMBI B IIEJIOM.
ITocne BeIOOpa Kilacca U 3a1aHHUS CTPYKTYPBI CETH MOXKHO
HagaTh 00y4eHHe HeWPOCETH 1 OI[CHUTh TOYHOCTH JaHHON
MOJIEJIN.

Manee, n1oJ00HO METOMY CIy4aiHbIX JIECOB, ONBITHBIM
MyTEM OIIPEEIUM IHIIepIIapaMeTphl JJisi 00yUeHHUs U Mpo-
BeJleM COOpKY MOJIeNIU U ee 00yueHue:

#Coz0aem mooenv cemu
model = Sequential()
model.add(Dense(1000, activation= ‘relu’, kernel
initializer="he_normal’,
kernel _regularizer=regularizers.12(0.01),
input_shape=(n_features,)))
model.add(Dense(1000, activation="relu’, kernel
initializer="he_normal’,
kernel regularizer=regularizers.12(0.01)))
#Oynryus akmusayuu - softmax
model.add(Dense(10, activation="softmax’))
#Coopra moodenu
model.compile(optimizer=‘adam’, loss= ‘sparse_
categorical_crossentropy’,
metrics=[‘accuracy’])
#Aemomamuyeckas 0cmanosKa u COXpanerue Mooeu npu
00CMUIICEHUU HAUTLYYUUX
# napamempog 6 npoyecce o6yueHus.
callbacks = [EarlyStopping(monitor="“accuracy”,
patience=45, mode=‘max’),
ModelCheckpoint(filepath="“best model.h5”,
monitor=“accuracy”’,
save_best only=True)]
#3anyck obyuenus u mpeHuposKu Mooeiu
model fit(X train, y_train, epochs=1000, batch_
size=32000, verbose=0),
callbacks=callbacks, validation_data=(X test,

y_test))

[TpuBeneM HONy4YeHHbIE PE3YIbTaThl IS «IHTPOITHIA-
HOrO» 00ydJaromero Habopa:

Tounocmob mooenu:
0.55
Bpems obyuenus u mpenuposxu.

] - Os 96ms/step
Ipeockazannviil kracc:
(class =2)

Ha puc. 1 nmokazano rpaduueckoe mpeacTaBiIeHue OT-
YyeTa 0 KauecTBe padOoThl HEHPOCETEBOI MOJIEIIH C «IHTPO-
MUHHBIMY 00y4aroIMM U TeCcTOBbIM Habopamu. [Ipu sTom
OIIEHKA TOYHOCTH BBIUUCIISETCS KAK OTHOILIEHNUE CyMMBI
MPaBUIIBHO-TIONIOKUTENBHBIX U ITPAaBUIbHO-OTPULIATEIBHBIX
IIPOrHO30B K 00IIeMy KOJIMYECTBY IPOTrHO30B. JlaHHOE
OTHOIIIEHHE Ha rpauKe MPeJCTaBICHO B BUIE JPOOHOIO
gycla, MpuHUMaromiero 3Hadenue ot 0 mo 1 (ock opau-
Hart, puc. 1, b). OTMeTHM, YTO OIICHKA TOUHOCTH MOJICIH
BBIMOJTHSCTCS KaK Uil 00yJaroIux HabopoB (B mporecce
00yueHHMs1), TaK U JUISl TECTOBBIX (IIPOBEPOYHBIX) HAOOPOB.
B nociietHeM cirydae roBOpsIT O MPOLEALype TECTUPOBAHUS
WM BaJIUJIaliK. BeIaucienie OTHOIIEHHS KOJMYIeCTBa He-
MIPaBUIIBHBIX TPOTHO30B K 00IIEMY KOJIMYECTBY TIPOTHO30B,
yMHO)KeHHO€ Ha 100 mo3BoJisieT OLeHUBATh MOTEPIO WU
OIIHMOKY TTPY MTPOTHO3UPOBAHUH, POPMHPYSI TAKAM 00pa3omM
(hyHKIHIO TOTEph (0Ch OpAMHAT, puc. |, ). B anmmos3bu-
HBIX MCTOYHHKaX (DYHKIHIO OTeph 0003HAYAIOT HA Ipa-
¢ukax xak Error Loss nim npocto Error. ITpu aTom Hamo
HUMCTH B BUAY, YTO YMCHBUICHUE NTOTEPh C YBCINUYCHUEM
KOJIMYECTBA AIIOX NPH 00y4eHUH (TPEHUPOBKE) TOBOPHT O
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Puc. 1. Pe3ynbTatsl 47151 «3HTpONUITHOTo» o0yyatomiero Habopa: GpyHKIUH OTeph Ha 00y4aroleM U TeCTOBOM Habopax (a);
(YHKIIMH OLIEHOK TOYHOCTH JJIsl 00y9aroUIero U TeCTOBOrO HabopoB (b)

Fig. 1. Results for the entropy-based training set: error loss trend on the training and test sets (a); accuracy estimation trend for
training and test sets (b)
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Puc. 2. Pe3ynpTarsl A7l «4aCTOTHOTO» 00ydaromiero Habopa: (GyHKIUHU TOTEph Ha 00ydJaroIieM 1 TeCTOBOM Habopax (a);
(YHKIIH OLIEHOK TOYHOCTH JJIs1 00Y9aIoLIero u TeCTOBOTO HaOopoB (b)

Fig. 2. Results for the frequency-based training set: error loss trend on the training and test sets (a); accuracy estimation trend for
training and test sets (b)

XOpOILIei JUHAMUKE Tpoliecca 00yUeHHsI, KOTOPbIH MOYXKHO
MIPOJIOJIKATH JI0 T€X MOp, MoKa rpaguk QYHKIUH TOTEPh
He CTaHeT MapajulesieH ocu adcuucc. JluHaMuka, oka-
3bIBAIONIAs] yMEHBIICHUE 3HAYCHUH (DYHKIMU [OTEPh TPU
TECTHPOBAHUH (BaJIHUIALNH), XapaKTEPHU3yeT CIIOCOOHOCTh
MOJIEJH K «0000IICHUIO» HOBBIX JaHHBIX.

PaccmoTpuM pesyisrarhl paboThl HEHPOHHO ceTH Mpu
paboTe ¢ «4acTOTHBIM» 00y4aroiuM Habopom. Ha puc. 2
MOKa3aHo rpadIecKoe MPECTABICHHE 0TIYeTa O Ka4eCTBE
paboTHI HEHPOCETH.

Tounocmo modenu:
0.5
Bpems 06yuenust u mpenuposiu:

] - Os 73ms/step
Ilpeockazannulii knacc:

B PE3YIBTATE BBINNOJIHEHHOI'O BBIYUCIIUTCIIBHOTO OKC-
MEepPUMEHTa, MOXKHO CKa3aTh, YTO MPHU 00yUYEHUU MOJIENEi
UCIIOJIb30BaHBI OJIMHAKOBBIE TI0 00bEeMY BHIOOPKH JIaHHBIX,
TOJIyYEHHBIE Ha OCHOBaHUH MH(Pa3BYKOBOIO MOHUTOPHHTA
B KosmuecTBe 20 3HAYSHHH [T KayKJIOTO U3 TIATH 3aJaHHBIX
KJIacCOB. B urore mMeros ciay4aifHBIX JIECOB Ha «IHTPO-
NUHHOM» o0yuaroieil BeIOopke Habpasl TouHOCTh 45 %.
HckyccTBeHnast HelipoHHast CETh MPH TOHKUX HACTPOMKax
TUIEepHIapaMeTpoB MOIydHJIa TOYHOCTh B HHTEPBAJE OT
51 mo 58 %. Jlns cpaBHEHUs SKCIIEPUMEHT ObLI IIOBTOPEH
JUTS «9aCTOTHOM» oOydatorel Beoopku. [1o pesynsraram
00yueHHUs1, TOUHOCTh METO/[a CIIy4alHBIX JIECOB COCTaBHIIA
51 %, a HelipoHHAs CeTh IMOKa3aja TAKNE Ke Pe3yIbTaThl —
ot 51 1o 58 %.

3akaouenune

(class=2) Pesynprarel IpoBEIEHHOTO BBIYMCIUTEIBHOTO JKCIIE-
pUMEHTa TOBOPST O TOM, YTO BbI60p TNPU3HAKOB METOJIOM
1 62 Hay4HO-TexH14eckunii BECTHUK MHPOPMALMOHHBLIX TEXHONIOMMIA, MEXaHMKN 1 onTukn, 2024, Tom 24, N2 1
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N.H. ®ponos, H.I. KyopsBsues, B.tO. CadoHosa, [.B. KyanH

NIePEeCTaHOBOYHOW SHTPONUHU padOTaeT, HO 00BEM CaMoii
BBIOOpKH JUIst 00y4aroero Habopa CTOUT CYIECTBEHHO
YBEIMYUBATh, TOCKOJIBbKY 110 MEpe yBEIHMUCHHs 00ydaro-
mero Habopa JaHHBIX MOBBIMIACTCS TOYHOCTH 00y9YaeMOoit
MOJISITH TIPH PACIIO3HABAHHH.

Kpome Toro, pesyinbrarsl 3KCIEPUMEHTa MO3BOJISIOT
OTMETHUTb, YTO NPH MPAKTHYECKH OJNHAKOBOM KayeCTBE
pacro3HaBaHUs «IHTPOIMUHBIX» U «4aCTOTHBIX» Kiac-
cUpUIUPYEeMBIX HAOOPOB, 0COOCHHO AJIT HEHPOCETEBOM

Jluteparypa

1. Sandheep P., Vineeth S., Poulose M., Subha D.P. Performance
analysis of deep learning CNN in classification of depression EEG
signals // Proc. of the TENCON 2019 — 2019 IEEE Region 10
Conference (TENCON). 2019. P. 1339—1344. https://doi.org/10.1109/
TENCON.2019.8929254

2. Heyden M. Classification of EEG data using machine learning
techniques: Master’s thesis. Department of Automatic Control, Lund
University, 2016.

3. Guerrero M.C., Parada J.S., Espitia H.E. EEG signal analysis using
classification techniques: Logistic regression, artificial neural
networks, support vector machines, and convolutional neural
networks // Heliyon. 2021. V. 7. N 6. P. e07258. https://doi.
org/10.1016/j.heliyon.2021.e07258

4. Siddharth T., Tripathy R., Pachori R. Discrimination of focal and
non-focal seizures from EEG signals using sliding mode singular
spectrum analysis / IEEE Sensors Journal. 2019. V. 19. N 24.
P. 12286-12296. https://doi.org/10.1109/JSEN.2019.2939908

5. Sharma R., Sircar P., Pachori R.B. A new technique for classification
of focal and nonfocal EEG signals using higher-order spectra //
Journal of Mechanics in Medicine and Biology. 2019. V. 19. N 1.
P. 1940010. https://doi.org/10.1142/S0219519419400104

6. Narayan Y. SEMG signal classification using KNN classifier with FD
and TFD features // Materials Today: Proceedings. 2021. V. 37. Part 2.
P. 3219-3225. https://doi.org/10.1016/j.matpr.2020.09.089

7. Shi Y., Davaslioglu K., Sagduyu Y.E., Headley W.C., Fowler M.,
Green G. Deep learning for RF signal classification in unknown and
dynamic spectrum environments // Proc. of the 2019 IEEE
International Symposium on Dynamic Spectrum Access Networks
(DySPAN). 2019. P. 1-10. https://doi.org/10.1109/
DySPAN.2019.8935684

8. Shaker A.M., Tantawi M., Shedeed H.A., Tolba M.F. Generalization
of convolutional neural networks for ECG classification using
generative adversarial networks // IEEE Access. 2020. V. 8. P. 35592~
35605. https://doi.org/10.1109/ACCESS.2020.2974712

9. Donmez H., Ozkurt N. Emotion classification from EEG signals in
convolutional neural networks // Proc. of the 2019 Innovations in
Intelligent Systems and Applications Conference (ASYU). 2019.
P. 1-6. https://doi.org/10.1109/ASYU48272.2019.8946364

10. Kysun JI.A., Craunenko JL.I., Anucumos I1.H., Cmupnoa M.M.
IIprMeHeHNe METOI0B MAIIMHHOTO 00y4YeHHUs IS KlacCH(pUKaIuK
AKYCTHYECKHX CHTHAJIOB 110 CIICKTPAJIbHBIM XapaKTepPUCTUKAM //
Wzsectus CIIGIDTY JIDTHU. 2021. Ne 3. C. 48-54.

11. Wu Y., Zhang J., Chen X., Zou S., Yang M. Research on the
recognition of infrasound signal of nuclear explosion by SVM and
CNN // IOP Conference Series: Earth and Environmental Science.
2020. V. 610. P. 012010. https://doi.org/10.1088/1755-
1315/610/1/012010

12. Traversaro F., Redelico F.O., Risk M.R., Frery A.C., Rosso O.A.
Bandt-Pompe symbolization dynamics for time series with tied
values: A data-driven approach / Chaos. 2018. V. 28. N 7. P. 075502.
https://doi.org/10.1063/1.5022021

13. KoncrantunoB A.B., Jlemtaes B.C. [Togroroska npu3HakoBOro
MPOCTPAHCTBA HEMPOCETEBOI MOJIENH JUIsl KiacCu(pUKaIMu ceicMo-
axycTuueckux coobltuii cucremsl PROGNOZ-ADS // 5-s1 koHdepen-
uust MexJyHapoJHOl HayuHOUM mikoasl akajgemuka PAH K.H.
Tpy6erkoro «IIpoGaeMsl i MEPCIEKTUBEI KOMIICKCHOTO OCBOCHHMS 1
COXpaHEeHHs 3eMHBIX Henpy», 14—18 Hostopst 2022, Mocksa. M.:
WITKOH PAH, 2022. C. 108-112.

14. Jiao S., Geng B., Li Y., Zhang Q., Wang Q. Fluctuation-based reverse
dispersion entropy and its applications to signal classification //

MOJIEIIH, UCTIIOIB30BAHNE «IHTPOIUITHOTr0» T0/AX0/1a T10-
3BOJISIET Pean30BaTh 0oliee MPOCTYIO, a CIIEA0BATENbHO,
n Oosiee H3PPEKTUBHYIO BBIYUCIUTEIBHYIO ITPOLEAYpPY Ha
JTare MpeaABapUTEIbHON TTOITOTOBKHU JIAHHBIX.

B nanpHeiinieM miaHupyeTcst IPOBECTH HCCIESI0BaHHE
PaboTOCHOCOOHOCTH «IHTPONHUITHOIO» MOIX0a TPH pea-
JU3AIMA TTPOTHOZUPYIOMNX KIacCH(UKATOPOB IS OOIb-
IIET0 YHCIIa KJIACCOB PACIIO3HABAEMBIX CUTHAJIOB C YUETOM
HOBBIILIECHUS Ka4eCTBA PACIIO3HABAHUS.

References

1. Sandheep P., Vineeth S., Poulose M., Subha D.P. Performance
analysis of deep learning CNN in classification of depression EEG
signals. Proc. of the TENCON 2019 — 2019 IEEE Region 10
Conference (TENCON), 2019, pp. 1339-1344. https://doi.
org/10.1109/TENCON.2019.8929254

2. Heyden M. Classification of EEG data using machine learning
techniques. Master’s thesis. Department of Automatic Control, Lund
University, 2016.

3. Guerrero M.C., Parada J.S., Espitia H.E. EEG signal analysis using
classification techniques: Logistic regression, artificial neural
networks, support vector machines, and convolutional neural
networks. Heliyon, 2021, vol. 7, no. 6, pp. e07258. https://doi.
org/10.1016/j.heliyon.2021.e07258

4. Siddharth T., Tripathy R., Pachori R. Discrimination of focal and
non-focal seizures from EEG signals using sliding mode singular
spectrum analysis. /EEE Sensors Journal, 2019, vol. 19, no. 24,
pp. 12286-12296. https://doi.org/10.1109/JSEN.2019.2939908

5. Sharma R., Sircar P., Pachori R.B. A new technique for classification
of focal and nonfocal EEG signals using higher-order spectra. Journal
of Mechanics in Medicine and Biology, 2019, vol. 19, no. 1,
pp- 1940010. https://doi.org/10.1142/S0219519419400104

6. Narayan Y. SEMG signal classification using KNN classifier with FD
and TFD features. Materials Today: Proceedings, 2021, vol. 37,
part 2, pp. 3219-3225. https://doi.org/10.1016/j.matpr.2020.09.089

7. Shi Y., Davaslioglu K., Sagduyu Y.E., Headley W.C., Fowler M.,
Green G. Deep learning for RF signal classification in unknown and
dynamic spectrum environments. Proc. of the 2019 IEEE
International Symposium on Dynamic Spectrum Access Networks
(DySPAN), 2019, pp. 1-10. https://doi.org/10.1109/
DySPAN.2019.8935684

8. Shaker A.M., Tantawi M., Shedeed H.A., Tolba M.F. Generalization
of convolutional neural networks for ECG classification using
generative adversarial network. IEEE Access, 2020, vol. 8, pp. 35592—
35605. https://doi.org/10.1109/ACCESS.2020.2974712

9. Donmez H., Ozkurt N. Emotion classification from EEG signals in
convolutional neural networks. Proc. of the 2019 Innovations in
Intelligent Systems and Applications Conference (ASYU), 2019,
pp. 1-6. https://doi.org/10.1109/ASYU48272.2019.8946364

10. Kuzin D.A., Statsenko L.G., Anisimov P.N., Smirnova M.M.
Applying machine learning methods to acoustic signal classification
using spectrum characteristics. Proceedings of Saint Petersburg
Electrotechnical University, 2021, no. 3, pp. 48-54. (in Russian)

11. Wu Y., Zhang J., Chen X., Zou S., Yang M. Research on the
recognition of infrasound signal of nuclear explosion by SVM and
CNN. IOP Conference Series: Earth and Environmental Science,
2020, vol. 610, pp. 012010. https://doi.org/10.1088/1755-
1315/610/1/012010

12. Traversaro F., Redelico F.O., Risk M.R., Frery A.C., Rosso O.A.
Bandt-Pompe symbolization dynamics for time series with tied
values: A data-driven approach. Chaos, 2018, vol. 28, no. 7,
pp- 075502. https://doi.org/10.1063/1.5022021

13. Konstantinov A.V., Leshtaev V.S. Preparing the feature space of a
neural network model for the classification of seismoacoustic events
of the PROGNOZ-ADS system. Proc. of the 5t conference of the
International Scientific School of Academician K.N. Trubetskoy from
the Russian Academy of Sciences “Problems and prospects for the
integrated development and conservation of the earth interior”.
Moscow, IPKON RAS, 2022, pp. 108—112. (in Russian)

14. Jiao S., Geng B., Li Y., Zhang Q., Wang Q. Fluctuation-based reverse
dispersion entropy and its applications to signal classification. Applied

Hay4HO-TexHU4eCcKnii BECTHUK MHDOPMALMOHHbLIX TEXHOOMMIA, MEXaHUKN 1 onTukn, 2024, Tom 24, N2 1
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2024, vol. 24, no 1

163


https://doi.org/10.1109/TENCON.2019.8929254
https://doi.org/10.1109/TENCON.2019.8929254
https://doi.org/10.1016/j.heliyon.2021.e07258
https://doi.org/10.1016/j.heliyon.2021.e07258
https://doi.org/10.1109/JSEN.2019.2939908
https://doi.org/10.1142/S0219519419400104
https://doi.org/10.1016/j.matpr.2020.09.089
https://doi.org/10.1109/DySPAN.2019.8935684
https://doi.org/10.1109/DySPAN.2019.8935684
https://doi.org/10.1109/ACCESS.2020.2974712
https://doi.org/10.1109/ASYU48272.2019.8946364
https://doi.org/10.1088/1755-1315/610/1/012010
https://doi.org/10.1088/1755-1315/610/1/012010
https://doi.org/10.1063/1.5022021
https://doi.org/10.1109/TENCON.2019.8929254
https://doi.org/10.1109/TENCON.2019.8929254
https://doi.org/10.1016/j.heliyon.2021.e07258
https://doi.org/10.1016/j.heliyon.2021.e07258
https://doi.org/10.1109/JSEN.2019.2939908
https://doi.org/10.1142/S0219519419400104
https://doi.org/10.1016/j.matpr.2020.09.089
https://doi.org/10.1109/DySPAN.2019.8935684
https://doi.org/10.1109/DySPAN.2019.8935684
https://doi.org/10.1109/ACCESS.2020.2974712
https://doi.org/10.1109/ASYU48272.2019.8946364
https://doi.org/10.1088/1755-1315/610/1/012010
https://doi.org/10.1088/1755-1315/610/1/012010
https://doi.org/10.1063/1.5022021

Vicnonb3oBaHne TEXHONOrni MaLIMHHOIO O6y‘-|eHl/I9| npu peweHnn sagaiun KJ'IaCCVId)VIKaLI,VII/I CUrHazoB MOHUTOPWHIA...

Applied Acoustics. 2021. V. 175. P. 107857. https://doi.org/10.1016/j.
apacoust.2020.107857

15. Kyzuenos M.A. MeToxsl U alTOPUTMBI MAIIMHHOTO OOY4eHHUS IS
1pesoOpaboTKH 1 KIaccH(BUKALMK ClIab0CTPYKTYPUPOBAHHBIX TEK-
CTOBBIX JaHHBIX B HAYYHBIX PCKOMCH/ATCIBHBIX CHCTEMAX: AUCCEp-
Talus Ha CONCKAHUE YUEeHOH CTEIeH! KaH11aTa TeXHNIECKUX HayK.
M.: MUDU, 2019. 127 c.

ABTOpBI

®posos UBan HukosaeBu4 — HHXKEHEp-NporpaMMmuct, ['opHo-
Anraiickuii rocynapcTBeHHblil yHuBepcuret, I'opHo-Anraiick, 649000,
Poccuiickas ®eneparus, https://orcid.org/0000-0001-9176-6965, xfin@,
bk.ru

KynpsiBues Hukonaii I'eoprueBudy — KaHIMJaT TEXHUYECKUX HayK,
cTaplUil HayuyHbIH COTPYyNHUK, [OpHO-AnTaiickuii rocy1apcTBeH-
HBII yHHBepcuTeT, [opHo-Anraiick, 649000, Poccuiickas denepanus,
s¢ 57204835030, https://orcid.org/0000-0003-1327-5188, ngkudr@mail.ru
Cadonona Bapsapa IOpbeBna — accucrent, [opHo-Anraiickuii ro-
CyIapCTBEHHBIH yHuUBepcuteT, [opHo-AnTaiick, 649000, Poccuiickas
Deneparus, s¢ 57222578674, https://orcid.org/0000-0002-8043-4014,
safonova_varvara@mail.ru

Kyaun JImutpuii BraguMupoBuy — KaHAMIAT TEXHHYECKUX HaAyK,
CTapINii HayuHbIH COTPYIHHUK, [ eodusnueckuii neHTp Poccuiickoii aka-
Jiemun Hayk, MockBa, 119296, Poccuiickas @eneparus, s¢ 56025952800,
https://orcid.org/0000-0002-9174-224X, d.kudin@gcras.ru

Cmambs nocmynuna 6 pedakyuio 01.12.2023
Ooobpena nocne peyenszuposanus 08.01.2024
Ipunsma x nevamu 26.01.2024

QOB

Acoustics, 2021, vol. 175, pp. 107857. https://doi.org/10.1016/j.
apacoust.2020.107857

15. Kuznetcov 1.A. Machine learning methods and algorithms for
preprocessing and classification of semi-structured text data in
scientific recommendation systems. Dissertation for the degree of
candidate of technical sciences. Moscow, MEPhI, 2019, 127 p. (in
Russian)

Authors

Ivan N. Frolov — Software Engineer, Gorno-Altaisk State University
(GASU), Gorno-Altaisk, 649000, Russian Federation, https://orcid.
org/0000-0001-9176-6965, xfin@bk.ru

Nikolai G. Kudryavtsev — PhD, Senior Researcher, Gorno-Altaisk
State University (GASU), Gorno-Altaisk, 649000, Russian Federation,
s¢ 57204835030, https://orcid.org/0000-0003-1327-5188, ngkudr@mail.ru

Varvara Yu. Safonova — Assistant, Gorno-Altaisk State University
(GASU), Gorno-Altaisk, 649000, Russian Federation, s¢ 57222578674,
https://orcid.org/0000-0002-8043-4014, safonova_varvara@mail.ru

Dmitry V. Kudin — PhD, Senior Researcher, Geophysical Center of
The Russian Academy of Sciences (GCRAS), Moscow, 119296, Russian
Federation, s¢ 56025952800, https://orcid.org/0000-0002-9174-224X,
d.kudin@gcras.ru

Received 01.12.2023
Approved after reviewing 08.01.2024
Accepted 26.01.2024

Pa6oTta gocTynHa no nmueH3um
Creative Commons
«Attribution-NonCommercial»

164

Hay4HO-TexH14eckunii BECTHUK MHPOPMALMOHHBLIX TEXHONIOMMIA, MEXaHMKN 1 onTukn, 2024, Tom 24, N2 1
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2024, vol. 24, no 1


https://doi.org/10.1016/j.apacoust.2020.107857
https://doi.org/10.1016/j.apacoust.2020.107857
https://orcid.org/0000-0001-9176-6965
mailto:xfin@bk.ru
mailto:xfin@bk.ru
https://orcid.org/0000-0003-1327-5188
mailto:ngkudr@mail.ru
https://orcid.org/0000-0002-8043-4014
mailto:safonova_varvara@mail.ru
https://orcid.org/0000-0002-9174-224X
mailto:d.kudin@gcras.ru
https://doi.org/10.1016/j.apacoust.2020.107857
https://doi.org/10.1016/j.apacoust.2020.107857
https://orcid.org/0000-0001-9176-6965
https://orcid.org/0000-0001-9176-6965
mailto:xfin@bk.ru
https://orcid.org/0000-0003-1327-5188
mailto:ngkudr@mail.ru
https://orcid.org/0000-0002-8043-4014
mailto:safonova_varvara@mail.ru
https://orcid.org/0000-0002-9174-224X
mailto:d.kudin@gcras.ru

