MIHICTEPCTBO OCBITH I HAYKU YKPAIHU
HALIIOHAJIbHUW TEXHIYHUU YHIBEPCUTET YKPAITHU

«KNUIBCHKUM TTOJIITEXHIYHUU IHCTUTY T
IMEHI ITOPS CIKOPCBKOI' Oy

MIHICTEPCTBO OCBITH I HAYKU YKPAIHU
HALIIOHAJIbHUW TEXHIYHUU YHIBEPCUTET YKPAITHU

«KNUIBCHKUM ITOJIITEXHIYHUU ITHCTUTY T
IMEHI ITOPS CIKOPCBKOI' Oy

KBanidikamiiina HaykoBa
npats Ha MpaBax pyKOIUCY
OJIEKCI APTYP OJIETOBUY

VJIK 004.96
JIMCEPTAIIS

METOAU TA ITPOI'PAMHI 3ACOBH AHAJII3Y AKYCTHUYHUX
CUTHAJIIB HA OCHOBI HEUPOMEPEXEBUX MOJEJIEN

121 — TmxeHepis mporpamMHOro 3ade3neyeHHs

12 — Indopmariitai TexXHOJIOT 1]

[Tomaerbest Ha 300yTTS HAYKOBOTO CTYIICHS
nokTopa ¢imocodii

Jlucepraliist MICTUTh pe3yJbTaTH BIACHUX JOCHIKEHb. BUKOpuCTaHHS i7eH,
PEe3YIBTATIB 1 TEKCTIB IHIIUX aBTOPIB MAIOTh MOCHJIAHHS Ha BIJMIOBIIHE JKEPEIIO

A.O. Onekciit

HaykoBi1 kepi1BHUKH:

BEPJIAHb Aunnpiii AnatomniiioBudy,
JIOKTOP TeXHIYHUX HaAyK, Ipodecop
BAPABA IBan AHJIpi1OBHUY,
KaHIUaT TEXHIYHUX HAYyK

KUIB — 2025



AHOTALIS

Onekciit A. O. MeTtou Ta IporpaMHi 3aco0M aHalli3y aKyCTUYHUX CUTHAJIIB
Ha OCHOBI HellpoMmepexxeBux Moaenet — KBamigikaiiiina HaykoBa mparis Ha mpaBax

pYyKOIHUCY.

JHucepTanis Ha 3100yTTS HayKOBOTO CTYIEHS JOKTOpa ¢irocodii 3 ramysi
3HaHb 12 [HdopmariitHi TexHo0r1i 3a cnenianbHicTio 121 [H)eHepis mporpaMHOro
3a0e3nedeHHs. — HarionanbHuil TexHIYHUN yHiBepcuTeT YKpainu «KuiBchbkuid

noJiirexHiyHui 1HCTUTYT iMeH1 Iropst Cikopebkoro», Kuis, 2025.

Huceprariiina poboTa TmpUCBIYEHA PO3POOIl HAYKOBO-METOAUYHOTO
amapary aHajidy aKyCTMYHHUX CHTHAJiB BOJHOTO CEPEIOBHINA HAa OCHOBI

HEUPOHHUX MEPEK.

Mertoro aucepTaiiiHoi poOOTH € MiJBHINEHHS TOYHOCTI Kiacudikarlii ta

1BUILICHHS TPOIYKTUBHOCTI 0OpOOKH MPU aHaITi31 aKyCTHYHUX CUTHAJIIB.

OO6'exTOM JOCIHIKEHb € MpollecH (PYHKIIIOHYBaHHS TPOTpPaMHUX 3ac00iB

00poOKH 1 aHAJI3y aKYCTUYHUX CUTHAIB.

[IpeameroM JOCHIKEHh € METOJW, aIrOPUTMH Ta MporpamMHi 3acobwu

00poOKHM Ta aHaJ3y aKyCTUYHUX CUTHAIIB.

O6poOka Ta aHaJIi3 aKyCTUYHHX JTAHUX ITJIBOTHOTO CEPEIOBHIIA € CKIIATHOIO
Ta 3aTpaTHOIO 3aJadyer0 4epe3 CKIagHI yYMOBH HAaBKOJHMIIHBOTO CEpPEOBUIIIA.
Hampuknan, cranmapTHi mnpouenypu OOpoOKH CHTHAlIiB HE BIOPAIOTHCS 3
MOCTABJICHOIO 3a/la4yeio uepe3 (aKkTOpH, Taki SK HASBHICTh YHCICHHHUX JDKEPEI
ITyMiB, HEPIBHI TPaHUIIl BOJHOTO KaHAIIy, HU3bKE CITIBBITHOIICHHS CUTHAJ/TITYM,
BeUKHU 00csr oTrpumanoi iH(opmariii Tomo. BUThIIICT KIACHYHHX METOIB
BUKOPUCTOBYIOTh CIPOIIEHI MPHUITYIIEHHS TSI 3pYYHOI MaTeMaTudHOi 0OpOoOKH,
0 HEYXWIHHO TPHU3BOAUTH 1O HEAJEKBATHUX pe3yabTaTiB. Y 3B'SI3Ky 3
BUIII€3a3HAYCHUM BUHUKAE MOTpeda B aJIbTEPHATUBHOMY MIAXOIl 10 OOpPOOKH

MIJIBOJHUX aKyCTUYHUX CUTHAIIIB, IKUM € HEUPOHHI MEPEXKI.



Bonu 31aTH1 10 acouiaTUBHOI NaM'sATi, KOJU MAaTePHU 3alaM'iTOBYIOTbCS Ta
MOPIBHIOIOTBCS 3 BXIIHUMHU JaHUMH. BOHM MOXYyTh aJanTyBaTHCS [0
HaBKOJIMIIIHBLOTO CEPEJOBUINA, PETYIIOIYM CBOI BUIbHI HapamMeTpu Ta HaBITh
3MIHIOIOYH CBOIO CTPYKTYpYy 4YHM CTpaTerito po3B’si3aHHs mpoOieM. HelponHi
Mepexi J00pe CHpaBisSItOTbCS 3 HeuiTkolo 1Hdopmariero. OTke, BOHU MalTh
OUYEBUJIHI TIEpeBaru nepex TPaJuLUiIMHUMH METOJAMH Yy Taiy3l po3Mi3HaBaHHS
oOpa3iB. HelipoHH1 Mepexi - 1le MAaCUBHO MapaleibHi Ta PO3MOoAlIeHI OOPOOHUKH.
Bonn moxyTh 3a0e3meunTH HabaraTo BHINY IIBUAKICTH OOYHCIIEHb, MAarOuu
MOTEHITIa JJI peajizailii CKIagHuX 00YUCIIeHb Y PeXXUMI peasibHOro yacy. Bonu
CTIMK1 710 300iB, OCKUIBKH CKJIQJAIOThCS 3 BEIUKOI KUIBKOCTI HEMPOHIB, KOXKEH 3
SAKUX Ma€ TePEeBaXKHO JIOKATBHUHN 3B'130K. [10ITKOKEHHS IEKITbKOX HEUPOHIB UM
iX CHHaNTHYHMX 3BSI3KIB HE TIOBUHHO CYTTEBO IOTIPIIyBaTH 3arajibHy
NPOAYKTUBHICTh. HelipoHHI Mepexi, SIK MPaBuiio, € HEMIHIMHUMU CHCTEMaMU Yepe3
Te, 10 KOXKEH HEHPOH y HEUPOHHIM MepeKi € HeJIHIMHOK OIUWHUIICI0 0OPOOKH.
Jlesiki HEHPOHH1 MepeXi € YHIBEpPCATbHUMH alpOKCUMATOpaMu B TOMY CEHCI, IO
BOHU MOXYTh allPOKCUMYBATH OY/Ib-IKUW HETIEPEPBHUM Ta HEIHIMHUN BXi1-BUX1]
3 OyIb-IKOI0 OakaHOIO TOYHICTIO. 3 IUX MPUYUH HEHUPOHHI Mepexki 0COOJIUBO

100pe CIpaBIISIOTHCS 3 PO3B'sI3aHHAM HEJIIHIMHUX 3a71a4.

VY ocraHHi poOKM HEHWPOHHI MeEpeXi YCHIIIHO BUKOPUCTOBYBAIMCS JIJIS
0o0poOKM  MIABOAHUX aKYCTHUYHMX CHTHAJIIB Yy 0araTb0X IPHUKIATHUX
3aCTOCYyBaHHSX. TakKMM YHHOM, HEUPOHHI MEPEXi € 3aI0BUTHHOIO TEXHOJIOTIEI0 /IS
noOyan0BH yHI(pIKOBAHOTO 3ac00y NIl aHami3y iH(opmallii, BAKOPUCTAHHS SKOTO
JIOTIOMOK€ JOCATTH BHCOKOi THYYKOCTI Ta €(EKTUBHOCTI, OOpOOKM BEIHUKHX

00CATIB JaHUX Ta aJanTallii 70 30BHINIHIX YMOB.

[Ipo6Gnemu aHamizy aKyCTHYHHX CHUTHAIIB BOJHOTO CEpEeNOBHINA Oyiu
po3risuyTi B poooti Buenux O'Neill J., Roberts S., Smith, J., Miller, R., Wang, X.,
Ashraf, H., Song, Y., Chen, J., Liu, J., Liu, C. Ta ykpaiHChkux BuYcHUX B. A.
[T'stakoBuua, A. M. Bacunenka, O. B. Xoruncekoro, A. I. Bepmansa, €.M.

MauycbKHii.



PoGota BukoHyBanack B pamkax jgoroBopy: Ne J[/020.01/0204.02/58/2020
Bin 23 rpyaus 2020 p. mpk KIII im. Irops Cikopcbkoro Ta IHCTUTYyTOM
Oxeanorpadiunoro IlpunanoOynyBanHs Akazaemii Hayk nposiHiii [lannyHs
(KHP) mpo BukOHaHHS HaykoBoi TeMu  “‘JlOCHiIKEHHS 1HTEIEKTyaJbHUX
KOMIT'IOTEPHUX MOJEJNe Ta aJiropuTMiB aHali3y CUTHAJIIB MOPCHKOIO

cepenoBuIna’.
OpneprkaHi pe3yabTaTH 3alPONOHOBAHOTO METO/Y MOJISITaI0Th Y HACTYITHOMY

YaockoHaseHo MeTo/I aHATI3y aKyCTUYHUX CUTHAIIB BOJIHOTO CEpe/loBUIIIa, a
came, Kiacudikalii Ha OCHOBI HEMPOHHUX MEpeX NUIAXOM 3aCTOCYBaHHS
OaraToMacmTabHOI 3rOPTKH Ta CepeaHBOTO MyJiHry a0 Heiipomepexxki CNN-SOP,
10 HaJla€ MOMJIMBICTh MIJBUIIUTH TOYHICTh Kiacudikaiii Ha 3% s gaTaceTis 3
HU3bKUM BMICTOM (hOHOBHMX IIyMiB Ta Ha 9% nJis nataceriB 3 BUCOKUM BMICTOM
(OHOBHX IITYMIB.

OTpumaB noaajblIMil PO3BUTOK METO]I MPUIYIICHHS IyMiB aKyCTUUHUX
CUTHAJIIB BOJHOTO CEpEIOBUINA 3allyMJIeHUX (OHOBUMH IIIyMaMH Ha OCHOBI
Heripomeperki UWAR GAN nuissxoMm 3MEHIIEHHS KUTBKOCTI IMapiB Ta po3Mipy
BXIJTHOTO TE€H30pa, 1[0 YMOXKJIUBIIIOE 30€PEKECHHS SKOCTI MPUIYIICHHS IIYMiB, a
came xapaktepuctuk SNR ta RMSE ouunieHoro curnany, 3SMeHIIUBIIN TPUBATICTh

TpeHyBaHHs B 10 pa3is.

Bnepiie 3ampomoHOBaHO AapXiTeKTypy NporpaMHOro 3a0e3leyeHHS
aHaIi3y aKyCTUYHUX CUTHAIIB BOJTHOTO CEPEIOBUIIA HA OCHOBI HEHPOHHHUX MEPEK,
XapaKTepHOI0 OCOOJIMBICTIO SKOI € 3aCTOCYBaHHS aJalTUBHOTO CTBOPCHHS
HEHPOMEPEKEBUX MOJIEIICH, 3aJIeKHO BiJl XapaKTEPUCTUK BXITHUX JAHUX, IO JA€

3MOTY MiJIBUIIATH TOYHICTH Ki1acuikaiii curaanis 3 GoHoBUMH rymamu Ha 2%.

3a pesynbTaTamMy TECTYBAaHHS Ha PI3HUX JaTaceTax aKyCTHYHUX CUTHAIB
BOJHOTO cepenoBuina, nmokpamnieHuit meroq CNN SOP moka3zaB kparii pe3ynbTaTH,

a caMe BUIILY TOYHICTh KJacu]ikarii.

Pe3ynbTaTl 1OCHIA)KEHHSI € BATOMUM BHECKOM Y PO3BUTKY TEOPETUYHUX Ta

IMPAaKTUYHHUX I[OCJ'IiI[)KCHH?IX aHani:;y AKyCTHUYHHUX CHUTHAJIIB BOJHOTI'O CCpCaoBUIIIA.



[lepcieKTUBHMUMM HaOpsIMKaMH MOJANbIIMX JOCHIIKEHb € MOAAJIbLIe
MOKpPAILEHHS] METOAY LIJISXOM IMIUIEMEHTALIi Ta 3aCTOCYBAaHHS HEHPOMEpex1 IS
pPO3LIMPEHHS BUOIPKM AaKyCTUYHUX CHUTHAJIIB BOJIHOIO CEPENOBHINA Ta
HelpoMepexi sl BU3HAUCHHS HANpSMKY MPUXOAY AaKyCTUYHOTO CHUTHAlY Y

BOJHOMY CE€PEIOBHUIIII.

KuarouoBi ciaoBa: iHXeHepis NPOrpaMHOI0 3a0e3NeyeHHs, MpOorpaMHUi
HelipoMepexeBuil 3aci0, iHPopMaliiiHi TEXHOJIOT1, IITYYHUI 1HTEJIEKT, MalllMHHE,
HaBYaHHS, HEMpoMepeki, aKyCTUYHI CUTHAJIU BOJIHOTO CEepe/lOBHUIIA, 3TOPTKOBI
HelpoMepexki, MyJIIHT JApPYyroro piBHS, aHali3 aKyCTUYHMX  CHUTHANIB,
OararomacmtaOHa 3ropTKa, FreHepaTUBHO-3MarajibHi MEpEexi, aITOpUTMU 00pOOKU

JIaHuX, 00poOKa CUTHAITY, aJITOPUTM.



ABSTRACT

Oleksii A. O. Methods and software tools for analyzing acoustic signals based
on neural network models— Qualification research paper in manuscript form.

Dissertation for obtaining the degree of Doctor of Philosophy in the field of
knowledge 12 — Information Technologies, specialty 121 — Software Engineering.
— National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic
Institute”, Kyiv, 2025.

This dissertation is dedicated to the development of a scientific and
methodological framework for the analysis of underwater acoustic signals using
neural networks.

The purpose of this research is to improve the classification accuracy and
increase the processing performance in the analysis of acoustic signals.

The object of research is the functioning processes of software tools for
acoustic signal processing and analysis.

The subject of research is the methods, algorithms, and software tools for
processing and analyzing acoustic signals.

The processing and analysis of acoustic data in the underwater environment
Is a complex and resource-intensive task due to the challenging environmental
conditions. Most classical methods rely on simple assumptions for convenient
mathematical processing, which leads to inadequate results. Considering this, an
alternative approach to underwater acoustic signal processing are neural networks.

Neural networks possess associative memory, allowing them to store and
compare patterns with input data. They can adapt to environmental conditions by
adjusting their free parameters and even modifying their structure or problem-
solving strategy. Neural networks effectively handle fuzzy information and thus
offer clear advantages over traditional methods in pattern recognition. Neural
networks are massively parallel and distributed processors capable of achieving
significantly higher computational speeds and performing complex calculations in

real-time. They are fault-tolerant, as they consist of numerous neurons, each with



predominantly local connections. Damage to a few neurons or their synaptic
connections should not significantly degrade overall performance. Neural networks
are typically nonlinear systems because each neuron within them is a nonlinear
processing unit. Some neural networks are universal approximators, meaning they
can approximate any continuous and nonlinear input-output function with arbitrary
precision. Due to these properties, neural networks excel in solving nonlinear
problems.

In recent years, neural networks have been successfully applied to underwater
acoustic signal processing in numerous practical applications. Thus, neural
networks serve as a promising technology for building a unified tool for information
analysis, providing high flexibility and efficiency, the ability to process large data
volumes, and adaptation to external conditions.

The problems of underwater acoustic signal analysis have been explored in
the works of scientists such as O'Neill J., Roberts S., Smith J., Miller R., Wang X.,
Ashraf H., Song Y., Chen J., Liu J., Liu C., and Ukrainian researchers V. A.
Piatakovych, A. M. Vasylenko, O. V. Khotynskyi, A. I. Verlan, and Ye. M.
Machuskyi.

This work was carried out under contract Ne J1/020.01/0204.02/58/2020,
since 23th of December 2020 between the Igor Sikorsky Kyiv Polytechnic Institute
and the Institute of Oceanographic Instrumentation of the Shandong Academy of
Sciences (China) on the scientific research project “Investigation of Intelligent
Computer Models and Algorithms for Marine Environment Signal Analysis.”

The obtained results of the proposed method include the following:

A method for analyzing acoustic signals of the water environment, namely,
classification based on neural networks, was improved by applying multiscale
convolution and mean pooling to the CNN-SOP neural network, which makes it
possible to increase the classification accuracy by 3% for datasets with low
background noise and by 9% for datasets with high background noise.

The method of noise suppression of acoustic signals of the water environment

noisy with background noise based on the UWAR GAN neural network was further



developed by reducing the number of layers and the size of the input tensor, which
makes it possible to preserve the quality of noise suppression, namely the
characteristics of SNR and RMSE of the cleaned signal, reducing the training time
by 10 times.

For the first time, an architecture of software for analyzing acoustic signals
of the water environment based on neural networks is proposed, a characteristic
feature of which is the use of adaptive creation of neural network models, depending
on the characteristics of the input data, which makes it possible to increase the
accuracy of classification of signals with background noise by 2%.

Based on testing results on various datasets of underwater acoustic signals,
the improved CNN SOP method demonstrated superior performance, specifically
achieving higher classification accuracy.

The research findings represent a significant contribution to both theoretical
and practical studies in the field of underwater acoustic signal analysis.

Future research directions include further improving the method by
implementing and applying neural networks for expanding underwater acoustic
signal datasets and developing a neural network for estimating the direction of
arrival of underwater acoustic signals.

Keywords: software engineering, neural network-based software tool,
information technology, artificial intelligence, machine, learning, neural networks,
acoustic signals of water environment, convolutional neural networks, second level
pooling, acoustic signal analysis, multiscale convolution, generative adversarial

networks, data processing algorithms, signal processing, algorithm.
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IEPEJIIK YMOBHHUX CKOPOYEHb

CNN — 3ropTkoBa HelipoHHa Mepexa

SOP — myniHr 1pyroro nopsjaky

MSC — GaraTomaciitabHa 3ropTka

SNR — crniiBBIIHOIIEHHS CUTHAILY Ta IIyMY

PSNR — nikoBe criBBiJHOIIEHHS CUTHATY Ta LIyMY
RMSE — cepeanbokBagpaTuuHa MoxuoOka

CQT — neperBopeHHs 3 nocTiitHUM Q

STFT — Bikonne nepetBopenns dyp’e

ISTFT — OGepnene BikoHHe niepeTBopeHHs Dyp’e
GAN — reneparuBHO-3MarajibHi Mepexi

VRAM — BigeonaM'ath
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BCTVII

AKTyaubHicTh podorn. OOpoOKa aKyCTUYHMX JaHUX Y MIJBOAHOMY
CEepellOBUIIl € CKJIaJHUM 3aBJAaHHSM 4Yepe3 UIyM, HU3bKE CIIBBIIHOLIECHHS
CUTHAJI/IIYM Ta BEJHUKUN oOcAr gaHux. TpaauiiiHi METOau 4acTo Hee(eKTHUBHI
yepe3 CrpolleHi npunyieHHs. HeilpoHHi Mepexxi MponoHyIOTh albTepHATUBHUM
MiAX1J, OCKUIbKM BOHU MOXYTh aIallTyBaTUCA /10 YMOB, MPAIlOBATH 3 HEYITKUMU
JAHWMHM, 3JIACHIOBATU CKJIaJHI OOYMCICHHS B peaJlbHOMY 4Yaci Ta CTIMKO
(YHKIIOHYBaTH HABITh MPU YACTKOBUX MOILIKOKEHHSX. BOHU € yHIBepcaabHUMU
arpoKCUMAaTOpaMu JJIsl pO3B'sI3aHHS HETHIMHUX 3aj1ay, 110 pOOUTH iX 17eaTbHUMHU
JUISL aHall3y MIABOJHUX aKyCTMYHUX curHaiiB. HellpoHHi mepexi 3a0e3nmeuyroTh
THYYKICTh, €(EKTUBHICTb, 00POOKY BEUKUX OOCATIB JAHUX Ta aBTOHOMHICTb, 110

pOOUTH iX ONTUMAILHUM PIIICHHSAM ISl aHaI3y iH(opMallii B IbOMY CEpeIOBHUIILI.

Ha mizicraBi mpoBeieHOTO aHalli3y BUSBICHO ICHYBAaHHS MPOTUPIY MIXK:

- BUMOTOI0 e(DeKTHBHOT OOPOOKHM Ta aHATI3y BEJIIMKOTO 00CATY OJepKyBaHOT
iH(popMallii B peaibHOMY Yaci,

- HEOOXIJIHICTIO aHaII3y JaHWX 32 YMOBHU HASBHOCTI YHMCIICHHHX JDHKEpPell
CUTHAIB 13 CHIIBHUMH TEPEIIKOIaMH 200 HU3bKUM BiIHOIICHHSIM CHUTHAJI/IITyM;

- BUMOTOIO IBUAKOT 00pOOKH OTPUMAHHX JIAHHX;

- BUCOKOIO TOYHICTIO aHami3y (kiaacudikarlii) CurHamiB.

Ili mpoTupivus nexaTh B OCHOBI HAayKOBOTO 3aBJIaHHS WIOJIO pPO3POOKU
Memooie I npoepamHux 3acobié auanizy aKyCMuyHUX CUSHANI8 B0OHO20
cepedosuwa, SAKi 0038015Mb BUAGIAMU CUSHAN YLIb0B02O 00'€Kma 3a HU3bKO2O

BIOHOWLEHHSL CUSHAT/WYM.

3B’A30K po00OTH 3 HAYKOBHMM NMPOrpamMaMu, IiaHaMu, Temamu. Pobota
BUKOHYBajlacs Ha Kadenpi iHKeHepii mporpaMHOro 3a0e3MeYHHS B EHEPreTHIll
pamkax norosopy Ne J[/020.01/0204.02/58/2020 Bix 23 rpyaus 2020 p. mixxk HTYY
KIII im. Iropst Cikopcbkoro Ta [HCTUTYTOM OKeaHorpadiuHOTO Mpuiago0 yayBaHHs

Axkanemii Hayk nposiHuii [Hlanpnyns (KHP) mono BukoHaHHS HayKOBOi TeMH
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"JloCchIKeHHs IHTEJIEKTYaJbHUX KOMIT FOTEPHUX MOJIENIEH Ta aJrOpUTMIB aHAII3y

CUTHAJIIB MOPCHKOT'O cepeoBUIIA".
Merta i 3aBIaHHA JOCTIIKEeHHS.

MeTto10 quceprauiiinoi pod0TH € MiIBUIIECHHS TOYHOCTI Kiacudikaiii Ta

M1ABULIEHHS TPOJYKTUBHOCTI 0OPOOKH MpPH aHaNi31 aKyCTUYHUX CUTHAIIB.
Jlist nocsirHEeHHST MeTH B 0YyJ10 cpOPMYJIbOBAHO TaKl HAYKOBI 3aBIaHHSI:

. pOo3poOKa apXiTEKTYpH MPOrpaMHOIo 3ac00y aHali3y aKyCTHUYHUX
CUTHAJIIB BOJHOTO CEpEJOBHINAa HA OCHOBI HEUPOHHMX MEPEK CUTHAIIB BOJHOTO
CepeIOBHIIA,

- yJIOCKOHAJICHHSI METO/IIB aHalli3y, a caMe Kiacudikaiii akyCTUYHUX

CHUTHAJIIB BOJHOTO CCPCAOBHIIA HA OCHOBI HeﬁpOHHHX MEPEK,

- HaJaHHSA TIOJAJBIIOT0 PO3BUTOKY METOJY MPUIAYIICHHS MIyMiB
aKyCTHYHUX CHTHAIIIB BOJHOTO CEPEIOBUINA, 3aIIyMJICHUX (POHOBUMU IITyMaMH Ha
OCHOBI HEPOHHHX MEPEXK;

O0'ekT nociimkeHb - mporiecd (YHKIIOHYBaHHS NPOrpaMHUX 3aco0iB

00poOKHU Ta aHAJI3y aKyCTUYHUX CUTHAIIIB.

IIpeameT pociiTzkeHb - METOM Ta MPOrpaMHi 3acobu 0OpoOKHU Ta aHATI3y

aKyCTUYHHUX CHUTHAJIIB.

MeToau 10CiIzKeHHsI: METOU CUCTEMHOT'O Ta MOPIBHSJIBHOTO aHATI3Y (17151
BU3HAYCHHS aKTYaJIbHOCTI Ta MOCTAHOBKM METH JHUCEPTAIIHHOTO JOCIITKCHHS).
Metonu anamizy Ha ocHoBi Data Science (mis mpuaymeHHs (OHOBHX IIyMIB Ta
knacudikarii). Meronu nudpoBoi oOpoOKM CUTHANIB (I CTBOPEHHS HAOOpIB

JAaHUX aKyCTUYHUX CUTHAIB).
HaykoBa HOBHU3HA 0/Iep:KaHUX Pe3YJIbTATIB MOJATA€ B HACTYITHOMY:

Y10cKoHAJIEHO METO/l aHATI3Y aKyCTHYHUX CUTHAJIIB BOJIHOTO CEPEIOBHUIIA, a
caMe kinacu@ikamii Ha OCHOBI HEWPOHHUX MEpEeX MUISIXOM 3aCTOCYBaHHS
OararomacmTabHOI 3TOPTKH Ta CEPEIHBOTO MyNiHTy A0 Helipomepexki CNN-SOP,

10 HAJa€ MOXKJIMBICTh MIABUIIUTH TOYHICTh Kiacudikailii Ha 3% nays gaTaceTiB 3
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HU3BKUM BMICTOM (DOHOBUX IIyMiB Ta Ha 9% A AaTtaceTiB 3 BUCOKUM BMICTOM
(pOHOBHX IITYMIB.

OTpumaB nogajblIMil PO3BUTOK METO] MPUIYIIEHHS IIYMIB aKyCTUYHUX
CUTHAJIIB BOJHOTO CEPElOBUIIA 3alIyMJIEHHX (OHOBUMHU IIIyMaMH Ha OCHOBI
Heipomepexxi UWAR GAN nuisixom 3MEHIIEHHS KUIBKOCTI IIApiB Ta poO3MIpy
BXIJTHOTO TEH30pPa, 110 YMOXKJIUBIIIOE 30€PEKEHHS SKOCTI MPUAYIIEHHS LIyMIB, a
came xapaktepuctuk SNR ta RMSE ouunieHoro curnany, 3SMeHIIUBILN TPUBATICTb

TpenyBaHHs B 10 pasis.

Bnepme 3anpomoHoBaHO apXiTEKTYpPy MpOrpamMHOro 3abe3neyeHHs
aHai3y aKyCTUYHUX CUTHAIIB BOJHOTO CEPEIOBUIIIA HA OCHOBI HEUPOHHUX MEPEXK,
XapaKTepHOIO OCOOJIMBICTIO fAKOI € 3aCTOCYBaHHS aJalTUBHOIO CTBOPEHHS
HEHpoOMepeKeBUX MOJIEIICH, 3aJIe)KHO BiJ] XapaKTePUCTUK BXIIHUX JaHUX, 11O J1a€

3MOTY MiJBUIIUTH TOYHICTh KJIacu]ikaiii curuanis 3 (oHOBUMHU rymamu Ha 2%.

IIpakTuyHe 3HAYeHHSI O/IEP:KAHMX Pe3YJbTATIB IOJSITa€ B MOKpPAIIECHHI
pe3yibpTaTiB  Kiacu@ikamii aKyCTUYHUX CHTHAJIB 3aBISKH  3aCTOCYBaHHIO
O6araromacmTabHOI 3TOPTKH, CEPEIHBOrO TMYJIHTY, AJalNTUBHOTO CTBOPEHHS
HEHpOMEpEe)KeBUX  Mojeled  kimacudikaTtopa, a TaKoX Yy  ITIBUIICHHI
POAYKTUBHOCTI MPUIYIICHHS [ITyMiB aKyCTUYHUX CUHAIIB 32 PAXyHOK CIIPOIICHHS
apXITEKTYpH Ta 3MEHIIICHHS PO3MIpPy BXiTHOTO TEH30pa.

BnpoBaa:keHHs1 olep:KaHUX Pe3YJIbTATIB!

PesynbTaTi gocnimpkeHb IPUMHSTI 10 BIPOBAIHKEHHS] B KOHCTPYKTOPCHKOMY
oropo «llItopm» (akt peamizamii Bim 25.03.2025 p.); B HaBYambHOMY IMpOIIECi
HarionanpHOro TexHi4HOTO yHiBepcuteTy YkKpainum «KuiBChbKUU TOMITEXHIYHHMA
iHCTUTYT iMeHi Irops Cikopcbkoro» (akt peamizamii Bim 07.04.2025 p.) npum
BHUKJIQJaHH1 TUCIUIUTIHNA «MeTo10I0T1i pO3pOOKH IHTEIEKTyaIbHIX KOMITFOTEPHUX
mporpam» i CTYACHTIB OCBITHhO-KBamidikamiiHoro piBas «bakamaBp»

cnermianbHOCTI 121 «IHXEHepis mporpaMHOTro 3a0e3MeUeHHS.

OcoOucTnii BHecok 3100yBaua. [lucepramiiina poboTa € pe3ylbTaToM

CaMOCTIMHOTO HAyKOBOI'O JIOCIIKEHHS. YCl MpEACTaBICHI HAYKOBI pe3yJbTaTH,
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BUKJIQJICHI B JIUCEpTallli, € pe3yJbTaToM IMpaii 3100yBada. byno omy0iiikoBaHO
HAayKOBI POOOTH y CHIBaBTOPCTBI, IO € Oe3mocepeiHiM BHECKOM aBTopa. Y
aucepTaliiHiii poOOTI BUKOPUCTAHI JIMIIE Ti PE3yNbTAaTH, K1 € 1HAUBIIYyalIbHUM

BHECKOM 3/100yBaya.
VY crarTsx 31 cniBaBTOpamMu 3700yBaueBl HaJIEkKaTh TaKl PE3yJIbTATH:

VY pob6ori [1] mpoBeeHO OrJIsii OCHOBHUX METOJ[IB MAIlITMHHOTO HABYaHHS Ta
OOIpyHTOBAHO INepeBard i HeOOXIAHICTh BUOOPY HEMPOHHUX MEpEX y MOPIBHSAHHI
3 IHIIMMH METOJaMHM MAIMHHOTO HaByaHHA. Takok 3po0JIeHO Orjisia pI3HHUX

Cnoco01B MPeACTABICHHS NaHUX JJI1 aHaI3y aKyCTUYHUX CUTHAIB.

VY po6oTi [2] po3riisiHyTO MeTo Kitacudikallii akyCTUHUHUX CUTHATIB BOJHOTO
cepelloBuIIa, 10 MepeadadyaB BUKOPUCTAHHS 3alpPOIIOHOBAHOTO 0araToliapoBOIo
nepcentpoHa. BiH mpoaeMOHCTpyBaB BUCOKY TOYHICTh Kilacuikarii mpu podorTi 3
AKyCTUYHHUMH CEMIUJIaMU BOJHUX IIIYMiB, III0 MalOTh 4acTOTy Auckpetu3arii 16 000

I

VY po6oti [3] 3pobsieHO Orjsa pi3HUX JaTaceTiB BOJAHOTO CEpPEIOBHIIA,
OIKMCAHO TMPOIEC CTBOPEHHS JaTaceTy aKyCTUYHUX CHTHAJIB Ta MPEIACTaBICHO

ToTIEPE/TH1 Pe3yIbTaTH MPUAYIICHHS IITyMiB.

VY poborti [4] po3MISIHYTO METOJ aHalli3y aKyCTUYHUX CUTHAIIB BOJHOTO
cepelnoBuIla Ha OCHOBI 3roptkoBoi Herpomepexki CNN-SOP, a Ttakox
0OTpyHTOBAHO HEOOX1AHICTh MMOKPAIIEHHS ITOTo MeToay. OnMcaHo BJOCKOHAJICHHS
MiAX0AYy, @ OTPMMaHy MOJENb MPOTECTOBAaHO HAa PI3HMX Jaracerax. Pe3ynbTaTu

TECTYBaHHS MOKA3aJi BUIY TOYHICTh Kiacu@ikallii y BCiX MepeBipeHUX BUIATKAX.
Y pobGoti [5] 3aificHeHO OIS PI3HUX HEHUpomepek s Kiacugikarrii
AKyCTUYHHX CHUTHAJIB BOJHOTO CEPENOBUINA Ta 3pOOJICHO MPHUIMYIIECHHS IIO0

BUOOPY MOJIETT, SIKa BIAMOBiNAa€ 3aIaHUM KPUTEPIsM.

Y poboti [6] 3p00ICHO MPHUITYIIEHHS IMOJ0 HEOOXITHOCTI 3aCTOCYBaHHS
HEHpoOMepex I PO3LIUPEHHS BUOIPKHA aKyCTHYHHX CUTHAJIIB Ta BUKOHAHO OTJISI

pOOIT, IPUCBAYCHUX IILOMY MTUTAHHIO.
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Y pobGoti [7] pO3MIAHYTO MOKJIMBICTb CTBOPEHHS HEHPOMEPEHKEBOTO
KOMIUICKCY JJIsl PO3IIUPEHHS BUOIPKU aKYCTUYHUX CUTHAJIIB BOJAHOTO CEPEIOBUIIA
Ta X NOJAJbIIOI KJIacu(iKallii.

Y pob6oti [8] 0O0rpyHTOBaHO HEOOXIMHICTH CTBOPEHHS JdaTaceTy s
TECTYBaHHS aKyCTUYHUX CHUTHAJIB BOJHOTO CEPEJOBHINA 3 JIOCTATHIM pIBHEM

(OHOBHX ITYMIB.

VY po6ori [9] 3pobieHo orisig HepoMepeKEBUX METOTIB MPUYIIICHHS IIIYMiB
y BOJIHOMY CEpPCIOBHIII Ta BU3HAYCHO ONTHMAJIBHY MOJEINb, SKa BiJIOBIIA€

3aJlaHUM KPUTEPISIM.

VY po6orti [10] onucano cTBOpEHHs JaTaceTiB aKyCTUYHUX CUTHAJIIB BOJHOTO
CepelloBUIa Ta 3alpONOHOBAHO TOKPAIIMTUA pe3yibTaTu Kiacudikamii 3a

JIOTIOMOT'OI0 HEUPOMEPEKEBOT0 METOY NMPUIYIIEHHS ITyMiB.

VY pobGoti [11] po3riasiHyTo HeWpoMepexeBUil KIacH(PIKaTop aKyCTHYHHUX
CUTHAJIIB BOJTHOTO CEpPEJIOBUINIAa HAa OCHOBI 3ropTKoBOi Herpomepexxi CNN-SOP,

3aMpONOHOBAHO Ta OOIPYHTOBAHO HOr0 BIOCKOHAJIECHHS.
Anpo0anisi pe3yJibTaTiB JUCepPTALii:

PesynbTaTt Ta  OCHOBHI TIOJIOKGHHS  POOOTHM  JOMOBigaimMCsS  Ta

00TrOBOPIOBAJIUCS Ha:

XX BceykpaiHcbka HayKoOBO-TIpakTH4YHa KoH(pepeHmis «TeopeTtnyni i
npuKIaaHl mpobremMu (i3uku, MaTeMaTHKd Ta 1HGOPMATHKW», MiKHApOIHUN
CJICKTPOHHUI HayKoBO-npakTHaHmiA xypHan Wayscience: «<kFUTUTRE OF WORK:
TECHNOLOGICAL GENERATIONAL AND SOCIAL SHIFTS», XX
MDKHApOJHA HAYKOBO-TIPAKTUYHA KOH(EPEHI[iST MOJIOAUX BUCHHX Ta CTYJCHTIB
«CydJacHi mpo0OseMu HAyKOBOTO 3a0e3nedceHHs eHepreTukn», XX| MixaapoaHa
HAyKOBO-TIPAaKTHYHA KOH(EPEHIiss Monoaux BYeHHX Ta cTyaeHTiB «CYUACHI
[TPOBJIEMU HAVYKOBOI'O 3ABE3IIEYEHHA EHEPTETHUKHW», XXIII
MixHapogHa HayKoBO-TexHiuHa kondepenuis IITYUYHUU IHTEJIEKT TA
IHTEJIEKTYAJIbHI CUCTEMUM AIlIS’2023 MixHapoaHa HayKoBa MOJIOADKHA
mkoma «CHUCTEMU TA 3ACOBU HITYYHOI'O [HTEJIEKTY», Il
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MDKHAPO/IHA HAVYKOBO-TEXHIYHA KOH®EPEHIIA «Cucremu 1
TEXHOJIOT1i 3B’sI3Ky, 1HGoOpmaTu3aiii Ta KiOepOe3meku: akTyaldbH1 NHUTaHHA 1
TEHAEHI1i pO3BUTKY», | MixkHapo/iHa HayKoBO-TIpakTUYHa KoH(pepeHuis «CydacHi
aCIEKTHU 1HXKEHEePii IPOrpaMHOro 3a0e3MeUeHHS».

Iyoaikanii. 3a maTepianamu gucepraiii onyosikoBaHo 11 po6iT, 3 skux 4 —
IIe CTAaTTl y MEePIOIUUHUX KypHaIaX, 10 BXOIATh JI0 Mepesiky (paxoBUX BUJIaHb,
3arBepkeHnXx MOH VYkpainu 3a cremianbHICTIO AucepTauii Ta 7 — myOmikamii y

Marepianax KoH(epeHIlii.
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PO311JI 1. JOCIIKEHHA YMOB, MICIIAA BUKOPUCTAHHA
METOAIB MAIIIMHHOI'O HABYAHHA B ITPOLIECI AHAJII3Y
AKYCTUYHHUX CUT'HAJIIB MOPCBKOI'O CEPEJJOBHIIIA

AHani3 TIIPOAKyCTUYHUX CHUTHAJIB € BaXJIMBOIO CKJIAJOBOIO MOPCHKOL
aKyCTHMKH, OCKUIbKM BIH 3a0e3neuye ineHTU(]iKaliio, Kiacu@ikamio Ta
JoKaizaiilo O0O0'€eKTIB y BOJHOMY CEpEJOBHINI. 3aBIaHHSA I[LOTO HAMPIMY
BKJTIOYAIOTh JTOCTIDKCHHS (DI3MYHUX XapaKTePUCTHK 3BYKOBUX XBHIIb, METOMIB 1X

aHaJIiSY Ta IPAKTUYIHOT'O 3aCTOCYBAHHA B YMOBAx piSHI/IX IIyMOBHUX CCPCAOBMUIII.

1.1. AmnHaji3 akyCTHYHHMX LIYMIiB Y MOPCHKOMY cepeI0BHIIi

HaBkonumiHii IyM B OKEaHCBKOMY CEePEIOBHII 3MIHIOETHCS 3 4acOM 4epe3
PI3HOMAaHITHI JpKepelia, 30KpeMa BiTep, 01, PyX CYJIeH 1 610JOT1YHY aKTHBHICTb.
i dhbakTopu MOXKYTh 3MIHIOBATUCS B YACOBOMY Jliara3oHi BiJl KUIBKOX XBHUJIMH 0
KiTbKOX JHIB. [loromHi 3MiHM BiI0YBarOThCS TIOCTYIIOBO, TOJII SIK Y MPUOEPEKHUX
paiioHax IIyM MOXX€ Pi3KO 3MIHIOBATHCS Yepe3 MICIIeBY aKTHBHICTh HEBEIHKHUX

CYyJIeH, OCOOJIMBO Y BUXIJIHI JIHI.

3amipu mymy B MIHMOOKOBOAHUX paiiOHAX MOKa3ylOTh HOT0 MIHIUBICTH Ha
piBHI 6 ab 13 MepiogoM BiJ KUIBKOX TOAWH 10 KUTbKOX nHIB. [llym, cnpuuanneHuit
MOPCBKHM CTaHOM, JEMOHCTPYE CXOXKY BapiaTUBHICTh, aJie 3 JOBITUMHU YaCOBUMU

cranumi [12].

PiBeHp aKyCTHYHOro IIyMy Ha MUTKOBOAJI Ha 5 nb Bummi, HDK y
rIHOOKOBOI/II 32 OJJHAKOBUX YMOB IIBHUIKOCTI BiTpY Ta yacTtoTu. [IpoTe MoxiuBi
BUIIA]IKH, KOJIM PIBEHB IIIyMY Ha BEJIMKUX TTIMOWHAX BUABISIETHCS TAKUM CaMHUM a00
HAaBITh HIDKYUM, HDK Ha MUIKOBOI/L. LIS BIAMIHHICTH 3aJCXKWUTh BiJl IO€IHAHHS
BITPO3aJIC)KHUX 1 HE3AJICKHUX BiJl BITpY KOMIOHEHTIB mymy [14]. Hanpuknan, na
HU3BKUX YacTOTax y TNIMOOKIA BOAl PIBEHb IIYMY 3MEHIIYETHCS 3 TIIMOHUHOIO,
0COOJIMBO HAa YACTOTax, CHPUYMHEHUX CcyAHaMu. HallMeHIIMi piBeHb NIyMY

CIIOCTEpIraeThCs Ha AHI OKeaHy abo0 B oro 06e3mocepeaHii 0Ju3bKOCTI.
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Boanouac, Ha BUCOKMX HacToTax, 30kpema nonan 10 xI'm, piBenp mymy
IIBUAKO 3MEHUIYETbCA Yepe3 MOIIMHAHHS 3BYKY Bojoro. lle sBuine ocoOnmBo
MOMITHE JJI TEIUIOBOTO IIyMY, SKUM BH3HAYAETHhCS BHYTPIMIHIMH IpoLEcaMu

cepenosuia [13].

Penbed okeaHChKOTO HA CYTTEBO BILUIUBAE HA PIBEHb aKYCTUYHOIO IIYMY Ta
Moro Bapiamii. [locnimkeHHsi, mpoBeaeHl nmobnuzy ['pennanmili, moxkaszanu, 010
HaBITh 3a PI3HUX NMPOQLUIIB TNIMOMH Ha BIACTaHI KUIBKOX MWJIb PIBEHb IIyMYy Ha
BEJIMKUX TTTMOMHAX 1 HU3bKUX YacTOTaX Moxke BifpizHaTucs 1o 10 n1b. batumerpis

MOJK€ K MIBUILYBATH, TaK 1 3HUKYBATH PIBEHb IIYMY.

Moppic [16] onrcaB BUmamok, KOJu BiIOUTTS 3BYKY BiJl MOPCHKOTO JIHA Ha
BEJIMKUX TIMOWMHAX MPU3BOAWIO O MIABHIIEHHA piBHA mymy Ha 5 nb. Inmm
JIOCJTIJDKEHHSI TaKOK TTOKa3au, 10 3MiHa MIBUAKOCTI 3BYKY B PI3HHUX IIapax BOJU

BILJIMBA€E HA TPOCTOPOBUMA PO3MOALT IITyMY, 30KpeMa Ha CyJTHOBUX MapiipyTtax [17].

HanpsiMok mommmpeHHst IyMy B OKE€aHi 3aJICKUTh BiJl YUCIEHHUX (aKTOPIB,
30KpeMa JpKepelt IIyMy Ta YMOB CEPeOBHINA, TAKUX SK MIBUAKICTH 3BYKY y BOJII.
[lym Bix cyneH, po3TallOBaHUX Ha TOBEPXHI a00 MoOIM3y Hel, Ma€e BHpAXKECHY
aHI30TPOINII0, OCOONMBO Ha HHU3BKHUX dacToTaX. lle o3Hadae, MmO HaMPSIMOK
NOIIUPEHHSI 3BYKOBHX XBWJIb MOXE CYTTEBO 3MIHIOBATHCS 3alie)KHO BiJ

reorpadiuHOro po3TallyBaHHS Cy/AeH Ta riaApodOHiB.

JlocmipKeHHs TToKa3aliy, 110 B peaIbHUX YMOBAX aHI30TPOIIIS IITyMY BILJTUBAE
Ha KOPEJIi0 MK TiIpodoHAMU, IO MAa€ BaXIJIMBE 3HAUYCHHS JJII MOHITOPHUHTY

IIJIBOJTHOTO aKyCTHIHOTO cepeaoBuima [16].

[IIym B ApKTHIl TOAUISIETBCA HA JIBa OCHOBHI THIIM: IITyM ITiJI TTAKOBUM
JIbOJIOM Ta IIIyM Y 30H1 KPa€eBOro Jb0A0BUKA. [lepiuii TN 3a3BHUYail Ma€ HU3bKHI
piBE€Hb, OCKUIBKH BIJICYTHIA XBWUJIBOBHH BIUIMB, a IMIyM (POPMYETHCS TEPEBAKHO

BHACTIZIOK TPIIUH JHOTY.

VY 30H1 Kpa€eBOro JIbOJOBUKA, 1€ MPUCYTHI aKTUBHI XBWJIi, CHJIBHUI BITEp 1

CYIHOILJIABCTBO, PIBEHb IIYMY CYTTEBO 3pocTtae. IlepeMilieHHs npwuiimaya 3
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JHOJI0OBUKOBOTO MIOKPUBY Y BIAKPUTUI OKEaH JI03BOJISIE CIIOCTEPIraT 3HA4YH1 3M1HU

B YACTOTHOMY CHEKTpI IIyMy, 30kpema Ha yactoTax Bix 100 I'u no 1 kI’ [12].

Ilym mnoauisieThCss HA JBa OCHOBHI TUIK: UIMPOKOCMYTOBHH 1
By3bkocMyroBui. IlInpokocMyroBi myMu OXOIUTIOIOTH BEIMKUN Alana3oH 4acToT,

TOJI1 IK By3bKOCMYTOB1 IIIYyMH KOHLUEHTPYIOTHCS HA IEBHUX YaCTOTaX.

Ockibkn 00poOKa KX BHUJIIB IIyMY MOTpeOye PI3HUX MIAXOJIB, BAXIUBO
OpaBWIbHO iX 1AeHTH(IKYBaTH sl Tojaibiioro axamizy. I[upokxocmyrosi
KOMIIOHEHTH YacTO Mal0Th MEHIIl MIKOB1 3HAYE€HHs, TOJl SK BY3bKOCMYTOBI
KOMITIOHEHTH MOXXYTb OyTH CTaOUIbHUMHU 1 ()IKCOBAHUMHU HAa TMEBHUX YaCTOTAX,

HAIPUKIIAJl, YacTOTi 00epTaHHs mpornenepa abo pe3oHaHCHUX yacToTax [14, 15].

1.2. Amnajiz Moaeseidi BUNPOMIHIOBAJIBHUX IHYMIiB HAABOAHUX i
MiIBOHUX 00'€KTIB

['BuHTOBMII 1IyM BHHHKAae uyepe3 oOepTaHHS JIoNaTed, KaBiTaiilo Ta
pe3oHaHcH1 konuBaHHA. [llym oGepTanHs nonaTeil CpUuMHEHUN 3MIHOIO TATH ITiJ
gac iIXHbOTO MPOXOJKCHHS Yepe3 HEPIBHOCTI MOTOKY, 10 TMPOSBISIETHCS Y BUTIISAII
rapMOHIYHOTO psAny 4dactoT. Kapiramis, sika BUHUKA€E 3a BHUCOKHUX IIBHIKOCTEH
MOTOKY, MPHU3BOJUTH JO YTBOPEHHS Ta30BUX Oynb0aIiok, M0 BUKIHUKAIOTh
IMITYJIBCHUM TIIyM IIMPOKOCMYTOBOTro Xapakrtepy. Llel Tum mrymy momiHye Ha
BHCOKHX YaCTOTaX 1 4acTO BU3HAYA€E 3arajbHUN PIBEHb IIYMY ISl TTOBEPXHEBHUX
cyneH [15].

MamuHHuil 1myMm, SKAW BUHUKA€E BIJl YCIX PYyXOMHUX 4YacTHH CYJHa,
CIIPUYMHEHUN 3BOPOTHO-TIOCTYATFHUMU PyXaMH JIeTajel, BHOyXaMH B IIJTIHPaX
TU3ENbHUX JIBUTYHIB Ta B3a€MOJi€l0 jomareid TypOiH. Lleit mym moxe Oytu sk
BY3bKOCMYTOBUM, TaK 1 IMAPOKOCMYTOBUM, 3aJIE)KHO BIJl XapakTepy JKepena.
Hanpuknan, TypOyneHTHICTb y TIApaBIIYHUX CHUCTEMax 1 Hacocax 3a3BUYai
CTBOPIOE MIMPOKOCMYTOBUW IIyM, TOJA1 AK MEPiOJUYHI BUOYXU B JIBUTYHAX—

BY3bKOCMYTOBHI [12].
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JUist TOYHUX OLIHOK piBHA wymy Bia cyaeH Jonanen Pocc y cBoiil poOoTi
3alpONOHYBAB PIBHAHHS [JIsl PO3PaXyHKY aKyCTHYHHMX XapaKTEPUCTUK CYJEH,
30kpema s Benukoro cyaHa macoro 100 000 tonn. CymapHuil mym cynaHa
KOHILEHTPY€EThCA B HUXKHIA YaCTHHI CIEKTpa 1 3pOCTae 31 30 UTbIICHHSAM IIBUAKOCTI.
['BUHT € OCHOBHUM JI3KEpENIoM I1yMy Ha yactotax Buiie 100 ', Toai ik Ha HIKYUX

4acTOTax 3HAYHY poJib BIIIrPalOTh AU3€IbHI JBUTYHH Ta reHepatopu [15].

1.3. CraH cy4acHOro mpOrpamMHOro 3a0e3meyeHHs VISl aHAJI3y
TiAPOAKYCTHYHHUX CHCTEM

SpectraPLUS [18] — 1e moTyxHe mporpamHe 3a0e3MeyucHHs U aHali3y
CUTHAJIIB, TPU3HAYCHE TOJOBHMM YHWHOM JUISI 3arajlbHOr0 akKyCTHYHOTO Ta
BiOpalliifHOro aHamizy, siKk€ IMPOMOHYE IIHPOKUNA Halip (QYHKIIH, TakKuX SK
peecTpallis CUTHAIIB y pealbHOMY 4aci, CIEKTpaJIbHHUM aHai3 3a gornoMoroto bITd
(FFT) Ta Bisyamizamis ganux. IIporpama miATpUMYy€e HaJIalITyBaHHS YaCTOTH
JTUCKpeTH3allii Ta 3amuc JaHUX y peaIbHOMY Yaci 4epe3 CyMiCHI 3BYKOBI KapTH Ta
USB-aynionpuctpoi. Taka aganTuBHICTb pOOUTH 11 IPUAATHOO 1JI PI3HOMAHITHUX
3aCTOCYBaHb, BKIIIOYAIOYM MOHITOPUHT JOBKUUIS, MPOMHUCIOBY aKyCTUKY Ta
OlomenuyuHi qociipkeHHs. J{o 11 po3mupeHnx MOKIMBOCTEH Bi3yaltizallii HajJexXaTh
neTanbHi crektporpamu, 3D-rpadiku Tumy "Bomocmaa' Ta HalaITOBYBaHI
JUCIUTET, 10 JO3BOJISIOTH KOPUCTYBauaM JIETAIbHO CIIOCTEpIraTd Ta aHaji3zyBaTu
xapakTepuctuku curHamiB. LI dyHkmil, y moegHaHHi 3 IHCTPYMEHTaMH s
CTBOPEHHSI ~ KOPUCTYBallbkMX  (PiIbTpiB,  3aCTOCYBaHHA  CMYTOBHX 1
ITYMO3HIDKYBaTbHUX (DUTBTPIB, a TAKOXX BUMIPIOBAHHS TaKUX TMOKA3HUKIB, SK
3arajpHa rapMoHiuHa criotBopeHicTs (THD), pobaste SpectraPLUS edextnBaIM

THCTPYMEHTOM JJIS TOCHIJKEHHS CKIIAJTHUX aKyCTHYHUX JTaHUX.

SpectraPLUS po3po6neHo 3 ypaxXyBaHHSAM 3pYy4HOCTI BHKOPUCTaHHS. li
IHTYITUBHO 3pO3yMuIuil 1HTepdeiic rapaHTye, 10 HaBiTh KOPUCTyBaudi 3
OoOMEXeHUM JIOCBIIOM Yy aHali3l CUTHAIIB 3MOXYTh JIETKO MpalioBaTd 3

iHCcTpyMeHTaMu Ta (QyHkuismu. IIporpama no3BoJisie 3aiicHIOBaTH OOILIUpHE
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JIOTYBaHHS JAaHUX Ta iX BIATBOPEHHS, IO Ja€ 3MOTY 3aXOIUIIOBATH W aHaNi3yBaTU
aKyCTH4H1 JaHi 3 yacoM. KpiM TOro, cymicHICTG 13 pi3HUMH (opmaTamu (aiiiis,
takumu sk WAV, .TXT ta .CSV, mnigBuinye ii THYYKICTb, MOJETIIYIOUYH
IHTETpalilo JTaHUX Ta CHIBOPALIO 3 IHIMMU TulatGopmamu. [HIIOW TPUMITHOIO
GyHKIIIEIO € MITPUMKA CKPUITIB, sIKa J103BOJIIE aBTOMATU3yBaTH IMOBTOPIOBaHI
3aBJaHHS Ta ONTHMI3yBaTh poOOYl MPOLECH, 110 € 3HAYHOIO MEPEBAroro MiJ yac

poOOTH 3 BETUKUMH HAOOpaMH JTaHUX.

[Tonpu cBoro yHiBepcanbHICTh, SpectraPLUS mae oOmexxeHe 3acTocyBaHHs
JUTSL aHaMi3y MiIBOJHUX aKyCTUYHUX CHTHAJIB. Xoya MporpamMHe 3a0e3nedcHHs
YyJI0BO CIIPABIISETHCS 13 3aralIbHOI0 00POOKOI0 AKYCTUUHUX CUTHAJ1B, BOHO HE Ma€
crienianizoBaHuX (PyHKIH, aganToOBaHUX s aHaJI3y CHUTHAJIIB BOJHOIO
Cepe/ioBUINA, TaKuX sK Kiacu@ikaiis 3BYKIB MOPCHKHX CCaBIIiB, aHai3
HABKOJIMIITHBOTO IIYMYy YW aJITOPUTMH JIOKaji3amii Jokepes 3ByKy. Kpim Toro,
nporpamMi Opakye iHTerpaiii CydyacHMX IHCTPYMEHTIB, TaKHX SIK MaIllMHHE
HaBYaHHS, SIK1 CTAIOTh JIeAalll BaXKJIUBIIIMMU 111 BUKOHAHHS 3aBJaHb, OB’ I3aHUX
13 KJacudikalliero mymy Ta iieHTudiKaiiero JKepes. 3aleXHICTh BiJl 30BHIITHBOTO
obJyiaHaHHs, HANpUKIaj 3BYKOBHX KapT abo USB-mpuctpoiB mis 300py mgaHuX,
TaKOX MOYK€ CTBOPIOBATH TPYJHOIII B IJBOAHOMY CEpPEIOBHIII, J€ TOTPiOHI
crienianizoBadi rigpodonu. Taka 3aleKHICTh BiJl CYMICHOTO OOJaJHAaHHS MOXKE
YCKJIAIHUTHA BUKOPUCTAHHS MIPOTPaMU B MOPCHKUX YMOBaX, JIe BaXKJIMB1 KOHKPETHI1

XapaKTepUCTUKH CUTHAJIB 1 HaJaIITYBaHHs 300py TaHUX.

Xoua SpectraPLUS mnpomnoHye BHCOKOTOYHI Bi3yalizallii Ta TOTYXHi
MOXKJIMBOCTI (ibTpaIlii, BiICYTHICTh CHEIiali30BaHUX (DYHKIIN IS MOPCHKUX
JOCITIJDKeHh OOMEXye 11 IIHHICTh Uil C(HOKYCOBAHOTO ITIIBOAHOTO aHAI3y.
Hampuknan, iHCTpyMeHTH Uil TeHeparii crmekTporpaM 1 ¢iabTparlii CUTHATIB
MOXXYTh OyTH 3aCTOCOBaHi IIJIsi aHali3y MIABOJAHOTO IIyMy, MPOTE MpPOTpami He
BHCTaYa€ TIMOMHU HAJAMITYBaHb a00 crierianizalii, HeOOX1THUX JIsl 33729 aHATI3Y
AKyCTUYHWX CHUTHATIB BOJHOTO CEPENOBHUINA, TaKUX SK AaHATII3 YaCTOTHHX
J1arma3oHiB, cHenu(IyHUX IS OKpEeMHX BHJIB BOJHOI (ayHu, abo IHTErparis

MoJjienier Kiaacudikarii.
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Kpim Toro, komepuiiina miuensis SpectraPLUS moxe cratu 6ap’epom ans
aKaJieMIiYHUX a00 HeNnpuOYyTKOBUX MOCTITHUKIB 3 OOMEXEHUMHU OO KETaMU,

3HMKYIOUH ii JOCTYIHICTh y LIUX CEKTOPaX.

Y munomy, SpectraPLUS € moTykHUM I1HCTPYMEHTOM JUIsl 3arajibHOTO
aKyCTUYHOI'O aHaJII3y, MPOMOHYIOYM IIUPOKI MOKIIMBOCTI Bi3yalizallii Ta 00poOKu
nanux. OpHak 11 OOMEXEHHsS Yy BHpINIEHHI YHIKaJbHUX 3aBJaHb I1IBOJIHOL
aKyCTUKH MIJIKPECTIOITh HEOOXIAHICTh OUIBILI CIELIadi30BAHOIO MPOTrpaMHOTO
3abesneuenns. Ilnatdopma, sika moeaHye cuibHI crtoponu SpectraPLUS 13
ITLOBUMH (PYHKI[ISIMUA JJII MOPCHKUX CEpPEOBHIL, TAKUMH SIK Kiacudikailis Ha
OCHOBl MAIIMHHOTO HaBYaHHS Ta CYMICHICTh 13 MPUCTPOSIMU IS TI1ABOTHOTO
3anucy, Morjia O 3alOBHUTH KPUTHUYHY MPOTAJIMHY B Taily3l aHaji3y MiABOJIHUX
aKyCTHUYHHMX curHaimiB. Xoya SpectraPLUS moxe OyTH KOpUCHUM JJIsl 3arajibHUX
MiABOJHUX JIOCTIIKEHb, il IIUPIIMK BIUIUB y Tajdy3l MOPCHKOI OOMEXeHU
BIJICYTHICTIO 1HCTPYMEHTIB, OpPIEHTOBAHMX Ha cHeuudiyHi 3aBAaHHA, 1

aJanTUBHOCTI J10 TTOTPeO IMiIBOHUX JOCITiHKEHb.

Underwater Acoustic Signal Analysis Toolkit [19], po3po6ienuii Kipkom
breneBy monoammm, — 11e mporpamue 3ab6e3nedeHHs Ha 6a31t MATLAB, ctBopene
JUIS BUPIMICHHS crnenu@igHuX NoTped MiABOAHUX aKyCTHYHHUX JOCHiKeHb. Llei
IHCTpyMeHTapiii OyB CTBOpEeHHH y paMKax 3ycuib KoHcopuiymy Littoral Acoustic
Demonstration Center Gulf Ecological Monitoring and Modeling (LADC-GEMM)
JUIST  TABUIIEHHS €(QEeKTUBHOCTI aHami3y JaHUX y MOPCHKiA 0i10aKyCTHII.
[Iporpamue 3abe3nedeHHs cremiali3yeTbes Ha Bizyanizalii, GiisTparlii Ta aHami3i
MIBOJHUX aKyCTHYHHMX JIaHMX, 30KpeMa Ha oOpoOIli CHUTHAIIB, TaKMX SK KIIKH
MOPCBHKHUX CCaBIliB. BoHO mpu3HaueHe i poOOTH 3 BETUKUMH Ha0OpaMH JaHUX,
310paHUX y XOIi JOBrOCTPOKOBOT'O MiABOJHOTO MOHITOPHHTY, 1 IIPOTIOHYE

THCTPYMEHTH, SIKi 3HAYHO CIIPOIYIOTh PaHiIlle pydHi MPOIIECH.

Underwater Acoustic Signal Analysis Toolkit Bxirouae rtpadivnmii
inTepdeiic kopuctyBaua (GUI), sxuii 3a0esmedye AOCTymHE Ta IHTEPAKTHUBHE

cepenoBuile s AochaigHukiB. el iHTEepdeiic n103BoJsi€ 3aBaHTaXyBaTU JaHl Y
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pi3HUX (opmaTax, BKIIOYAKOYM OIHApHI Ta TEKCTOB1 (ailii, 1 BUKOHYBaTH Taki
onepauii, sIK reHepalis 4YaCOBUX PAJIB, CHEKTPOrpaM, CHEKTPAIbHOI IIUTBHOCTI
MOTYXHOCTI Ta 3acTOCYBaHHS (QUIBTPIB MJis 3HWKEHHA Iymy. Bisyamizamis
YacoBHX PsIB J1a€ 3MOTy KOpPUCTyBauaM €(QEKTMBHO HAaBITyBaTH JIaHUMH Ta
BUJIUISITH KOHKpETH1 obOisacTi iHTepecy. Ll ¢yHKIsA € 0cOOIMBO KOPUCHOIO ISt
aHami3y BOKaJli3allii MOPCBKHUX CCaBIIB, OCKUIBKM BOHA JI03BOJISIE JI€TAJIbHO
JOCJIJDKYBAaTH aKyCTW4HI mojii. ['eHepallis crnekTporpaM — 1€ OJHa KJIF0YOBa
0COOJIMBICTB, siKa 3a0e3Mnedye BUCOKOTOUYHUN aHAJI3 Yy 4acO-4YaCTOTHOMY IPOCTOPi
3a gonoMoroto STFT. IIporpamue 3a0e3neueHHs TakoXK THTETpye BEUBIIET-aHAII3
JUIsl OUTBII TOYHOTO MPEACTABICHHS YacTOT, IO 3a0e3leuye Kpally JIOKai3allio

BHCOKOYACTOTHUX CUTHAJIIB y Yaci MOPIBHSAHO 3 TPAAULIMHUMH MeTogaMu Dyp’e.

BaxuBoro mepeBaroro mporo iHCTpyMEHTaPIIO € 31aTHICTh aBTOMAaTH3yBaTH
CKJIaJlHI PO3paxyHKHM Ta TIpolecH Kartajorizamii. Hampukmam, BiH MoXe
pO3paxoByBaTH METPUKM CHUTHANIB, Taki SK IMIKOBa 4YacTOTa, IIMPUHA CMYTH
NPOIMYCKaHHS Ta XapaKTEPUCTUKHU IIUIBHOCTI CHEKTPAJbHOI MOTYXKHOCTI, SIKI €
KPUTUYHO BXJIMBUMHU TS Kinacudikaiiii BuaiB. Lli MOXIMBOCTI TOTIOBHIOIOTHCS
anropuTMaMu IS GUIBTpaIlii myMmy 4depe3 cMyrori (iIbTpU, BUKOPUCTOBYIOUH
TEeXHIKH, Taki sk (GuIsTpu baTTepBopTa, SKi NPHUTHIYYIOTH HeOa)kaHi YacTOTH,
30epiratou TpH I[BOMY CHUTHQJIM, IO I[IKaBIATH. MoayibHa apXiTeKTypa
IPOrpaMHOTo 3a0e3MedYeHHsT JI03BOJIIE I1HTETPYBAaTH HOBI I1HCTPYMEHTH, IO

JI03BOJISIE€ JOCITHUKAM aIaliTyBaTH HOTO 0 3MIHHUX aHATITHYHUX TOTPeO.

OnxanM 13 HaviBM3HauHIMKX acnektiB Underwater Acoustic Signal Analysis
Toolkit € ¥ioro crnpsMoBaHICTH Ha MiJABHINEHHS MPOTYKTHBHOCTI OCIIIKCHb.
3aBasikM aBTOMAaTH3allii 0aratbOoxX pPYYHUX 3aBlaHb, paHilIe HEOOXITHUX ISt
00pOoOKM JTaHWX, TPOTrpamMHe 3a0e3MeUeHHs] 3HAYHO CKOPOYY€ Yac, MOTPIOHUHN st
aHamizy currani. Hampukiaz, karamorizarlisi IryMiB MOPCHKHX CCaBIIiB — IPOIIEC,
KWW paHillle BUMaraB 3HaYHUX 3YCHJIb BPY4YHY, Telep MOKe OyTH BHKOHAHA 3a
KUlbKa XBUIUH. L5 e(heKTUBHICTB 3po0uiIa IHCTpyMEHTAPIN IHHUM PECYPCOM ISt
JOCHIIIHUKIB Ta OCBITHIX HIporpam, A€ HOro BUKOPUCTOBYIOTH ISl HAaBYAHHS

CTYJICHTIB aHaJII3y CUTHAJIIB.
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Ionpu cBoi mepeBaru, iHCTpyMeHTapiii Mae TeBHi oOMexeHHS. Moro
3anexHicTh Bin MATLAB sk cepenoBuiiia po3po0ku CTBOPIOE cepito3Huit 0ap’ep,
ockuibku JineH3ist MATLAB moxe OyTu mOpororw Ay JEAKUX JIOCITIIHHKIB,
0COOJIMBO B akajgeMIiyHMX a00 HenmpuOyTKOBUX opranizamisx. Kpim Toro, xoua
Underwater Acoustic Signal Analysis Toolkit € BucokoeheKTUBHUM st
KOHKPETHUX MIIBOAHUX JIOCTIIKEHb, HOTO OCHOBHA yBara 30cepe/pkeHa Ha aHai3i
CUTHAJIIB MOPCHKHMX CCaBI[IB, 1 BIH MO HE€ 3aJIOBOJBHUTU IIUPIIl MOTpeOuU
MiIBOJHOI aKyCTHUKH, HANpUKIAJ, aHajii3 JaHuX COHapiB abo 3arajibHUM
MOHITOPHUHT 11yMy. Takox, monpu iHTErpalio nepeJoBUX METOAIB Bizyasizalli Ta
dirpTparrii, mporpami 6paKye IHCTPYMEHTIB Ha OCHOB1 MAIIMHHOTO HABYAHHS JJIs
aBTOMATHYHOI KJiacudikallii Yu MpOTHO3YBaHHS, Kl CTAIOTh CTAHAAPTOM Y ranys3i

AKYCTHUYHHUX JIOCJIi)I}KCHB.

Y mimomy, Underwater Acoustic Signal Analysis Toolkit 3a6e3neuye
BUCOKOCTIEI[IaTi30BaHe PIIEHHS JUIsl aHali3y aKyCTUYHUX CUTHATIB BOJIHOTO
CepeZIOBUINA, BIAMOBINAI0OYM HA KPUTHYHI MOTPEOU B €(hEKTUBHOMY Ta TOUHOMY
aHami3i ganux. [Iporpama Big3Ha4YaeThCs ycmixaMu B 0OpoOIli CUTHAIIB MOPCHKUX
CCaBIIiB, Bi3yasizallii y 4aco-4aCTOTHOMY IMPOCTOPi Ta aBTOMATH3AIl11 KaTaaorizartii,
10 pOOUTH 11 HE3aMIHHUM 1THCTPYMEHTOM IS TOCTITHUKIB Y Iili BY3bKil rajysi.
Opnnak 1i opieHTariss Ha KOHKPETHI 3aCTOCYHKH Ta 3ajexHicTe Bim MATLAB
MOXXYTh OOMEXHWTH IIHUPIIE BIPOBAKEHHSI. MalOyTHS Bepcis IPOrpaMHOIO
3a0e3MeUeHHs, fKa THTErpye MOXKJIMBOCTI MAlIMHHOTO HAaBYaHHSA Ta MIATPUMYE
[IUPIIANA CHOEKTP MiABOJHUX aKyCTHYHHX AaHUX, MOTJa O 3pOOUTH HOTro OUIBII
VHIBEpCAIBHUM 1 MPUIATHUM [JI1 BUKOPUCTAHHA y pI3HUX Tamy3sax. Hapasi
Underwater Acoustic Signal Analysis Toolkit 3akpuBae BaxkimuBy HINIy B
TOCTIDKCHHSIX aKyCTMYHUX aHalli3iB BOJHOTO CEpPEIOBUINA, MPOTE 3POCTaoul

BUMOTH TaTy31 BKa3yIOTh Ha MOKIIUBOCTI JIJISl TIOJIAJIBIIIOTO PO3BUTKY Ta IHHOBAIIIH.

Sigview [20] — ne yniBepcanbHe mporpamHe 3a0e3leueHHs, Mpr3HavYCHE
JUTSL aHAJII3Y CUTHAJIB, SIKE MPOMOHYE MUPOKUA HA0Ip PYHKIIIN, 10 MIAXOAATH AJIs
00poOKM aKyCTMUHMX JAaHUX 3arajbHOTO IMpu3HAauYeHHs. Moro BUCOKO IIHYIOTH 3a

3py4Hull iHTEpdeEenc 1 MOXKIMBICTh MPAIIOBATH 3 PI3HUMU TUIIAMU CUTHAIIIB, 11O
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POOUTH OTO AOCTYITHUM SIK JIJIsl MOYATKIBI[IB, TaK 1 I IOCBIIYEHUX JOCIIITHUKIB.
Sigview migTpuMye Bi3yamizallil0 Ta aHajJ i3 CHUTHAJIB 3a JOIMOMOIOI TaKHX
IHCTPYMEHTIB, SIK F€Hepalis CIeKTporpaM, oOpoOKa JAaHMX y pealbHOMY 4Yaci Ta
BUKOHAHHS MaTeMAaTUYHUX OfMepalii HajJ CHUTHaJIaMd. 3aBISKH MOXKIUBOCTI
00poOJISITH JJaH1 B peajbHOMY Yacl MporpamMHe 3a0e3MeueHHs 1/1eaIbHO MAXO0IUTh
IUIA 3aCTOCYBaHb, SIKi MOTPEOYIOTh HErafHOTO 3BOPOTHOTO 3B’SI3KY, HANPHUKIA,

aHai3y B1Opalliif, aHaJ13y MOBJICHHS] Ta MOHITOPUHTY HAaBKOJHUIIIHHOTO LIYMY.

OnHi€r0 3 KIFOYOBHUX 0co0IMBOCTEH SIQVIEW € moTykHa (YHKIIiS reHepartii
CIEKTpOrpam, sika JO3BOJISIE BI3yalli3yBaTH YacCTOTHUM BMICT CHUTHAlY Yy 4aci 3
peryJlbOBaHUMH TapaMeTpaMH pO3AUIBHOT 37aTHOCTI Ta MacmrtadyBaHHsA. s
(GYHKIIOHAIBHICT € BAaXIUBOIO ISl 1AEHTH(IKAIli YacTOTHUX IIAa0JOHIB Y
CKJIaIHUX CUTHaJaX, 30KpeMa B IiJIBOJHUAX aKyCTHUHUX cepenoBuinax. [Iporpamue
3a0e3MeUeHHs] TaKoX MIATpUMY€E cTBOpeHHs 3D cmekTporpam, mo 3abe3neuye
JOJATKOBUM pPIBEHb PO3YMIHHS THMYAacOBHX 1 CHEKTPaJbHUX XapaKTEPUCTUK
aKyCTUYHUX curHaiiB. Lli Bi3yasibHI 1HCTPYMEHTH JOMOBHIOIOTHCS PO3IIMPEHUMU
OMNLIAMHU (QUIBTpALli], TAKUMH SIK CMYT'OBUH, HU3bKOYACTOTHUH Ta BUCOKOYACTOTHU M
GUIBETpH, 0 JT03BOJIIE KOPHCTYBa4aM BUJUIATH TI€BHI YacTOTHI J1ama3oHU s

JETAIBLHOTO aHaJI3Yy.

Sigview € THy4YKkdM IHCTPYMEHTOM 3aBIsAKH BOYIOBaHIM IMiATpHUMIII
CKPHITIB, 5IKa JO3BOJISE€ aBTOMATH3yBaTH MOBTOPIOBAHI 3aB/IaHHS Ta PO3LINPIOBATH
dbyHKITIOHAT TIpOrpaMHOro 3a0e3nedeHHs. L[ MOXKIMBICTh € 0COOIMBO KOPUCHOIO
JUISL TOCTIIAHUKIB, SIK1 IPAIIOIOTh 13 BEIUKUMH HA0OpaMH JTaHWX, OCKLIBKH BOHA
3MEHIIIY€E Yac 1 3yCHIIJIsl, HEOOX1IHI1 JyIsl BAKOHAHHS PYTUHHUX aHali3iB. Kpim Toro,
mporpaMHe 3a0e3leueHHs] MIATPUMY€E pi3HOMaHiTHI (opmatu dainiB, 10
3a0e3mnedye CyMICHICTh 3 IHIIMMH IHCTPYMEHTaMHU Ta TMOJETIIyE IHTETPaIiio B
icHyroui po6oui mnporecn. Moro MaTeMaTHYHHMiI iHCTpYMEHTapiii J03BOJISE
BUKOHYBaTH CKJIQJHI Omepalii HaJ CHUTHajJaMu, Taki sSK mepeTBopeHHs Dyp’e Ta
BEUBJIET-NIEPETBOPEHHS, CTATUCTUYHUIN aHAJI3 1 31JIA/I)KYBaHHS JJaHUX, 110 POOUTH

HOro MOTYKHUM IHCTPYMEHTOM JIJIs1 I€TaIbHOT XapaKTEPUCTUKHU CUTHAIIIB.
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OnHak, monpu CBOI CWIIbHI CTOPOHHU, SiQVIEW Mae TEeBHI OOMEKEHHS MpH
3aCTOCYBaHHI B NIABOJAHMX aKYCTUYHUX JOCIIDKEHHSAX. Xoya HpOrpaMHe
3a0€3MeUeHHs] YyJO0BO CHPABISETHCS 13 3araJibHUM aHaII30M CHUTHAJIB, HOMY
Opakye crelfiaidi3oBaHUX 1HCTPYMEHTIB 1 QyHKI[IH, aganTOBaHUX ISl M1JBOJHOTO
cepenoBuiia. Hanpuknasn, y HboMy HeMae BOY10BaHOT MIATPUMKH 010aKyCTUYHOTO
aHami3zy, Takoro sk kiacudikauis cnenuiyHUX 7 BUJIB 3BYKIB a00 aHami3
HABKOJIMIIIHBOTO IIYMY, IO € BaXJIMBUMU ISl MOPCHKUX AOCTKEeHb. KpiMm TorO,
BOHO HE MICTUTh MOXJIMBOCTEH MAIIMHHOIO HAaBUYaHHA, SKI JeJanl YacTile
BUKOPUCTOBYIOTBCS B aKyCTUYHUX  JIOCHUIKEHHSIX JUIsl  aBTOMATHMYHOI'O
poO3Mi3HaBaHHS 11a0JI0HIB 1 3aBaHb Kinacudikamii. i Hepoaiku 0OMexXyoTh Horo

e(hEeKTUBHICTb y BUPIIIECHHI YHIKAJIBHUX 3aBJaHb 0OPOOKH MIIBOJHUX CUTHAIIB.

[Ile omHMM OOMEKEHHSM € 3aJICKHICTh MPOTrPAaMHOTO 3a0e3TCUYCHHS Bij
30BHIIIHKOTO 00JIaIHAHHS [T 300py AaHUX. Xo4a SigView cyMiCHHUH 13 IHUPOKUM
CIIEKTPOM TIPUCTPOIB, MPOIIEC IHTETpallii Moke OyTH CKIAIHUM JUIS JOCIITHUKIB,
SKI BUKOPHUCTOBYIOTH CIICIliaJli30BaHe OOJaJHaHHSA JUIsl 3alucy MiABOJHUX
CUTHaIIB, Take sK Triapodonu. Ll 3amexHICTh MOXE CTBOPIOBATH JOJATKOBI
TPYJIHOIII B HaJAMITyBaHHI MPOTPAMHOTO 3a0€3MEUeHHs] JJII MOPCHKHX

3aCTOCYBaHb, J¢ KoHpirypariii 300py JaHUX MOKYTb 3HAYHO BIAPI3HATHUCS.

Omxe, SigVieW € MOTY)KHHM 1 THYYKHM IHCTPYMEHTOM IS 3arajibHOIO
aHaJi3y CHUTHAJIB, TPOIOHYIOUM Bpakarouui HabOlp (GyHKIIA I Bizyanizallii,
dinpTpanii Ta MaremartHuHOi 06poOKH. Moro 3pyuHuWii mW3aiiH i MOXIHBOCTI
HaJAIITYyBaHHA POOJATH MOTO IIHHUM PECYpCcOM I JOCTIHUKIB Yy PI3HHUX
rany3sax. OJHaK BIICYTHICTh CHEIliaTi30BaHUX I1HCTPYMEHTIB [JIs ITIBOJIHOI
aKyCTUKH OOMEXYy€ MHOro KOPHUCHICTb Yy MOPCBHKIM 010aKyCTHIII Ta CYMDKHHX
chepax. Xoda mporpaMmy MOKHA aJIaliTyBaTH IS ACSIKUAX T1ABOIHUX 3aCTOCYBaHb,
JOCHITHAKAM Y I1iil Tany3i, IMOBIpHO, JOBEJIETHCS JOIOBHIOBATH SIgVIEW IHITUMU
mporpamMamMu, po3poOJCHUMHU IS MOPCHKUX cepefoBuil. JIius MOBHOTO
3a/I0BOJICHHSI TMOTPe0 MiABOJAHUX aKyCTUYHUX JOCIIIKeHb MaWOyTHI Bepcii
Sigview wmormm 0 OTpHMAaTH BHWIOJAY BiJl BKJIIOYCHHS CIICHiali30BaHUX

010aKyCTUYHUX (YHKIIA 1 DIATPUMKH CY4YaCHUX TEXHIK MAIIMHHOI'O HaBYAHHS.
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[Mompu i oOMexeHHs1, SIQVIEW 3auIIaeThCs HaliiHUM 1 e(DeKTUBHUM BUOOPOM
JUIS 3aTaJIbHOTO aHali3y aKyCTUYHUX JaHHUX, BUPI3HAIOUHNCH CBOEIO THYUKICTIO Ta

MPOCTOTOIO0 Y BUKOPUCTAHHI.

DaViS Underwater Acoustic Data Visualization Software [21], po3pobiieHe
Abyssens, e creriaii3oBaHUM IHCTPYMEHTOM JUIS Bi3yallizallii Ta aHaii3y
MIABOJAHUX aKycTUYHUX AaHuX. Lle mporpamue 3a0e3neyeHHs OpIEHTOBAaHE Ha
HaJaHHS JOCIITHUKAM IHTYITUBHOI Ta 1HTEPAKTUBHOI IIaTQOPMU JJisi BUBYCHHS
CKJIAJIHMX TTi/JBOIHMX aKyCTUYHMX CepeIoBHIL. Foro ronoBHa nepesara IoJsrae y
3IaTHOCT1 MEpPEeTBOPIOBATH AKYCTHYHI CUTHAJIM Ha JeTajbHl ¥ 1H(OpMaTHBHI
Bi3yaJibHI MPEACTABJICHHS, IO JO03BOJISIE KOpPHUCTyBayaM OTPUMYBATHU TJuOIIe

PO3yMIHHS MIABOJIHUX 3BYKOBUX JIAHAIIA(TIB, pO3MOALTY ITyMY Ta CUTHAJIIB.

OnHiero 3 KIr040BUX ocobnuBocTer DaViS e #ioro po3mupeHi MOKIUBOCTI
CTBOpEHHs crekTporpaM. IIporpamue 3a0e3rnedcHHS 3a0e3leuye BHCOKOTOUHY
BI3yaJli3allil0 y 4Yaco-4acTOTHOMY IIPOCTOpi, sIKa € BaXJIMBOIO [IJIsI aHAI3y
MiBOJHUX 3BYKIB, TaKUX SK BOKaTi3ailii MOPCHKHX CCaBIIiB, ITyM KOpaOJiB i
HaBKOJMINHIA IIyM JOBKUUIS. [HTEpaKTHBHI CIEKTPOrpaMH  JO3BOJIAIOTH
KOpPUCTyBayaM MacIITa0yBaTH OKpeMi YacTOTHI Jiala30HM UM YacCOBI CErMEHTH,
o0 JeTaJIbHO JOCTipKyBaTH iHGopmMaliiro. L{g dbyHKIisS 0coO0IMBO KOpUCHA NS
inenTu(dikamii TOHKMX MMA0JOHIB Y aKyCTHYHHMX JaHWUX, HANPHUKIAJ, HasBHOCTI
010aKyCTHYHUX CHUTHaJIIB a00 BIUIUBY aHTPONOTCHHOTO IIIyMy Ha MOPCHKI
exocrcteMu. DaViS Takox miaTpuMye OaraToBHMIpHY Bi3yalli3ailifo JaHUX,
30kpema 1moOynoBy 3D-rpadikiB, 1o godae aHANITAYHOI TiMOWHU. Taki
Bi3yaui3aii J03BOJISIOTH JIOCHITHAKAM OIIHIOBATH THMYacoBi Ta IPOCTOPOBi
XapaKTepUCTUKN aKyCTUYHHX CHTHAJIB OUIBII KOMIUIEKCHO. MOKIUBICTD
HaAKJIQJaTH KUTbKA MApiB JaHWX, HAMPUKIIAJ, IHTCHCUBHICTh ITyMy Ta YaCTOTHUN
BMICT, MiJBHINYE KOPHCHICTh MPOTPAMHOTO 3a0€3MEYCHHS /I TOPIBHSHHSA Ta
KOPEJAIil pi3HUX aKyCTHUYHUX XapaKTepucTuk. Ll QyHKIis 0coOMMBO mMiHHA IS
JOCHIJIPKEHb, Y SIKUX Ba)JIMBO PO3YMITH B3a€EMOJII0 MDK PI3HUMH JIKepeaaMu
nigBogHoro mymy. e omHiero mepesaroro DaViS e 3pyunwmii iHTepdeiic, sSKui

CIIPOIIy€ TMpoIleC IMIOPTY, Bi3yalizalii Ta IHTEpHpeTalli aKyCTUUYHHX JIaHHX.
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[Iporpamue 3a6e3neueHHs po3po0JIeHe TAKUM YHHOM, 1100 33/10BOJIBHUTH OTPEeOU
KOPHUCTYBAuiB 13 PI3HUMHU PIBHSIMH JOCBIAY, pOOJSsYM HOTr0 JOCTYNHUM SIK JJIs
JIOCBiTYEHHUX TOCTiHHKIB, TaK i U1 HOBAuKiB y cdepi mixBoaHOi akycTuku. Horo
ONTHUMI30BaHI pPoOOYl TMPOLECH 3HWXKYIOTh CKJIAJHICTh OOpOOKM JaHMX,
JT03BOJISIFOUH JTOCITITHUKAM 30CEPEIUTHUCS Ha aHali31, @ HE Ha TI0/I0JaHHI TEXHIYHUX
TPYIHOIIIIB.

Onnak DaViS 31e0utbinoro 3ocepe/keHe Ha Bisyamizallii i He BKJIIOYA€E
NESKUX PO3IIUPEHUX I1HCTPYMEHTIB i OOpOOKM CHUTHAiIiB 1 aHaJITHKH,
HEOOXITHUX JUIsl BCEOIYHUX MIABOJAHUX aKyCTHYHUX JOCHIIKEHb. XO04Ya BOHO
NPOIIOHY€E BUHSTKOBI MOXKJIMBOCTI JUIS Bi3yaJIbHOTO BUBYCHHS JIAHUX, TPOTPAMHE
3abe3reueHHss He Mae PyHKIINA a1 TIM0oKoi 00poOku curHamiB, Qinbrparii ado
kimacudikamii Ha OCHOBI METOJIB MAalIMHHOTO HaB4YaHHA. [li oOMexeHHs
03HauarTh, 10 DaVIiS Oinblie MAXOAWTh SK JONOMDKHHN I1HCTPYMEHT IS
Bi3yastizallii JaHWX, HDK SK CaMOCTiiiHe DpIllIeHHS JJisg TakKuX 3aBjaaHb, SK
inenTudikaiis BUIIB, IPUAYIIEHHS IYMY YH JIOKaTi3amis jkepen. Jlociaiaaukam
4acTO JOBOJUTHCS TMOEIHYBAaTH WOTO 3 OUTBII MOTYKHUMH IUaThopMamMu s
00poOKM CUTHaIIB, MO0 OTPUMATH MOBHHMM aHaNITUUYHUA KOHBeep. Kpim Toro,
nporpaMHe 3a0e3MeyeHHs, 3/1a€ThCsl, HE MIATPUMYE aBTOMATHU3AIlil0 poOOTH 3
BEJMKUMHU Habopamu JaHUX a0o MmakeTHy oOpoOKy, 10 MOXe OyTH HETOTIKOM JIJIs
IIPOCKTIB 13 BEIMKUMH oOcsaramu iHpopmartii. BiacyTHicTh BOY10BaHOT MATPUMKH
iHTeTpaIlii BIACHUX aJTOPUTMIB a00 CKPHITIB TAKOXK MOXE OOMEXKHTH HOTO
THYYKICTh JJIS JOCHITHUKIB, SIKUM ITOTPiOHE OULIBIN ajanToBaHE PIMICHHS IS
cnenuigHUX JOCHIAHHWIIBKUX 3aBmaHb. Xowya DaViS mnpomonye BumatHi
IHCTpYMEHTH Bi3yamizailii, Horo opieHTamis Ha TpadiuHy EKCILIOPAIiio
MO3HAYAETHCS HA aHATITUYHIN TTHOWHI, 110 MOKe 00MEKyBaTH HOTO 3aCTOCYBaHHS
y OUTbII IHTEHCHBHHX 13 TOYKH 30py JaHUX YW JOCIIIHPKCHHSX, 3aCHOBAaHUX Ha

MaIlllMHHOMY HaBYaHHI.

Orxe, DaViS Underwater Acoustic Data Visualization Software ¢
BUCOKOE()EKTUBHUM 1HCTPYMEHTOM JUIsl TOCHIIKEHHS ¥ IHTepIipeTallii miIBOJHUX

aKyCTUYHHUX JaHUX 3a JIONOMOTOK IMepeoBUX METOAIB Biyanizauii. Horo
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IHTYITUBHUHN 1HTep(eiic, IHTEpAKTUBHA TEHEpalisl CHEKTporpam 1 MOKIMBOCTI
0aratoBUMIpHOI Bizyasizalii pooJsaTh HOro OE3LIHHUM PECYPCOM ISl TOCIHITHUKIB,
AK1 IParHyTh rIUOIIe 3p03yMITH N1ABOIHI 3BYyKOBI1 JaHAmadTu. IIpore BiacyTHICTH
po3mupenux GyHKIiH 00poOku, kinacudikaiii Ta aBTomMaTu3arili ooMexye Horo
KOPHUCHICTh SIK KOMILICKCHOTO aHaJITHYHOTO iHCcTpyMeHTapito. DaViS nalikpariie
MNIAXOAUTH K JOMOMIDKHE MpOrpaMHe 3a0e3MeyueHHs s Bi3yalizamli akyCTUYHHUX
JaHUX, SIKe MPALOE B TaHAEMI 3 OUIbII aHANITUYHO MOTYXHUMH IJIaThopMamH,
1100 3a0€3neYnTH MOBHOLIHHE PIIIEHHS AJIs MIBOJHUX aKyCTUYHHUX JTOCIHIJIKEHb.
Moro ponk y NMOKpaleHHi iHTeprpeTanii CKIagHuX MiIBOJHUX HAOOPIB JAHUX €
0e33anepeyHoro, ajge MaiOyTHI Bepcii MOIJIM O OTpUMAaTW BUTOAY BiJ IHTErpaiii
po3mupeHnx (QyHKIIH OOpoOKM CUTHAIIB 1 aHATITUKH, 100 3aJ0BOJIBHUTH

3pocTaroyi notpedu y cdepi MiBOIHOT aKyCTHKHU.

SignalSOFT [22] — e cnemiamizoBaHe mporpamMHe 3a0e3MeycHHs,
IPU3HAYCHE JIJIs aHaJi3y CHUTHAJIB COHApiB Ta OOPOOKH MIIBOJHUX aKyCTHUHUX
JaHUX, SKE TMPOMOHYE TMEPEeNOBl IHCTPYMEHTH, CIeIMiaJbHO aJanToBaHi s
BUPIIIEHHS 3aBlIaHb Y MiIBOAHUX CEPEIOBUIIAX. BOHO Bi3HAYAETHCS 3AATHICTIO
0o0poOJISITH JTaHl COHApIB 1 aKyCTHYHI BUMIPIOBAHHS JTOBKLLIS, IO POOUTH HOTO
0COOJIMBO MPHIATHUM ISl 3aCTOCYBaHb Y MOPCBHKUX JIOCIIIKEHHSAX, BIMCHKOBO-
MOPCBHKHX OIepallisix Ta eKoJoriunomy Mouitopuury. Ocuosna cuia SignalSOFT
noJisirae y ¢OKyci Ha IMJIBOJIHIM aKyCTHIIl Ta pO3MIKUpEeHOMY Habopi PyHKIIIH [y1st
aHamizy ¥ Bizyamizamii curHamiB coHapiB. [Iporpamne 3abe3nedeHHs 3a0e3neuye
IHCTPYMEHTH JJIsl CTBOPEHHS JI€TaJbHUX CIEKTPOTpaM, 3aCTOCYBaHHS MEPEIOBUX
(GUIBTPIB 1 BUAUICHHS OKPEMUX aKyCTHYHHX MOJIH, 10 € KPUTUYHO BAKIMBUM JIJIS

aHai3y IMiJIBOJJHOTO IIIYMY Ta IHTEPIIPETAIlii CATHAJIIB COHAPIB.

Opniero 3 kimoyoBuXx ocobimBocted SignalSOFT e #oro posmupeHi
MO>KJIMBOCTI ITYMO3ariylieHHs Ta (UIbTpalli, siki € HeOOXITHUMH B TIIBOJHUX
yMOBaX, JI€ CHTHaJud dYacTO MAcCKyIThcs (OHOBUM IIymoM. [Iporpamnue
3a0€3MeUeHHs] MIATPUMY€E HAJAlITOBYBaHI CMYroBl, BHMCOKOYAaCTOTHI Ta
HU3BKOYACTOTHI (PUIBTPH, IO JAO03BOJISIE KOPUCTYBauaM 130J0OBATH YaCTOTHI

Jiana3oHu, SIK1 iX IIKaBJIATh, 1 €(EKTUBHO 3MEHIIYBaTH 1IyMOBi nepemkoaun. Lli
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dbyHKIlT 0COOJMBO WIHHI JJis JOCIIHUKIB 1 OMNEPaTOpiB, 5Kl MPAILIOIOThH 13
CUCTEMaMHU COHapiB, OCKUIBKM BOHHU JO3BOJISIIOTH 11€HTU(IKYBAaTH Ta BUILISATH
cnaOki a0o MpUxOBaHi CUTHAIH B yMoBax mymy. Kpim toro, SignalSOFT npononye
THCTPYMEHTH JJ11 BUMIPIOBAaHHS XapaKTEPUCTUK CUTHATY, TAKUX SIK IHTEHCUBHICTD,
CHEKTPaJIbHUM PO3MOALT 1 4YacoBi MmIa0JIOHW, 3a0e3Neuyroud KOpUCTyBayam

JeTaibHy 1H(GOpMaIliio PO MiABOAHI aKYCTUYHI SIBUIIIA.

Bizyamizamiiini moxxauBocti SignalSOFT Takok € 3Ha4YHOIO IEpeBaroro.
[IporpamHe 3a0e3neyeHHs] CTBOPIOE BHCOKOTOYHI CIEKTpPOrpamMu Ta Tpadiku
YaCOBUX PSIiB, JO3BOJSIIOYM KOPUCTYBauaM i3 BHCOKOIO TOYHICTIO aHANIi3yBaTH
YaCTOTHI W YacOBi XapaKTEPHCTUKH aKyCTUYHHMX CHTHaNiB. [HTepakTUBHHI
rpadiunnii iHTEepdelic 3abe3nedyye 3pydHICTb BUKOPUCTaHHS, MPOMOHYIOYH
IHCTpYMEHTH MJI1 MacIuTa0yBaHHS, TPOKPYTKH Ta (OKYCYBaHHS Ha OKPEMHX
CerMeHTax akycTHYHuX AaHux. Lli ¢yHKIii 0cOOMMBO KOPHMCHI [JIsi 3aBliaHb,
OB’ A3aHUX 13 BMSIBIICHHAM KOPOTKOYACHUX IMOJ1H, OIIHKOK PO3MOBCIOIKEHHS
CUTHAJIy Ta Bi3yali3alli€l0 aKyCTHUYHHX XapaKTEPUCTHK IIJBOJHUX OO0’€KTIB UHU
ABMI. 3JATHICTh IPOrpaMHOro 3a0e3NeyeHHs CTBOPIOBATH JETajlbHI Ta
HaJIALITOBYBaHI BI3yaJibHI YSABJIEHHS AaKyCTUYHUX JaHMX MIJBUILye HOro

KOPHUCHICTb SIK JIJIS1 TOCJTITHUIIBKHUX, TaK 1 JJISI IPAKTUIHUX 3aBJaHb.

[Tompu cBOi cuibHI CTOpOHM, By3bKa creriamizamis SignalSOFT wHa
COHapHUX 1 EKOJIOTITYHHUX AaKYCTUYHHUX JOCIIDKCHHSIX OOMexye HOoro
VHIBEPCANBHICTh IS IIUPIIOT0 BUKOPUCTAaHHS B MIABOJHIM akycTHIl. Xoua
mporpamMHe 3a0e3neueHHsT 4YyJ0BO MIAXOAWTHh IJIsl aHaji3y CUTHAJIB COHapiB 1
myMy, oMy Opakye criemnianizoBaHuX QYHKIIH a1 010aKyCTHUHUX JOCTIIKEHbD,
TaKUX SIK THCTPYMEHTH A ifeHTU(IKAIli BOKami3aliii MOPCHKUX CCaBIiB abo
aHaITizy OioyoriyHuX 3ByKoBHX JaHamadTiB. Kpim toro, SignalSOFT ne inTerpye
Cy4aCHUX METOJIIB MAaIlTMHHOTO HABYAHHS, SIK1 CTAIOTh BCE OUTBIN BaYKJIUBUMH JIJISI
aBTOMAaTHYHOI Kiacudikaiii Ta imeHTHdIKAIIl JHKepea CUTHATIIB Y MiABOIHIN
akyctuii. BigcyTtHicTh  (QyHKIIOHaNTy MAaIIMHHOTO HaBYaHHS  3MEHIIYE
aJaNTUBHICTh MPOTPAMHOr0 3a0e3medeHHs I MEePEeIOBUX JOCIIIKEHb, Y SKUX

HeoOX1aH1 METOAN, 3aCHOBAaHI1 HA JaHUX.
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[le omuum obmexennsm SignalSOFT e #ioro By3bka cremiaiizallis, ska,
Xo4ya ¥ KOpHCHa AJi UUIbOBUX 3aCTOCYBaHb, 3HM)KYE THYUKICTb JJISl 3arajibHHUX
JOOCIIKeHb y cdepl miaBogHOI akycTuku. I[Iporpamue 3a0e3nedeHHs B IMepury
4yepry po3poOJieHe JJIsi KOPUCTYBaviB, sIK1 30CEpEIKEH1 Ha CUCTEMax COHapiB, IO
MO>K€ 3pOOUTH MOTro MEHII NMPUBAOIMBUM JJIs JOCIIAHUKIB, K1 MPALIOIOTh y chepi
010aKyCTHUKH YM IHIIMX MOPCHKHX HayK. KpiM TOro, BiACYTHICTh BIIKPUTHUX OMI[IN
JUISL HAJallITyBaHHA a00 MIATPUMKH IHTErpallii 30BHIIIHIX aJITOPUTMIB MOXKe OyTH
HEJOJIKOM JUIsl KOPUCTYBaYiB, IKUM MOTP1OEH OUIbII alallTUBHUM IHCTPYMEHT JJIs
cnienuivYHUX JOCTITHUIBKIX 3aBaaHb. Xoua SignalSOFT 3abesneuye motyxHy
(YHKIIOHAIBHICTh JI1 3aCTOCYBaHb, OPIEHTOBAHMX HA COHAapW, HOro By3bKa
CIPSIMOBAHICTh 1 00MEXKEH1 MOKIIMBOCTI HAJTAIITYBaHHS MOXYTh OOMEKYBaTH HOTO
KOPUCHICTh JJI1 JOCHTIIHUKIB, SKI IIYKAalOTh OUIBII KOMILUIEKCHE IporpamMHe

pIIICHHS.

Takum umaoM, SignalSOFT € mnOTy)XHMM 1 BHCOKOCIHEIiali30BaHUM
THCTPYMEHTOM JIJI aHaJli3y CUTHAIIB COHApIB 1 MBOJHOI aKyCTUYHOI OOpPOOKH.
HMoro posmupeni MoxiuBocTi (inpTparii ImyMmy, aeTanpHi Bisyamisamil Ta
OpI€HTAIlil HAa COHAPHY AaKyCTUKY pOOJSATH HMOro BIAMIHHUM BHOOPOM s
3aCTOCYBaHb y BIMCHKOBO-MOPCBKHX OIEpallisix, €KOJOTTYHOMY MOHITOPHUHTY Ta
JOCIIJDKEHHSIX coHapiB. OHaK HOTro By3bKa CIeliai3allis Ta BIICYTHICTh (QYHKITIH
JUIsl 610aKyCTUKHA YW MAIIMHHOTO HaBYaHHS OOMEXYIOTh MOT0 3aCTOCOBHICTH JIJIs
IIUPIIUX JOCTIIKEHB HiIBoIHOIT akycTrKU. SIgNalSOFT nalikparie miaxoauTh Jis
KOPHUCTYBauiB 13 I[UThOBUMH MOTpeOaMH B aHaIi31 COHApPiB, MPOTE OCTITHUKAM B
HIINX Taly35X, IMOBIPHO, TOBEACTHCS JIOMOBHIOBATH WOTO 1HIIUMH MPOTpamMamMu
JUTSL 33JTOBOJICHHS CBOIX CHENU(PIYHUX BUMOT. Y MIPY PO3BHUTKY JOCITIKEHb Y
chepl MABOMAHOI aKyCTHKH IHTETrpailisi MAlIMHHOTO HABYaHHS Ta PO3MIMPEHHS
VHIBEPCAIBHOCTI TPOTPAaMHOTO 3a0e3MedYeHHs] MO O 3HAYHO TMOKPAIIUTH

kopucHicTh SignalSOFT y mmpmomy criekTpi 3acTOCyBaHb.
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1.4. AmnHaji3 cy4yacHHX HAyYKOBHX MeTOMIB aHAMI3y TiApOaKyCTHYHMX
CUTHAJIIB

CratucTtuyHi Ta UMOBIPHICHI MOJEII BIAIIPAIOTh BAXXJIUBY POJb B aHali31
MIJIBOJTHUX aKyCTUYHUX CUTHAJIB Yepe3 3MIHHICTh Ta 4aCTO IIYMHICTh MOPCHKOTO
cepenoBumia. I{i Momeni cTBOpeH1 Uil OTpUMaHHS KOpUCHOI 1Hopmalii 3
KOMILJIEKCHUX HAaOOpIB AaHUX, IO JO3BOJISIE 3aCTOCOBYBATH iX Y TaKMX 3aJlayax, K
knacugikalis  CUTHANIB, JIOKami3alis JOKepel 3BYKY Ta  MOHITOPHHT

HAaBKOJIMIIIHBOT'O CCPCAOBUIIIA.

Astoperpeciiini (AR) Mozesni € OCHOBONOJIOKHUMH Y aHali31 YaCOBUX PsIAIB
1 4acTO BUKOPHUCTOBYIOTHCS JIJII MOJICTIOBAHHS IMiJIBOJIHUX aKYCTHUYHHUX CUTHAJIIB.
L1 Mmozeni BUpaXkaroTh MOTOYHE 3HAYEHHSI CUTHAJY SIK JIIHIMHY KOMOIHAIII0 HOTO
MOTIEPEIHIX 3HAYCHb 13 JI0JaBaHHAM MOXUOKHU. Takuil miaxiag eheKTUBHO OMHUCYE
YacoBY JMWHAMIKY CHTHAJIB, IO € I[IHHUM JUIA 3a7a4, SK-OT MPOTHO3YBaHHS
MalOyTHBOI MOBEJIHKM CUTHANy Ta BUSIBICHHS MIA0JIOHIB y aKyCTUYHHUX JaHUX.
Hanpuxman, AR-mMoeni mupoKo 3aCTOCOBYIOTHCS B 00pOOIIi CUTHAJIIB COHAPIB IS
NPOTHO3YBAaHHS CHEKTPAJIbHUX XapaKTEPUCTHK 3BYKOBHX XBWJIb, IO CIIPUSE
BUSIBJICHHIO Ta 1IeHTU(IKAIlIT MiABOAHUX 00’ €KTIB. Ix pocToTa Ta €EeKTUBHICTH

POOJISATH X MOMYJISIPHUM BUOOPOM JJIsE PEaIbHOTO Yacy B IiABOAHIN akycTHii [23].

IIpuxoBani mapkoBchki wmoxeni (HMM) € me oxHMM BaXIWBUM
IHCTPYMEHTOM B aHaTi31 MiABOTHUX aKycTHYHUX curHaniB. HMM — 1ie iimoBipHicHI
MoOJIeTi, K1 TepeadavyaroTh, M0 CUCTEMa MEePEeXOJAUTh MK CKIHYCHOIO KLTBKICTIO
MIPUXOBAHUX CTaHIB, KOKCH 13 SKUX IOB’S3aHUN 13 WMOBIPHICHUM PO3IOIIOM
CIIOCTEepPEKYBAaHUX AaKyCTMUHUX curHanmiB. llg xapakrepuctuka pobuts HMM
0COOJMBO TPUIAATHUMM JUIS 3aj1ad  kKiacudikarii, Takux SK igeHTH(IKAIisA
MOPCBKHX BHJIIB 3a iX BOKami3amisiMu a00 BUSBIICHHS IEBHHUX THIIB CYJCH 3a iX
aKyCTUYHHMH Tianucamu. TemmnopansHa npupoga HMM no3Bossie im BpaxoByBatu
MOCTIZOBHI ~ 3aJICKHOCTI B AaKYCTHYHUX JIaHMX, 3a0e3Meuyrodu HaaiiiHy

MPOAYKTUBHICTh HAaBITh y IIYMHUX YMoBaX. JlOCHIKEHHS JE€MOHCTPYIOThH
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epextuBHicTh HMM y knacudikaliiii BUKIMKIB MOPCHKUX CCaBIIIB 1 PO3pPI3HEHHI

010JIOTIYHHX Ta AHTPOIIOTEHHKX 3BYKIB y MiBOJHOMY cepeaoBuIi [24].

lNayciBebki 3mimani moxaem (GMM) mupoko BHKOPHUCTOBYIOTHCS IS
KJactepusanii Ta kiacudikamii B migBoaHIN akyctuui. L{i Mogeni npeacTaBisioTh
pO3MOJLT WMOBIPHOCTEM JaHMX SIK CyMIII KUIBKOX TayCiBCbKMX KOMIIOHEHTIB,
KOXKHa 3 SIKMX BIJMOBIAA€ MOTEHILIMHOMY Kiacy abo kiacrepy. Y MiABOAHOMY
cepenoBull GMM 3acTocoBylOThCS AJI1 MOACIIOBAHHS PO3MOALTY JIXKEpE IHIyMy
a60 knacu@ikallli akyCTHYHUX CUTHAJIIB Ha okpemi kareropii. Hanpuxknan, GMM
YCIIIIHO BUKOPUCTOBYIOTHCS JJIsi PO3pPI3HEHHS (POHOBUX IIYMIB 1 CHUTHAJIB,
3reHepOBAHUX MOPCHKUMU CYAHAMH 200 O10JIOTTYHUMU JKepenamMu. AJanTUBHICTD
GMM 50 3MIHHOTO aKyCTHMYHOT'O CEPEIOBMINA Ta iX 3JaTHICTh OOpOOIATH
NEPEeKPUBAIOYl PO3NMOAUIM POOJATH iX MOTY>KHUM IHCTPYMEHTOM JJIS aHaji3y

MiIBOJHUX CUTHATIB [25].

Kpim 1mux mopeneit, 6alleCiBChbKI METOIU CTJIM 3HAUYYIIUM IIIXOJOM Y
miaBOAHIA akycTuill. balieciBChbki METOIM OIIHIOBAHHS BPaXOBYIOTh IOIEPEHI
3HAHHS PO CEPEJIOBHUIIE Ta CTATHCTUYHI BJIACTMBOCTI CUTHAJIB IS 3JIHCHEHHS
MOBipHiCHUX BHCHOBKIB. Ili MeTomm 0coOJMBO KOPHMCHI I JIOKaJi3allii
aKyCTHYHHMX JDKEPEJ, JI¢ BOHM BpPAaXOBYIOTh HEBH3HAYCHOCTI B IapaMerpax
cepeqoBHINa Ta MOXUOKH BUMIpIOBaHb. balie€ciBChKi MOJIENi 3aCTOCOBYBIMCS IS
JIOKaji3aIlii Jokepesl 3BYKy B yMOBax MUIKOBOJS, JOCATAHOYM BHCOKOT TOYHOCTI

HaBITh 3a CKJIQJIHUX YMOB [26].

[Ile omHMM iHHOBAIIMHUM TIAXOJAOM € BUKOPUCTaHHS HWMOBIPHICHUX
rpadiuanx mopeneir (PGM), siki mpencTaBisiioTh CKIaJAHI B3a€EMO3B’SI3KM MIXK
3MIHHUMH 3a J0TIOMOT 010 TpadoBoi ctpykTypu. PGM 3acTOCOBYIOTHCS B TIABOIHIM
aKyCTHIIl JUTsl TAKUX 3a/1a4, SIK BUSIBJICHHSI HECITPABHOCTEH y COHAPHUX CUCTEMAX 1
MOHITOPUHT HAaBKOJMIIIHBOTO CEPEAOBHINA. MOMETIOYN 3alIeKHOCTI MK
3MIHHUMH, III MOJENI TO3BOJISIIOTH 3M1MCHIOBATH BCEOIYHUI aHai3 1 MPUHHATTS

pIllIeHb Y HeBU3HAYEHUX cepeoBuIax. JlOoCHKeHHS MIIKPECTIOITh MOTEHIIal
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PGM nns migBUIIeHHS HaAIMHOCTI Ta €(EKTHUBHOCTI MIJBOJHUX aKyCTHUYHUX

cucreM [27].

Ouibtpu KanmaHa Ta 4aCTUHKOBI (PUIBTPU € TOAATKOBUMH MMOBIPHICHUMHU
IHCTPYMEHTaMH, 10 3aCTOCOBYIOThCS B MiABOAHIN akycTuill. ®inbtpu Kanmana e
ONTUMAIBLHUMM JJISI JIIHIHHUX CHCTEM 13 TayCIBCBKMUM IIyMOM 1 IIUPOKO
BUKOPHUCTOBYIOTBCSI JJIsl BIACTEKEHHS MIABOJAHUX amapaTiB a0o OI[IHIOBaHHS
napaMmeTpiB cepeaoBuia. YacTUHKOBI (QLIbTpHU, 31 CBOrO OOKYy, PO3IIMPIOIOTH
paMku (inpTpiB KasiMaHa 10 HETIHIMHUX Ta HETayCIBCHKUX CUCTEM, 1110 POOUTH 1X
OpUJIATHUMU 71 CKJIAQJHUX MiABOAHUX cueHapiiB. Lli ¢uieTpu BigirparoTh
KJIIOYOBY POJIb y TAKUX JOJATKAX, SIK BICTEXKEHHS 1[IIed Ta MOKpaIIeHHsS CUTHAJIIB

y peaibHOMY Yaci B IIyMHHX MIiJBOAHUX cepenoBuinax [28].

MaivHHe HaBUYaHHsS - 1€ TEXHOJIOTis, B SKId MamwuHa (KOMIT'HOTEp)
BUKOPUCTOBYE JaHi JJIi aBTOMATUYHOT'O BHSBJICHHS 1 HaBiTh IMPOTHO3YBaHHS
IPUXOBAHUX XapaKTEPUCTUKH a0b0 3akoHOMIpHOCTI [29]. MainnHHe HaBYaHHS y
3a/layax aHaji3y aKyCTUYHHX CHUTHATYyp BOJHOIO CEpPEOBHINA € TMOTYXHUM
IHCTPYMEHTOM, IO Ja€ 3MOTYy OOpOOJIATH BEJIMKI MacUBH JaHUX, BUSBISTH
IIPUXOBaHI 3aKOHOMIPHOCTI Ta POOUTH IMIPOTHO3M 31 3HAYHO BUILIOIO0 TOYHICTIO, HIXK
3a JIOTIOMOTOK TpaaWIliiHuX MeroAiB. Hacammepen onudpoBani curHamm
miusiraroTh  GiTbTpamii Big IIyMy Ta TIEPETBOPEHHIO y 3pydHuUM (opmar,
HAIlpUKJIAJ Yy BHIJSAII crnekTporpaM. Jlami 3 oTpUMaHUX JaHUX BHIUISIOTH
HaliH()OpMATUBHIIII O3HAKH, SIKI TIEPEAAIOTHCSA HA BXiJ] aITOPUTMAM MAIIHHHOTO
HaBYaHHS (HEUPOHHUM MepexaMm, MeroiaMm kiacudikamii um perpecii). Ilicns
HABYaHHS Ta TECTYBaHHSA MOJEINI CTAlOTh 3/IaTHUMU BUSABISATH a00 PO3PI3HATH
cneruivHi MO/i1, TaKi K 3BYKH PI3HHX MOPCHKUX MEIIKAHIIIB, IIIyM BiJ Cy/IeH YU
MiABOAHI BHOYXHM, a TaKOX BIACTEKYBAaTH JOBrOTPUBAJII 3MIHH Yy MiIBOJHOMY
akyctuaHoMy ¢oHi. lle cyrreBo miaBuIIye €(EKTHBHICTH IOCIIIHKCHB, aJKe
3MEHIIIYE 3aTPATH Yacy W pecypciB, OJHOYACHO MOKPAITYIOYH SIKICTh T4 TOYHICTh

aHamizy.
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1.5. Oruasa MeroaiB MAIIMHHOTO HABYAHHA, IO MOXYTh OyTH
3aCTOCOBAHI JJIfl AHAJII3Y AKYCTHYHUX CUTHAJIB BOAHOI0 Cepel0BHUILA

Merton onopHux BekTopiB (SVM) — 1ie Meroa kiacudikaiii, IKuidi HaJIeKUTh
710 TPYNH T'PaHUYHUX METOJIB 1 BU3HAUAE KJIACH 3a JOMOMOTrOI0 MEX MPOCTOPIB.
OnopHUMH BEKTOpaMH € OO'€KTM MHOXHUHH, IO JIeKaTh Ha IUX MEXKax.

Knacudikanis BBaxxaeTbcsi BAAIOIO, SKIIO MPOCTIP MK MEKaMHU MOPOXKHIN.

Metoj OOpHUX BEKTOPIB — II€ TPyIa aIrOPUTMIB, 1110 3aCTOCOBYIOThCS ISt
pPO3B’sI3aHHs 3aBAaHb pErpeciiHoro aHanizy Ta kinacudikarii. BiH Hanexuts 10

aJII‘OpI/ITMiB HaBYaHHSA 3 YUUTCIICM.

XapakTepHOI0 OCOOJMBICTIO METOJly OMNOPHUX BEKTOPIB € MiHIMIi3allis
EMITIIPUYHOI MOMHJIKM KJIacu(ikaTopa Ta MaKCHUMIi3allisl MPOMDKKY MDK KJIacamH.

Takox el MeTol Ha3MBaIOTh KJIAaCU(pIKATOPOM 13 MAKCUMAJIBHUM MTPOMIDKKOM.

CyTbh MeTOy TOJIATae B MEPETBOPEHHI BXITHUX BEKTOPIB Yy MPOCTIp BHIIOT
PO3MIPHOCTI Ta MOIIYKY PO3AUILHOI TIIEPILIONIMHNA 3 MAKCUMaJIbHUM ITPOMDKKOM.
BinOyBaeThcsi 1moOymoBa JMBOX IMapajedbHUX TIMEPIUVIONIUH MO 00ujBa OOKH
TIEPIUIONIMHM, 10 PO3JUILE JOCHIKYBaH] Kiacu. Bizyanizaiiro poOoTH MeTo1y
OTIOPHUX BEKTOPiB MOKHA MoOaunTH Ha puc. 1.1.
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Puc. 1.1. Bizyanizanis poO0oTH METO Ty ONOPHUX BeKTOPiB [31].
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B sxocTi po3auibHOI rinepruiongHu Oyae oOpaHa Taka IUIOLIMHA, IO

MaKCHUMI3y€ BIACTaHb A0 MapalelbHUX TIEPIUIOLIUH.

JUist 1bOro aJIrOpUTMY NPABMIIBHUM OyJe MPUIYLIEHHA, 10 YUM Oiiblia
BIICTaHb M1 MapaJIeIbHUMU TUIOIIMHAMU, TUM MEHILOK Oy/ie cepeHs MOMMIKA
kinacudikaropa [32].

Merton OMNOpHHX BEKTOPIB HECTIMKUH 10 IIYMY Y BXIJHUX JaHUX Ta
YyTIWBUH 10 CTaHAApTU3ALll] JaHUX. SKII0 HaBYaJIbHA BUOIPKA MICTUTh aHOMAJIbHI

3HAYEHHS (BUKUIM), HOTO BUKOPUCTAHHS MOXKe OyTH HepallilOHATbHUM.

SVM nob6pe mpaiftoe 3 HETHIMHUMH 3alIe)KHOCTSIMHU O€3 IepeHaB4YaHHS,
J0CATal0YM BUCOKOT TOYHOCTI Ta y3arajJbHEHHS y 3aBAaHHAX po3mi3HaBaHHs [33].
Ile oauH i3 HAWIIBUIIIMX AJITOPUTMIB 3HAXOJKEHHS ONTUMAJIbLHUX BUPIMIATLHUX
byHKITIH.

Merton po3B’s3ye 3aady KBaJIPaTUIHOTO MPOTPAMYBaHHS Y IIPOCTOPAXx, JIie
PIIICHHS 3aBX/IH €uHe. BiH BUSBIIsS€ pO3IUIBHY IUIONTUHY MaKCUMAJIBHOT IIIMPUHH,
10 Hajadl J03BOJIsIE€ TOUHINIE KIacu(dikyBaTu 00’ €KTU. MEeTOI OMOPHUX BEKTOPIB

OyB 3acTocoBaHuil y po6oTi [34] 1 moka3zaB TOYHICTE 89,5%.

JlepeBo TNPUUHATTS pillleHb, AK€ TAKOX MOXKE Ha3UBATUCA JCPEBOM
kinacudikamii abo perpeciiHuM JepeBOM — 1€ 3aci0 MATPUMKHA TPUHHSATTS
pillieHb, 110 BHKOPUCTOBYETHCA B CTATHCTHINl Ta aHATI31 JaHUX IS MOOYJIOBH
MPOTHO3HUX Mojenel. BiH jgomomarae y po3B’s3aHHI 3aBHaHb Kiacudikarlii Ta
perpecii.

JlepeBa pUAHATTS PIICHb € TPOCTUMHU aHATITHYHUMH MOJIEIISIMHU, OCKUTBKH
mpaBWiia TEHEPYIOThCS TMPUPOIHOI0 MOBOI0. Hampukman: «Skmo pexinama
samyannia 1000 xmieHTiB, TO BOHa J00pe HamamrToBaHa». [IpaBmiia GhopMmyroThCs
[UISIXOM  y3araJibHEHHS MHOXXHHU OKPEMHX CIIOCTEPEKEHb (HAaBYATBHUX
NPUKIAQAIB), 1I0 ONHCYIOTh TMpeAMETHY oOmactb. Tomy 1X Ha3MBaKOThH

IHAYKTUBHUMU MpaBUJIaMH, a CaM MPOLEC HAaBYAHHS — IHIYKIIE€IO JEPEB PillleHb

[35].
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VY HaByalbHII MHOUHI JUIsl IPUKIIAJIB Ma€e OyTH 3a/1aHO LUTbOBE 3HAUCHHS,
TakK, K JIepeBa pillleHb — MO/IeJl, CTBOPEH1 Ha OCHOBI HaBYAHHS 3 yYUTENEM. 3a
TUIIOM I[IJIOBOT 3MIHHOT BUAUISIIOTH JIBA TUIIU AEPEB: AEPEBO Kiiacudikalii — Koau
LIJTbOBAa 3MIHHA JHMCKpPETHA Ta JEpeBO perpecii — KOJIM MUIbOBAa 3MIiHHA

Oe3rnepepBHa.

CtpykTypa epeBa NOUMHAETHCSA 3 KOPEHEBOTO BY3JIa, KM HE Ma€ KOJHUX
BXITHUX TUIOK. [JIKM, 110 BUXOASITH 3 KOPEHEBOrO BYy3Ja, MOTPAIUISIOTH 0
BHYTPILIHIX BY3JIIiB, BIJOMHUX SIK BY3JIU MPUUHATTA pimieHb. Ha OCHOBI iCHYrOUMX
O3HAaK 11 BY3JIdU BUKOHYIOTh OLIHKM 1 (DOPMYIOTH OJIHOPiIHI MiJIMHOXHUHH, SKi
NO3HAYAIOTHCS JIUCTOBUMU BY3J1aMH, IO MPEJCTABISAIOTH YCI MOXIIMBI PE3YIbTATH

HA0Opy JMaHUX.

[IpocTuii BUMaaoK: MPUKIAAN MOTPAILIAIOTEH Y BY30JI, TPOXOASITH EPEBIPKY 1

PO30MBarOTHCS HA JIBI MIIMHOKWUHH:

-HGpHHl——”ﬂ,HKi3aHOBOHBHHKHI)BCT&HOBHGHONQ/HP&BHHY;

- Ipyra — Ti, sIK1 HE 3aJI0BOJIbHSIIOTh BCTAHOBJICHOMY TPABUITY.

Jlaii 10 KO>KHOI IMiIMHOKHHU 3HOBY 3aCTOCOBYETHCS TPABUIIO, 1 IPOIEAYypa
NOBTOPIOETECA. Lle TpuBae 10 TUX Mmip, IOKW HE Oylie JOCATHYTa yMOBa 3YIMUHKU
anroputMy. OcTaHHI# BY30J1, 10 IKOTO HE 3aCTOCOBYETHCA MEpPEBipKa Ta po3OUTTH,

ctae JucToM. BigoOpakeHHs JiepeBa MPUUHSATTS PIlIeHb IPeJACTaBlIeHO Ha puc. 1.2.
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Puc. 1.2. [lepeBo npuitHATTS pimieHb [36]
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Jluct BU3HaAYae pillleHHS IJi1 KOXKHOrO BXiIHOro mpukiagy. s nepesa
KJacuikalii JUCT 03Hayae Kjac, IO aCOLIIETHCS 3 BY3JIOM, a JJI JepeBa perpecii
— MICTUTh NPOTHO3HE 3HAYEHHsS (YM IHTEpBad) LUIBOBOI 3MIHHOI. Y JHUCTKY
MICTUTBCSI HE TIPABUJIO, & MIIMHOXKUHA 00'€KTIB, SIKI BIMIOBIIaI0Th YCIM MpaBUIaM
TUIKY, IO 0 HhOTO Beje. [Ipukian morparmise q0 JUCTKA, SIKIIO BIATOBITAE BCIM
OpaBWJiaM Ha HUIAXY A0 HbOTo. /[0 KOKHOIrO JIMCTKA BEJE JIUIIE OJUH IIISAX, 10

3abe3rneyye €IHICTh po3B'sa3Ky [37].

Jlanuii MeToa € mPOCTUM 1 3pO3yMUIUM, HE MOTpeOye MIATOTOBKU BXIIHUX
JAHUX 1 HAJIa€ MOJKJIMBICTh OI[IHUTU HAJIMHICTH MOJENI 3 BUKOPUCTAHHSIM TECTIB.
[Ipu 3actocyBaHH1 /s iAeHTU(IKALIT T1IPOAKYCTHUHUX CUTHAIIB METOJ MOKa3ye
JIOCUTh BHCOKI TIOKa3HUKH IOBHOTH Ta TOYHOCTI pe3ynbTaTy. OOHaK cepen
HEJIOJIIKIB  aJITOPUTMY MOXKHA BIJHECTH CKJIAIHICTh IHTEpHpeTalii JaesKuX
kouuenTiB. llle omguuM MiHyCOM € HEOOXIAHICTH IEepEeHaBYATH MOJACNIb IPH
3HAYHOMY PO3POCTaHHI pO3MIpiB AepeBa. MeTon nepeBa NMPUUHATTS pillleHb OyB

3actocoBaHui y po0oTi [34] 1 moka3aB TOUHICTH 86.8%.

Heiipomepexa — 11e oO0uuciIoBaIbHa CUCTEMA, BIAIITOBAHA 32 MPUHIIUIIOM,
OJM3bKUM JI0 POOOTH MO3Ky TBapwHH. Heipomepeki BHKOPHUCTOBYIOTHCS IS
BUPIIIEHHS PSAAY 3a7ad, TaKuX SK PO3Mi3HABAaHHS MOBJICHHS Ta 300paKeHb.
Krnacuyna mepeka BUKOPUCTOBYE TPHILAPOBY CTPYKTYPY MPSMOTO 3B'SA3KY IS
BUPIIIICHHS 3aBJIaHb KJIacHQiKalrii.

[HpopMmarliis moTparisie B HEHPOHHY MEpEXy depe3 BXITHUI PiBEHb, SIKUN €
MEPBUHHUM 30BHIMHIM 1mapoM. KiHIeBuM piBHEM, uepe3 SKUH MPOXOIUTH
iHbOpMarlis, € BUXiTHAN piBeHb. BXiqHU Ta BUXIAHUI piBHI MOXKYTh MaTH ab0 HE
MaTH JIOJAaTKOBHUX IIapiB MK HuMH. Illapm, SIKIIO BOHU €, IO PO3TAIIOBaHI MiX
BXITHUM 1 BUXIIHUM IIapaMH, Ha3WBAIOThCA MPUXOBAHUMH mapamu. Heiponna
Mepeka BBAXKAETHCS «TITMOOKOI0» HEUPOHHOI MEPEXKEI0, SKIIO BOHA MAa€ KiJbKa
MPUXOBAaHUX TmapiB. Sk TmpaBuiao, KOXKEH HEHUPOH Oyop-IKOTO IIMapy
B3a€MOIIOB’ sI3aHUM 3 yciMa HeillpoHaMmu cyciiHixX mapiB. KoxkeH piBeHb HEMPOHHOT

MEpeXl MEepeTBOPIOE BXiAHI JaHl B OUIbII MNpPOCTy (GopMy s MOAATBIIOL

42



iHTepnpeTauii Ta kiacudikauii BMicTy. Bennka KUIbKICTb IIapiB 03HAYAE, 1[0 MOXKE
iIcHyBaTH OUIbllle NUISAXIB JJI MEepeMillleHHs 1HdopMallii 4yepe3 Mepexy, 1o
MOTEHLIHO JI03BOJISiE BUKOHYBATH JOCUTh CKJangHl 3aBaaHHs. [lpuknan

TPUILIAPOBOI APXITEKTYPH HEUPOMEPEKI MPEACTaBICHO Ha puc. 1.3.

LLlap [NprxoBaHWA Wap

Lap
BX0D OY

Puc. 1.3. Tpumaposa apxiTekTypa Heiipomepexi [38]

Y Mepexax TIMOOKOTO HaBYaHHS KOXXKEH PIBEHb BY3JIIB TPEHYETHCS 3a
OKpeMHUM HabopoM (YHKIIIM Ha OCHOBI pe3yJbTATiB IMOIMNEPEIHBOr0 piBHA. YuMm
rmobie iHdopMallis MPOXOAUTh Yepe3 MEPEKY, THM CKIQIHIII 03HAKH MOXXYTh
pO3ITi3HABATUCS BYy3JaMH, OCKUIBKM BOHHU Y3araJlbHIOIOTH (PYHKIII momepemaHix
mapiB. OIUH 13 OCHOBHHMX QJTOPUTMIB, IO BHKOPUCTOBYETHCS I HaBYAHHS
HEHpOMepexi, — II¢ aJTOPUTM 3BOPOTHOTO TMONIUPEHHS MOMMWIKHU. [7es mporo
METO/y TOJSTaE B TOMY, IO CHUTHAJI TOMMIKH TOMIUPIOETHCA BiJl BHUXOIB
HelipoMepeski 710 il BXOJIiB, TOOTO Y 3BOPOTHOMY HANPAMKY. Foro anroputm ssise
co00I0 ITEPaTUBHUHN AITOPUTM TPATIEHTHOTO CITYCKY, SIKH BUKOPUCTOBYETHCS JIJIS
MiHIMi3aIlii MOMUIKA pOOOTH HEUPOMEPEkKi MIISTXOM IMOCTIAOBHOI KOPEKIlli Bar
HelpoHiB. Ha xoxHiil iTepartii BaroBi koe(iieHTH 3MIHIOIOTHCSI TAKUM YHHOM, a0u

IMOKPAIIUTH BUKOHAHHS ITIOTOYHOI'O 3aBAaHHA

OnHak ajaropuT™M 3BOPOTHOTO MOIIMPEHHS MOMWIKKM MAa€ JBa HEIOIIKU.

[lepmmit — nponec HaBYaHHS NPOXOAUTH AYX€ MOBUIbHO. Jpyruii — HasIBHICTh
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JIOKaNbHUX MIHIMYMIB. [[pUYMHU LIOTO MOJATAIOTh Y CKJIAAHINA HEMHIMHIN QyHKIIIT
BTpaT y BaroBOMY IPOCTOPI Ta BIICYTHOCT1 ONTUMAIBHOCTI PYU BUOOPI MIBUAKOCTI
HaBYaHHS, 10 MOB'I3aHO 3 PI3HMMM BaroBUMH KoedimieHTamu. s aaropurmy
3BOPOTHOIO TMOIIUPEHHS ICHye Oararo moaudikamiil. Heliponni Mepexi Oynu

3acTocoBaHi B po06oTi [40] Ta moka3anu TOYHICTb B Mexax Big 95% no0 98%.

MoxHa 3poOUTH BUCHOBOK, 1[0 HEUPOHH1 MEPEXk1 MatOTh HU3KY MEpeBar, 1o
poONATH X JOLUIBHUM BHOOPOM JUJIsl aHajli3y aKyCTUYHUX CUTHAIIB BOJHOIO
cepenoBuilia. Bonu 3/1aTHi ampoKCUMYBATH CKJIQIH1 HEJIIH1MH1 3aJIE)KHOCTI B TaHUX,
10 € OCOOJIMBO BaXJIMBUM ]I OOPOOKH CUTHAIIB 13 IymMamu, peBepoeparlieto ta
3MIHAMM Y YaCTOTHUX KOMIIOHEHTaX. [I0piBHSIHO 3 AepeBaMu MPUIHATTS pillieHb Ta
METOJIOM ONOPHUX BEKTOPIB, HEHUPOHHI MEpeXi JEeMOHCTPYIOTh Kpally
e(eKTUBHICTh TpU poOOTI 3 BETUKUMH OaraTOBUMIpHUMU HaOOpamMu JaHUX,

THUIIOBUMM OJIA aHaHiBy CIICKTPAJIbHUX 1 YaCOBO-YaCTOTHHUX XapaKTCPUCTHUK.

Kpim TOro, BOHM Bi3HAYAIOTHCA 3IATHICTIO 10 POOOTH 3 BEJIMKUMH
obcsramu iHGopmarii. Ha BimMiHy Bil METOAY OTOPHHUX BEKTOPIB, /e MOXKJIMBA
npobiieMa TIepeHABYaHHS Ha BEIUKWX HaOOpax MaHUX, HEHPOHHI Mepexi mpu
30UTBIICHH] 00CITY JaHUX JIMIIE MOKPAIIYIOTh TOYHICTh aHAIII3Y, IO € BEIHKOIO
nepeBaror0 g OOpOOKM  TiIPOAKyCTUYHUX  CHUTHaAJiB. BuKopucTaHHS
CIeliai30BaHUX apXITEKTYp, TAKUX SK 3rOPTKOBI HEUPOHHI MEPEXi IS aHATI3y
cCrieKTporpam abo peKypeHTHI MepexKi JJIsl YaCOBUX PSJIIB, T03BOJISIE BPaXOBYBaTH

JaCOBO-YaCTOTHI 3aKOHOMIPHOCTI, IO € KJIIOYOBUMH TSI TAKUX 3a/1a4.

3aBasiki  GaraTomapoBiii  CTPYKTypi, HEHpOHHI Mepexki 3a0e3mneuyroTh
BHUCOKY CTIWKICTh JI0 3alTyMJICHUX JAHUX, TOJl SK TPAIUIINHI alTOPUTMH YacTO
JEMOHCTPYIOTh 3HWKEHHSI €()EeKTHBHOCTI B TaKMX yMOBaX. BOHU TakoX JIETKO
IHTETPYIOTHCSA 3 Cy4YaCHUMHU METOJaMH, Hampukiaj, i3 3acrocyBanHsMm CQT a6o
BUKOPHUCTAHHSIM KEMCTPAITbHUX KOE(PIII€HTIB, MO JO03BOJISIE OTPUMYBATH SAKICHIITI
O3HaKHU JJ1g Kjaacugikarii. [X moTeHITian MOCATHEHHS BUCOKOT TOYHOCTI € 3HAYHUM:
SK 3a3HAYEHO B CTATTi, BOHU JEMOHCTPYIOTh TOYHICTb 95-98%, 10 nepeuiiye

nokasankn SVM Ta nepeB NpUUHATTA pilmieHb. HeHWpoHHI Mepexi TaKox
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JO3BOJIAIOTh CTBOPIOBATH HAJAIITOBYBaHI apXITEKTypH, ONTHMI30BaHl s
cnenugiuyHux 3anad. Hanpuknan, BUKOPUCTaHHS MYJIbTHU-MAacIITAaOHUX 3rOPTOK
a00 MeXaHi3MIB yBaru J103BOJISIE aJIallTyBaTH MOJIEIb 1]l KOHKPETHI 0COOIMBOCTI
CUTHAJIIB. 3aBISKH YHIBEPCAJIBHOCTI, THYYKOCTI Ta BHMCOKIH MPOJYKTUBHOCTI,
HEHPOHHI Mepexi € HallkpaliuM BUOOPOM JJIs 3a]1a4 aHaJli3y aKyCTHUYHUX CUTHAJIIB
BOJHOTI'O CEpeloBUIIA, OCOOIMBO 32 YMOBU BHCOKOI CKJIAQJHOCTI JaHUX, BEIUKUX

o0csriB 1H(OpMaIIil Ta BUCOKUX BUMOT JI0 TOYHOCTI.

1.6. JlocaixzkeHHs1 Pi3HUX HelipoMepeKeBUX AJTOPUTMIB 3 MeTOI0
BUKOPHMCTAHHA JIA aHATI3y aKYCTHYHHUX CHTHAJIB MOPCHKOI0 cepeIoBHINA 3
YPaxXyBaHHSIM Oro 0c001MBOCTEl

3a3Bruyail HEWPOHU OpPraHi3OBaHl1 B KUIbKa IIapiB, OCOOJUBO B TIIMOOKOMY
HaBuaHHI. HeiipoHu omHOro mrapy 3'eqHaHi Jmiie 3 HEMpOHAMH Oe3MOocepeTHbO
NOTIEPETHHOT0 Ta Oe3mocepeIHbO HAacTynmHoro mapis. [llap, o orpuMye 30BHIITHI
JaH1, Ha3UBaEThCs BXiTHUM Iapom. Illap, mo dhopmye octaTounuit pe3yiapraT, —
BUXITHUM IIapoM. MK HUMU MOKe OyTH HyJIb a00 OUIbIlle MPUXOBAHHUX IIAPIB.
Mix 1BOMa IIapaMH MOXJIMBI Pi3HI cCXeMH 3'€eTHaHb. BOHU MOXXYTbh OyTH ITOBHICTIO
3'€IHaH1, KOJIM KOXEH HEWPOH B OJHOMY IIapi IMAKIIOUYCHHUH 10 KOKHOTO HEHpOHa
B HAacTYyITHOMY Inapi. [Hia cxema nependayae, 1110 rpyna HeMpOHiB B OJTHOMY IIapi
3'€MHYETHCS 3 OJHUM HEMPOHOM Yy HACTYMHOMY Iapi, II0 3MEHIIY€E 3arajibHy
KUTBKICTh HEHPOHIB y oMY miapi. HelpoHu, sKi MaioTh JUINE Takl 3B'SI3KH,
YTBOPIOIOTH OPIEHTOBAaHWUN alUKIIYHUN Tpad 1 HOpMYIOTh TaK 3BaHI MeEpexi
npsAMOTo TomupeHHs: bararomnrapoBuii mepcenTpoH € MOMYyISPHUM PIIICHHIM Yy
MalTMHHOMY HABUYaHHI Ta 3aCTOCOBYETHCS NI PO3B’SI3aHHS 3aBAaHb y PI3HHUX
ramxy3six, TaKux SK pO3MI3HABaHHS MOBJIEHHS, pPO3Mi3HaBaHHS 300pa’keHb Ta

MAIIIMHHAN NEPEKIIA.
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1.6.1. EkcTpemajibHA MallIUHA CAMOHABYAHHSA

Excrpemanbna MmammHa HaBuyaHHs (ELM) — 11e HeiipoHHa Mepexka 3 psIMUM
MOIIUPEHHSM, IO Ma€ OAUH a00 KUIbKa IIapiB MPUXOBaHUX BY3diB. IIpuxoBaHi
BY3JIM MOXKYTh OyTH MpU3HAYEH] BUMAJKOBUM YMHOM 1 HIKOJIM HE OHOBIIFOBATUCS
a00 yCmaJKOBYBAaTHUCS BiJ MOMEpeaHIX Mojenei 0e3 3MiH. Y OUIbIIOCTI BUIAJIKIB
Barv MPUXOBAaHUX BY3JTiB OOUYMCIIOIOTHCS 32 OJJUH KPOK, 1110, TIO CYTi, IPU3BOIUTH
70 HAA3BUYAHO IIBHIKOTO MpPOIECYy HaBUaHHSI. 3a CJIOBaMH PO3POOHUKIB, IIi
MOJIeNl 3/1aTHI 3a0e3reyyBaTH BUCOKY y3arajlbHIOIOUY 3JaTHICTh 1 HaBYaTHUCA B
TUCSAYl pa3iB IIBUJIIE, HDK MEpexl 13 3BOPOTHUM MOIIMPEHHSIM MOMMUIIKH.
Pesynmprati  mOCHIIKeHh TaKOX IMOKa3ylTh, IO TakKi MOJAENi MOXYTh
nepeBepIIyBaTd MalliHU OMOPHUX BEKTOPiB (SVM) y 3amavax kiacudikarii ta
perpecii.

ELM — 1e mBUAKUI METO HABYAHHS MEPEXK 13 MPSIMUM TOIIUPEHHSIM Ta
OJIHUM TIPUXOBAaHUM IIapoM. BXimHuii map npuiiMae XapakTepUCTHUKU JTaHUX, alie
HE BUKOHY€E OOUHCIICHb, TO1 SIK BUXITHUM IIap € JIHIMHUM 1 HE MICTUTh (QYHKITIT
akTHBaIlii abo 3cyBy. Meron ELM BcTaHOBIIOE Baru BX1THOTO I1apy W Ta 3CyBH b
BUIIAJIKOBUM YMHOM 1 HIKONIM iX He kopurye. OCKUTBKM BXIHI Baru (hiKCOBaHi,
BUXIJHI Bard 3ajie)KaTh JIUINE BiJ BUXTHUX JaHMX (HA BIAMIHY BIJ METOIY
HaBYaHHS 3BOPOTHOTO MOMIMPEHHs MOMUIKH). Lle 103BoIsIE OTpuMaTH aHAIITUYHE
pillIeHHs, sIKe He TOTpedye iTeparliil.

Take pimeHHS TaKOX € JIHIAHAM 1 OOYMCIIOETHCS IYXKE IMBUIAKO JUIS
JIHIHMHOTO BHUXITHOTO IIapy. BHMaakoBi Bard BXiAHOTO Iapy IOKPAIIYIOTh
y3araJbHIOI0Ul BIIACTUBOCTI MOJIEINi, OCKUIBKH BOHH 3a0€3MEeUYyIOTh MPAKTUIHO
OpTOTrOHANTBHI (c1a00 KOpEeIbOBaHi) 03HAKH MMPUXOBAHOTO T1apy. Pimenns niHidHOT
CUCTEMH 3aBXKIW 3HAXOAUTHCS B Jialma30Hi BXIMHMX Bar. SIKMIO Jiama3oH Bar
pilmieHHsT 0OMEeXeHUH, OPTOTOHAIBHI BXiJHI Baru 3a0e3rneuyroTh OUThIIni 00'eM

MIPOCTOPY PILICHb Y IIMX MEXKaX.
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MeHuii HOpMH Bar 3a3BUYail poOJIATH CUCTEMY CTIMKIIIOW 10 IIyMY,
OCKUIbKU TOMUJIKM Ha BXOJ1 HE MiJICHIIOIOTHCS Ha BUXO/J1 JIIHIHHOI CUCTEMU 3
ManuMu KoedimieHTaMu. Sk HacliIOK, BUIMAJKOBUI MPUXOBAaHUN IIAp CTBOPIOE
c1abo KOpesbOBaH1 03HAKH, 1110 JI03BOJISIE OTPUMATH PIIICHHS 3 HU3bKOI HOPMOIO

Ta BUCOKOIO y3araJbHIOOYO0I0 BHaTHiCTIO.

Puc. 1.4. Monesb eKCcTpeMalbHOI MallliHU HaBYaHHS [41]

O6mnacri 3actocyBanusi ELM BxitouatoTs kitacuikaliiro Ta perpeciiti 3aiaui.
Kpim Toro, ELM Takox ycmiliHO BUKOPUCTOBYETHCA JUIsl pO3Ii3HABaHHS 00pa3iB,

NPOTHO3YBaHHS, IIarHOCTUKU, 00pOOKH 300pakeHb Ta B IHIIUX rany3sax[42].

1.6.2. 3ropTkoBi Heiiponni mepexi (CNN)

3ropTKOBi HEUPOHHI MEpeXi BIAPIZHAIOTHCS BiJl 1HIIMX HEHPOHHUX MEPEK
BHCOKOIO MPOAYKTUBHICTIO B 00p0OIIi 300pa’keHb, MOBJICHHS a00 ay iOCHTHAIIB.
Bonu ckmamarThCcs 3 TPhOX OCHOBHUX THIIB IIAPiB: 3TOPTKOBOTO IIapy, IIapy
MiATPYIyBaHHS Ta TOBHO3B'SI3HOTO MIApy. 3TOPTKOBUH IIap — 1€ MEPIIHA map y
3ropTKOBii Mepexi. Ilicis 3ropTkoBUX mIapiB MOXYTh ITH JAOJATKOBI 3rOPTKOBI
mapu abo MIapy MiATPYIyBaHHS, a OCTAHHIM € TOBHO3B'SI3HHU ImMap. 3 KOXHUM

HACTYITHUM IIapOM 30UTBITYETHCS CKIATHICTh 3rOPTKOBOI HEHPOHHOI MeEpexi, 1
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BOHA 1IeHTU(]IKYye Bce OUIbII CKIAgHI YacTUHU 300paxeHHs. Ilomepenni mapu

(OKYCYIOTBCS Ha IPOCTUX XapAKTEPUCTUKAX, TAKUX K KOJIHOPHU Ta KOHTYPH.

VY Mipy NpoXoaKeHHS 300pa)K€HHS Yepe3 3rOPTKOBI MIApU MEpeka MOYMHAE
pO3MI3HABATH CKJIAJHINI eleMeHTH a0o QopmMu o00'ekTa, MOKUM 3pEUITOI0 HE
inenTudikye uuiboBuil 00'ext. Ha puc. 1.5 mpencraBieHo Mojeib 3ropTKOBOT

HEHPOHHOI MEpexi.

\/\/\/\/

XX XX

Puc 1.5. Mogens 3roptkoBoi HeiipoHHOT Mepexi [41]

brnox 1D-3roptku € 1mapom, SKUH BUKOPUCTOBYETHCS HJisi BUSBICHHSA
ocoOnuBocTel y BekTopi. Takuii OJIO0K CKIIaIaeThes 3 MEeBHOI KIIBKOCT1 (PLIBTPIB,
e KoKeH (GuIbTp Mae 3amaHuil po3mip. Omeparlis 3rOPTKM BUKOHYETHCS MIK
BXIJTHUM BEKTOPOM 1 (DUIBTPOM, y PE3yIbTaTi YOro Ha BUXOJ1 (POPMYETHCS HOBUM
BEKTOP 13 KUJIbKICTIO KaHAIIB, IO JOPiBHIOE KUTBKOCTI GinbTpiB. KoxHe 3HaUCHHS
y TE€H30pi1 MOTIM MPOXOIUTH Yepe3 (PYHKITIF0 aKTHBAIlil, SKa J0Ja€ HETIHIHHICTD.
3a3Buyail GUIBTPU MEPEMINIYIOTHCS MO MIMPUHI BEKTOpA Ha OJWH €JIEMEHT 3a pa3
— 1€ Ha3UBAETHCSI TOPU3OHTAILHUM KPOKOM, 1 KOPHCTYBAau MOXE 3MIHIOBATH IIeH
napameTp. YuMm OUTHIIMIA KpOK, TUM MEHIIWN BUXimHWA BekTop. lle MoxHa
BUKOPUCTATH I 3MEHIICHHS KUTBKOCTI MapamMeTpiB 1 mam'siTi, aje Ie TaKoX
MPU3BOAUTEL 70 BTpaTH iH(Mopmariii. 3a monomoror migmuBku (padding) moxHa
J0JaTH OAWH a00 KiTbKa HYJBOBHX ITIKCEIiB HABKOJO BXIJIHOIO BEKTOpa, 1100
30UTBIIUTA MOTO e(PEeKTHUBHUUA po3Mip. 3ropTKOBI MIApU 3a 3aMOBUYYBAHHSAM
3MEHIIYIOTh PO3MIPHICTh TeH30pa. SKiio 0arato 3ropTKOBUX IIAPIB J0JAIOTHCSA

OOHH A0 OAHOIO, BI/IXiI[HI/Iﬁ TCH30P IIOCTYIIOBO 3MCHINYETHCA, IOKHW HC CTAHC HAATO

48



MalluM JUIsl mofaibinoro Bukopuctanus. [[o6 3amo6irty npboMy, MOXKHA T0AaTH
MIIIUBKY MEepel 3TOPTKOBUM IIapoM, 11100 30epertu po3Mmip TeH30pa. 3a3HaueHy
apXITEeKTypy MOKHA 3aCTOCOBYBATH JIJIsl aBTOMATUYHOTO PO3Ii3HABAaHHS MOBJICHHS,
MOHITOPHUHTY €JICKTPOKapAiorpaM y pealbHOMY 4Yaci Ta BUSIBJIICHHSI CTPYKTYPHHX

MIOIITKOJ/KCHb Y IMBUIBHIN THPPACTPYKTYypi Ha OCHOBI BiOparriii [43].

Wavenet 3paTtHHii  CUHTE3yBaTM NPUPOJHO 3BYy4YHE MOBIEHHA. L4
aBToperpeciitna Mozenb ¢GopMmye HWMOBIPHICHUN pO3MOAUT HACTYIHOTO 3paska,
BPaxOBYIOUM MEBHUN (PparMeHT MomepeaHixX 3pa3kiB. Bcs mociimoBHICTh 3pa3KiB
TeHEPYETHCS MUIBIXOM IMOCIIIOBHOI MOJavi paHillle 3reHepOBaHUX 3pa3KiB Ha3ad y
MozeNlb — 1€ 3a0e3nedye 4acoBY HENEPEpPBHICTh Yy PE3YJbTYIOUId XBUIHOBIN
dbopwmi 3BykoBux curHaii. Wavenet e aganrarriero reaeparuBHoi Mojieni PixelCNN
JUIsl 300pakeHb, MepeHeceHo B ayniochepy. Bin 36epirae 6arato ocobauBocTei
PixelCNN, 30Kkpema Kay3albHICTb, 3TOPTKOBI OJIOKM Ta JUCKPETHUH pPO3MOILT
BUXOaIB softmax. OckibKkM BUCOKA YacoBa CKIagHICTh Wavenet Oyjia OCHOBHUM
oOMEXEHHSIM, y 3alpoOINOHOBaHIM Mojeni il aBToperpeciiHuii Xapaktep OyIo
YCYHYTO.

JIOr1YHUM MPOJIOBKEHHSAM ACMMETPUYHUX PO3UIUPEHHX 3ropTok Wavenet €
30UTBIICHHS JTOBXUHHU (PiIbTpa 10 3 1 BUKOHAHHS CHMETPHUYHOTO 3alIOBHCHHS B
KOXKHOMY PO3IIUPEHOMY IMmapi. SKImo 3pa3ok, SKWA TOTPIOHO IMOKPAIIUTH,
3HAXOJIUTHCS B IIEHTP1 PELENITUBHOTO OIS, 1€ TTOJJBOIOE KOHTEKCT HABKOJIO HHOTO
Ta yCYBa€ Kay3aJbHUH 3B’ s130K. MOJIeNIb OTPUMYE OJTHAKOBUHN JOCTYII 710 3pa3KiB y
MUHYJIOMY Ta MaOyTHHOMY, IIIO MOKPAIIy€ TOYHICTH MPOTHO3Y. 3aMiCTh IHOTO
0aratoMoIanbHUN PO3MOALT BUXIIHOTO CUTHANY MOXE BHOCUTH apTe(pakTh y
BindineTpoBanuii curnai. lle 103BoIs€ MPUITYCTUTH, IO YHIMOIATbHI IPOTHO3H (3
["aycoBuM po3MOALIOM BUXITHOTO CUTHAIY) € OUTBII MPUAATHUMU IS €T 3a7a4i.
3 WX MPUYHMH 3alpONOHOBAaHA MOENb Nepeadadae HeoOpoOIeHui 3ByK — 03
monepeHL01 00poOKU. BUXin MoielTi He € caMUM CUTHAJIOM, a HOr0 HMOBIPHICHUM
posnoauioM. KpiM Toro, Moziesib HaBYa€ThCA MUIAXOM MiHIMIi3alii (YHKIII BTpaT

perpecii. SIk HacmifOK, I MOZIETb € He TeHEPaTUBHOIO, a AMCKpUMiHaIiiHO0. i
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MOXHa BUKOPUCTOBYBATHU JIsA pOSHiSHaBaHHH MOBJICHHSI a00 3MEHIIICHHS Imrymy B

ayniocursaini [44].

1.6.3. PexkypeHTHi HelipoMepe:ki

PexypenTtHa neliponHa Mepexka (RNN) — 1e Tunm mTydyHUX HEUpPOHHHUX
MEPEIK, IO MPAIIOE 3 TTOCTIIOBHUMHU a00 4acoBUMHU JaHUMU. RNN 3aCTOCOBYIOThCS
JUISL  BUPINICHHS 3aBlaHb, I[OB’SA3aHUX 13 TMOCITIJOBHUMH a00 YacOBUMH
3aJIKHOCTSAMH, TaKUX SK MAaIIMHHUN TMepekias, oO0poOka MPUPOIHOI MOBH,
pO3ITi3HABAHHS MOBJICHHS Ta T€HEPAIlisl MAMUCIB 10 300paKeHb. Ix BUKOPUCTOBYIOTh
y MONYJSIPHUX JOJaTKaxX, Takux sk Siri, rojgocoBuit nomryk i Google Translate.
PekypeHTHI HEHPOHHI MeEpeXi, Tak caMO SK MEPEXKi MPSAMOro IOIIMPEHHS Ta
3ropTKOBI HEHPOHHI MEPEKi, HABYAIOTHCSA Ha OCHOBI HABYAJIbHUX AaHUX. OCHOBHOO
BinMiHHICTIO RNN € HasBHICTBH mam’sTi, OCKUIBKA BOHU BPaXxOBYIOTh 1H(POpMAITIIO 3
MOTIEPEHIX BXOIB, IO BIUIMBA€ HA MOTOYHHUH BXiA 1 BUXIA. SIKIO TpaguIliidHi
rIMOOK1 HEHPOHHI MEPEeXKi MPUITYCKAIOTh, III0 BXOJU Ta BUXOJIU HE3aJeXKH1 OJUH Bl
onHoro, To Buxig RNN 3ai1eXuTh BiJ MONEpeIHIX €JIEMEHTIB Y TOCIIJOBHOCTI. X04a
MaiOyTHI TMOAIl TaKOX MOXYTh OYTH KOPUCHUMH ISl TPOTHO3YBaHHSA,
OJIHOHAIPABJICHI PEKYPEHTHI HEHPOHHI MeEpeki HE BpPaxoBYIOTh MaWOyTHIO

iH(pOpMaIIio y CBOIX MPOTHO3aX.

1.6.4. Heiipomepe:xa 10Broi KopotkoctpokoBoi nam'ati (LSTM)

Crangaptai  pexypeHtHi HedpoHHi Mepexi (RNN)  BiACTeXYOThH
JIOBTOCTPOKOB1 3aJIe)KHOCTI Yy BUXIIHUX MOCTIAOBHOCTAX. OpjHak mpoOiema
craggaptaux RNN nossirae B TomMy, 10 i1 4ac 3BOPOTHOTO MOMTUPEHHS TPATIEHTH
MOXYTh a00 HaOMMKATHCS 10 HyJsA, ad0 3pocTaTh A0 HECKIHYEHHOCTI uepes
BUKOPHUCTaHHSI 4YHcCeNl 3 OOMEXKEHOI TOYHICTIO B O0OuYMClIeHHSX. PexypeHTHI

HEUPOHHI MeEpexl, 10 BUKOPUCTOBYIOTh Ooku LSTM, 4acTKOBO BHpILIYIOTh
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npoOJieMy 3HUKHEHHSI Tpaji€eHTa, ocKuUlbkU 010ku LSTM n03BOJISIIOTE TpajileHTaM
e(eKTUBHO NepenaBaTUcs 0€3 3HaYHUX 3MiH.

3aranbHa apxitektypa LSTM-Mepexi MicTUTh OCHOBHUM ocepenok (cell),
AKUN € YaCTUHOIO MOJAYJS MaM'sTi, a TaKOX TPU PETyIATOPH MOTOKY 1H(popMmarlii,
110 Ha3uBaroTbes "BopotamMu". B Mogyni LSTM icHYIOTh TpH TUIH BOPIT:

- Bxigni Boporta (input gate) — KOHTPOJIIOIOTh, KA YaCTUHA 1H(opMalii 3
BXIJTHUX JaHUX OyJe 30epekeHa B maM'sTi.

- BuxinHi BopoTa (output gate) — BU3HA4aIOTh, IKa YacTUHA iH(OpMaIii
BIUTMBAaTHME Ha IPOTHO30BAHE 3HAYCHHSI.

- Bopora 3a0yBanns (forget gate) — peryno0Th CTyMiHb, 3 SKUM
nonepeaHs iH(popMaIris 3aJIUIIAETHCS B OCEPEAKY MaM'sTi.

OcHoBHa (yHKII1s ocepeniky (cell) — 30epiraTu 3a1eKHOCTI MK €JIeMEHTaMU
BX171HOT mocigoBHOCTI. LSTM-Mepeski 3aCTOCOBYIOTHCS B OaratboX raiyssx, cepe
SKMX po3mi3HaBaHHs MoBjieHHS [45]. Ha puc. 1.6 mpeacraBieHO apXiTEKTypy

HelpoHHoi mepexi LSTM.

%
N

e 'g
‘\".

Puc. 1.6. Apxitektypu HeliponHOT Mepexi LSTM [41]
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1.6.5. Mammmua boabsumMana

Mamuna bonbliMaHa € OJIHI€I0 3 PI3HOBUJIIB CTOXAaCTUYHHX PEKYPEHTHHUX
HEHPOHHMX Mepesk. [i MOKHA PO3IIISAaTH K CTOXaCTUYHHI T'eHepaTUBHHMIi BapiaHT
mepexi Xondunaa. Ll mepexa BUKOPUCTOBYE aarOpUTM IMITAlli Biamany JJist
HaBYaHHS 1 cTaja MepuIol0 HEMPOHHOIO MEPEeXkKero, 3/1aTHOI0 HaBYATH BHYTPIIIHI
NpEe/ICTaBIIEHHsI Ta PO3B’sA3yBAaTH CKJIAJHI KOMOIHAaTOpH1 3amavi. B apxiTextypi
MamHU bonblilMaHa HEMae 4YITKOro pO3MEXyBaHHS MK BXIJHUM 1 BUXIIHUM

mapamMu. GakTUYHO, BUXITHUN 11ap BIICYTHIMH.

Bysnu B mammHax bBonbliMaHa TOMUIAIOTBCS HA BHJIWMI Ta TMPUXOBaHI.
Bunumi By3nu npuitMaroTh BXiAHI 1aHi, TO1 SIK Ti K BY3JIH, IO OTPUMYIOTh BXIJI,
MIOBEPTAIOTh PEKOHCTPYHOBaHWM BXim sk Buxia. lle 3mificHIOETBCS 3a pPaxyHOK
JIBOHAMPABIICHUX Bar, sIKi MOIIUPIOIOTHCS Y 3BOPOTHOMY HAIPSAMKY i (DOPMYIOTH
BUX1JI HAa BUJIMMHX BY3JIaX. BakKJIMBOIO TIEpeBaroxo € Te, 1o KOKEH BY30JI 3’ € THAHHH
3 yciMa IHIIMMH BYy3JIlaMH, HaBiTh yCEpEIWHI OJHOrO Iapy (HampuKiIajd, KOXKEH
BUJUMUN BYy30J 3’€IHAHWK 3 IHIIMMU BHJAMMHMH BY3JIaMHM, a TaKoX i3

MPUXOBAaHUMHU By3JIaMu). Y Ci 3B’SI3KU € IBOHANPABICHUMH, & Bard CUMETPUYHI.

HaBith sikiio HaB4YaHHS B MamivHax bosbIiMaHa 3arajioM € HEeMPaKTUYHUM,
fioro MoxxHa 3poOuTH e(eKTUBHIIUM y oOMexeHii mammHiI boneivana (RBM),
sKa HE JO3BOJIAE€ BHYTPIIIHIX 3B’ S3KIB MK MPUXOBAHUMH Ta BUIANMHUMH OJOKaAMHU.
ITicns waBuanHs omHoro RBM, akrtuBarii Horo mnpuxoBaHUX BY3JIiB MOXHA
BUKOPHCTOBYBATH SIK BX17H1 a1 i HaBdaHHa RBM Buioro pisus. Lleir meTon
o0’eqnanHss RBM mo3Bosisie €peKTHBHO HaBYAaTH KiUTbKa PIBHIB MPUXOBAHUX
MOJIYJIB 1 € OJTHAM 13 HAUTIOMUPEHIHNX Y TTHOOKOMY HaBuaHH1. OUH 13 TPUKIIAiB
MpakTU4YHOro BUKOpucTaHHs RBM — 1e po3nizHaBaHHS MOBJIEHHS, 3MEHIICHHS
po3mipHocTi nanux [46], xkinacudikaris [47], BuBueHns o3Hak [48]. Ha puc. 1.7

MIPEACTABICHO apXITEKTYpy HEMPOHHOI Mepeki MalllMHU bobiMana.
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Puc. 1.7. Monenb Marmuau bonbiimana [41]

1.6.6. Mepe:xa riaudoxoi 10Bipu

Mepexi rimuookoi qoBipu (DBN) — 11e iIMOBIpHICHI TeHepaTUBHI MOJIEII, SIKi
CKJIaIal0ThCS 3 KUTBKOX IIapiB CTOXaCTHYHUX NMPUXOBaHUX 3MiHHUX.[IprxoBaHi
3MiHHI MOXKYTh MAaTH JBIMKOBI 3HAYEHHS 1 YacTO HA3WBAIOTHCS NPUXOBAHUMU
By3JlaMH a0o0 JeTeKTopaMH O3HaK. [[Ba BepxHI mapd MaloTh HEHaIPaBJICHI,
CUMETPUYHI 3B’ I3KH MikK cO00I0 1 HOPMYIOTH acOIIaTUBHY IMaM’siTb. MK PEIITO0
nmap CyCigHIX IIapiB € JUIIE HampaBleHI 3B’SI3KH BiJ BEPXHBOTO 1O HIKHBOTO.

CraHu By3JiB Y HUKHBOMY IIapi MPECTaBISIOTh BEKTOPU JAHUX.

JIBa HalBaXXKTMBIIINX BJIACTUBOCTI MEPEX TITMOOKOT JOBIPH:

- [cHye edekTHBHA MOCIOWOBA MPOTIEAYpa JJIsl HAJAIITYBAaHHS Bar HU3X1THUX
apiB, SIka BU3HAYAE, K 3MiHHI B OJTHOMY IIIapi 3aJI€KaTh Bl 3SMIHHUX B BEDXHBOMY
mapi.

- [licns HaBYaHHS MPUXOBAHMX 3MIHHHX, B KOXKHOMY IIapi MOXYTb OyTH
BHUBEJICHI 3HAYEHHS 3a OJWH MPOXiA 3HU3Y Bropy, SKUM PO3MOYUHAETHCS 31
CIIOCTEPEKYBAHOTO BEKTOpA JTaHWX B HUIKHBOMY IIIapi 1 BUKOPHUCTOBYE Baru B

3BOPOTHBOMY HANIPSIMKY.
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Mepexi riamboKoi 10BipH HABUAIOTHCA IO OJJTHOMY IIapy 3a pa3, 00po0Isoun
3HAYCHHsI MPUXOBAHUX 3MIHHUX B OJJHOMY IIapi B MOMEHT, KOJIM BOHU BUBOISTHCS
3 JaHUX JJI1 HaBYaHHS HacTynHoro mapy. Lle epextuBHe, xaioHe HABYaHHS MOXKeE
CYNPOBOJIXKYBaTUCS a00 MOEIHYBATUCA 3 IHIIMMH MPOIEAYypaMH HaBUaHHS, SKI
TOYHIIIE HAJAIITOBYIOTh BC1 Baru JJisl MOKPAIICHHsS T€HEPATUBHUX XapaKTEPUCTUK
BCIET MEPEXKI.

JIUCKpUMIHATUBHE TOHKE HAJAIUTYBaHHS MOKHA BUKOHATH MLUISXOM
JI0JIaBaHHsI OCTAaHHBOTO IIAPY 3MIHHUX, SIK1 PEJCTaBISAI0OTh OakaH1 BUXIHI AaH], a
TaK0X BUKOPUCTAHHS TPAJIEHTIB MOMUIOK 3BOPOTHOIO nomupeHHs. Ko mepexi
3 OaraThbmMa MPUXOBAaHUMH IIapaMH 3aCTOCOBYIOTHCS /10 BUCOKOCTPYKTYPOBAHUX
BXIIHMX JIaHUX, TAKUX K 300pa’KeHHs, 3BOPOTHE MOUIUPEHHS IPAIIEHTIB MPALIOE
HabaraTo Kpaiie, Ko JeTeKTOPH O3HAK Y MPUXOBAHUX IIapax HIMIATI3YIOThCS 32
JIOTIOMOT'O0 HaBUYaHHS MEPEeXkK1 INIMOOKOT T0BIpH, IO MOJEIIOE CTPYKTYPY BXITHUX
naHuxX. Mepexy TIuOOKOoi JOBIpM MOKHAa BUKOPHCTOBYBATHU JIsi PO3B’sI3aHHS
3aBaHb Bia Kiacudikarii 300paxeHp 1 po3Mi3HaBaHHS MOBJICHHS 70 Kiacudikarii

aynio [49]. Ha puc. 1.8 npeacraBiieHo apXiTeKTypy MepeKi ITHOOKOT JOBipH.

Output
layer

Puc. 1.8. Apxitektypa Mepexi rimbokoi qosipu [49]
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1.6.7. ABTO€HKOEP

ABTOEHKOJEpH — L€ HEHPOHHI Mepexli MNpsAMOro MOLIMPEHHS, SKi
BIITBOPIOIOTHh BXIJHUN CUTHAJI HA BUXOJ1. BOHM MaioTh MPUXOBaHUU IIap, IO
MIpeCTaBIIsI€ COO0K0 KOJI, IKUI ONMUCY€E MOJENb. ABTOCHKO/IEPU CTBOPIOIOTHCS TaK,
o0 He MaTH MOXJIMBOCTI TOYHO BIJITBOPIOBATH BXiJ Ha BHUXOAl. 3a3BUYail ix
O0OMEXYIOTh y PO3MIPHOCTI KOy (BOHA MEHINA, HIX PO3MIPHICTh CUTHaNY) abo
mrpadyoTh 32 HaJAMIPHY aKTHBallil0 HEWpOHIB y koxai. Yepe3 BTpaTu mim 4ac
KOJIyBaHHS BXIJIHHI CUTHAJ BIITBOPIOETHCS 3 TOMUJIKAMH, ajie JUIsl X MiHIMi3alii
Mepeka HABYAETHCS BHUIAUIATH HAWBAXKIIMBIIII O3HAKH. ABTOEHKOAEP MPOBOJUTH
anpoOKCUMAIlII0 JTAHWX, 30CEpPE/UKYIOUM YBary Ha OCHOBHUX XapaKTEPUCTHKAX
BXIJIHOTO curHaidy. BiH Bu3HaYaeTbcs uepe3 BXIJHUM IIap, BHYTPILIHE

IpeJACTaBICHHS Ta BUX1THUH 1H1ap.

Po3pimkeHi aBTOeHKOEpH MPOIIOHYIOTh ATBTEPHATHBHUM CIIOCIO BBEICHHS
iHdopMalliitHoro "By3pKOro Micis", HE BHMararo4d 3MEHIIEHHsS KUTbKOCTI
HEHWPOHIB y MPUXOBAHMX IIapax. 3aMiCTh IIbOTO (YHKIlIS BTpAT MOAUDIKYETHCS
Tak, o0 mTpadyBaTH HaAMIPHI aKTUBaIlli HEHPOHIB Yy MpHXOBaHOMY miapi. J{is
KO’KHOTO CITOCTEPEKCHHS MEPEKa HaBYAE€ThCS KOJYBAHHIO Ta JICKOTyBaHHIO TAKHM
YUHOM, 11100 aKTUBYBAJIacs JIMIIIE HEBEJIMKA KIIbKICTh HEUpOHIB. Lle BiApi3HAEThCS
BiJl TPAIUIIIMHOT peryysipu3aliii, OCKUTbKU 3a3BHUYal peryispHu3allii miaaaTh Baru
Mepexi, a He akTuBallli HelpoHiB. Ha pucynky 1.9 mpencraBieHo apXiTeKTypy

PO3PIIHKEHOTO aBTOCHKO/AEPA.
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Hidden layers Output layer

Input layer

N 7 1 7 i 7 \

Puc. 1.9. ApxitekTypa po3pimkeHoro aproenkoepa [50]

AKTHUBAIIIS OKpEeMHX BY3J11B HABUCHOI MOJIEIII 3aJICKUTh B1J] BXITHUX JTAHUX:
pi3HI BXiHI JaHl NPHU3BOJATH 0 aKTHBAIll PI3HUX BY3IiB Mepexi. OgHuMm i3
HACJIIKIB IIBOTO € Te, [0 MepeXka YyTIUBO pearye Ha OKpeMi BY3JIH ITPUXOBAHOTO
mapy, BIANOBIAHO 10 aTpuOyTIB BXIAHUX JaHWX. HenmoBHUI aBTOCHKOEP
BUKOPHUCTOBYE BCIO MEPEXY A KOXHOTO CIIOCTepexeHHs. Po3pimkeHuii
aBTOEHKOJIEp BHOIPKOBO aKTHBYE Pi3HI 00JaCTI MEpeki 3aJeKHO BiJ BXITHHX
naHux. B pesynbrari 00OMEXYyeThCsl 37JaTHICTh MEpEXi 3aram’sITOBYBAaTH BXITHI
JaHi, aje 30epiraeTbcsi MOXKIMBICTh €(DEKTUBHOTO BHIIyYeHHS o3HakK. Lle mo3Bosse
pPO3MISAATH TPEJICTABICHHS JIATCHTHOTO IIPOCTOPY Ta PETYJSIPH3aIii0 MEpexi
okpemo. TakuMm dYMHOM, BHOIp MPEICTABICHHS JAaTEHTHOTO MPOCTOPY (TOOTO
PO3Mipy KOAYBaHHS) Y3TrOKYEThCS 31 3MICTOM JTaHUX, OJJHOYACHO 3aCTOCOBYIOYH

PETYISIpHU3AIito MUITXOM BBEJACHHS OOMEKEHHS PO3PiIKEHOCTI.

[cHYIOTh 1Ba OCHOBHUX CHOCOOH, 32 JOTIOMOTOIO SIKMX MOXXHA HAaKJIaCTH
oOMeXeHHsT po3pikeHocTi. OOuaBa MIAXOAW BKJIIOYAOTH  BHMIPIOBaHHS
aKTUBAIlI MPUXOBAHOTO APy IS KOKHOI HaBYAIBHOI MapTii Ta MoauQiKaiio
dbyHKIIT BTpat ais mrpadyBaHHd HaAMIpHUX akTuBaiiil. IlpencraBieHHst naHux
dbopmyeTbesl Tak, 100 CHPUATH PO3PIIHKEHOCTI, 1O MOKpAILy€e MPOAYKTHUBHICTD

NpU BUKOHAHHI 3aBJaHb Kiacudikarrii [51].
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ymonpuaymyrouuii aBTOEHKOAEP [0JAa€ IIyM [0 BXIAHMX JaHUX 1
HAaBYA€ThCS MOro ycyBarh. TakuM YHMHOM, BHAETbCS YHUKHYTH MPOCTOrO
KOITIIOBaHHS BXIAHUX JaHUX Y IXHIA HE3MIHHIA (OpMi Ta 3aMiCTh LILOTO BUBYATH
ixHi oco0uBOoCTI. [ aBTOEHKOIEpU MPUIMAIOTh YACTKOBO MOIIKOXKEHUHN BX1THUN
CUTHAJI 1 HaBYAlOThCA BIJHOBIIOBATH IMOYATKOBUWM HEMOIIKOMKEHUA CUTHAIL.
Mopnenb BUBYAa€E BEKTOpHE MOJiE, IKE BiqoOpa)kae BXIIHI JaHl y MPOCTIp MEHIIO]
PO3MIPHOCTI, IO OMUCY€E MPHUPOAHI JaHl Ta JOMOMAara€ ycyBaTH JOJAHUM IIyM.
TakuM 4MHOM, KOJIEp BUOKPEMITIOE HAWBAXKITUBILI1 XapaKTEPUCTUKH T4 HABYAETHCS
CTBOPIOBATH OUIBII CTIMKE MpeACcTaBleHHs 1aHuX. Ha mpakTuili OCHOBHOIO METOO
[TYMOIO/IaBAIbHUX aBTOCHKOIEP1B € OUMILIEHHS MOIIKOKEHUX BXITHUX JaHUX a00

SMCHIICHHA LIIYyMY.

Y po6oti [52] mymonpuayiiyrounii aBTOCHKOAEP BHKOPHUCTOBYBABCS IS
knacudikamii 300pakeHbr Ta ayaiogaHux. Y poOoti [53] aBTOCHKOAED
3aCTOCOBYBABCS JJIs BIJHOBJICHHS MOIIKO/)KEHUX CUTHAIIB CTaHYy TPAHCIOPTHOTO
3aco0y. Ha pucynky 1.10 300paxkeHO Mojelb UIYMONPUAYIIYIOUOTO

dABTOCHKO/JICPA.

Denoising AE (DAE)

: Noisy Input
Cell

Probabilistic
Hidden Cell

\ X Match Tnput
N = Cutput Cell

.
o~
-—
) - v
-

Puc. 1.10. Mopenp nryMonojaBaibHOTO aBTOeHKOAepa [54]
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1.7. Orasia HelipoMepeskeBUX MiAXOAIB 1Jisi 0OPOOKH TiApOaKyCTHYHUX
CUT'HAJIIB

1.7.1. 3ropTkoBi Helipomepeki

VY poborti [55] Oyna 3amponoHoBaHa HelpomepexkeBa apxiTektypa UATC-
DensNet (Underwater Acoustic Signal Recognition Based on Dense Convolutional
Neural Network), sika 0a3yeTbcsi Ha BHUKOPUCTaHHI IIUIbHOT 3TOPTKOBOI
neripomepexi (Dense CNN). ApxiTekrypa HeHpomepexki po3poOsieHa s
MMOBTOPHOTO BUKOPHUCTAHHS IOIMEPEAHIX KapT O3HAK, IO JIO3BOJISE YHUKHYTH
3aryxaHHs rpajieHta. HasBHicTe mapiB 31 3’eaHaHHsM "skip-connection" pgae
3MOTYy BHKOPHCTOBYBAaTH BCi TOMEpEIHI KApTH O3HAK 1 YHHUKHYTH IMPOOJIeMHU
3aTyXaHHS TPaJli€HTa, sIka BUHUKAE TIPY HAKJIAJICHHI OaraThoX MOCIIJOBHUX IIaPiB
3ropTKOBOi 00poOKM Ta aktuBamii. Kpim Toro, kimacudikarop Ha ocHoBi CNN
noTpedye MeHIIe 00UYUCTIOBATLHUX PECYPCIB 3aBASKH aJallTUBHINA CTPYKTYPI, sIKa
3MEHIIy€ KUTbKICTh HaBYAJbHUX MapameTpiB. Ha BXia mojgaeThcsi mpencTaBieHHs
aylioCUTHAJy Yy 4YacoBid o0jacTi. ApXITEKTypa 3alpONOHOBAHOTO METOIY

300paxkeHa Ha pucyHky 1.11.

f*[maxpool-m :'—>1maxpool-03 }—'[maxpool-06:

rr e =) -N\ r - (')- r
< - < o~ < ©
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g [E] |5 2|5 : ‘ 5 g
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l maxpool-04 —’ !

"—>Lmaxpool-02]—>[maxpool-05J l
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Puc. 1.11. Apxitektypa Heiipomepexi UATC-DensNet [55]
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VY pobori [56] 3anponoHOBaHO MOEIHAHHS 3TOPTKOBOT HEUPOHHOI MEpexi
(CNN) 3 metonom nokpamiens criektpa LOFAR. Jlna po3B’sizanHHs npobiieMu
o0OpuBiB y ciektpi LOFAR, siki MOXYTbh BUHUKATH Y€pe3 BIUIUB IIYMIB 800 HU3bKE
CIIBBIJHOIIEHHSI CUTHAJ/IITIyM, po3pobiieHo MeToJ nokpaiieHHs crektpa LOFAR
Ha OCHOBI 0AaraTopiBHEBOTO aJITOPUTMY NMPUUHATTA pimieHb. [lokpamienuil cnekTp
LOFAR BukopucroByetbcsi sk BxigHuM cur"Han ans CNN. 3 migBogHOro
aKyCTUYHOI'O0 CHUTHAy, OTPUMAHOro IUIAXOM OaratopiBHEBOTO aHaji3y CHEKTpa
LOFAR, po3pobiisieTbest CTpyKTypa 3ropTKOBOT HEHPOHHOI MEpPEeXKi, IKa BPaXOBY€
roro oco6uBocTi. Y il ctpyktypi CNN 3acTOCOBYIOTHCS JI€SIKI 171e1 TOYaTKOBOTO
MOJYJIsl, SIKUH BUKOPHCTOBYE Pi3HI pO3MIpH s€p 3rOPTKOBOI OOPOOKHU Ta OI[IHIOE
BOXJIUBICTh XapaKTEPUCTUK TII100ATLHOTO Ta JIOKAJBHOTO PO3MOAUTY iH(pOpMAaIlii.
L5 apxiTeKTypa 103BOJIsi€ BAOMPATH ONTUMAJIBHI SIpa 3TOPTKOBOI 0OpOOKH Ta siipa
rpynyBaHHS JUJIsi €EKTUBHOIO BUIUICHHS O3HAK. Mepexa e(pEeKTUBHO BUSBISE

MO3UIIIHI 3a7I€KHOCTI CIIEKTPAIBHUX JIIHIM Ha pi3HuX yacTtoTax y cnekrpi LOFAR.
JlaHi, 1110 BUKOPUCTOBYBAJIUCS Y 111 poOOTi, OyJM MOICH] HA Bl YACTUHH:

- baza ganux ShipsEar, mo MicTUTh 3anucyu MiABOJHUX aKyYCTUUHUX

CUTHAJIIB.
- Habip 13 4oTUpHhOX THUITIB CUTHAJIB, 110 TEHEPYIOTHCS IITyMaMHU.

baza nanux Oyma po3aijieHa Ha YOTHPH KaTeropii BIAMOBIIHO 0 THUITY Ta
po3Mipy cyneH. JlaTa, morojHi yMOBH Tij] 4ac 3amucy, KOOPAUHATH Ta CTaH PYXy
CyJleH, KUTbKICTh, TTIMOMHA 1 TOTY>KHICTb TipO(OHIB BapitOBAINUCA MK 3aITUCaMHU.
Pesynpratnn mokazanu, mo meronx LOFAR-CNN mocsar MakcuMalibHOI TOYHOCTI
po3mi3zHaBaHHS Ha piBHI 95,22%, 110 mepeBUIlly€e TOYHICTh TPAAUIIIHHIX METOIIB.
Ie#t minxig po3Bossie edeKTUBHO KiIacu(iKyBaTH JaHI 3a pIi3HUX pPIBHIB

CHBBITHOIIEHHS CUTHAJI/IITYM 1 B PI3HUX YMOBaX HABKOJHUIITHLOTO CEPEIOBHUIIIA.

VY poboti [57] npeacraBneno HoBuii MeTon, mo iHTerpye CNN ta LSTM.
3ropTkoBa HEHPOHHA MepeKa BUKOPHCTOBYE OTHOMIPHY 3TOPTKY MJisi 0OpOOKH
BXITHUX AaHUX. OCKUIbKA XapaKTePUCTHKU IMiIBOJIHOTO aKyCTUYHOTO CUTHATY
CyIHa 3MIHIOIOTHCS 3 4YaCOM, MOJKHa 3acTocyBaTu Hedpomepexy LSTM, mob

00pOOJISITH SIK XapaKTEPUCTUKHU TIOTOYHOTO MOMEHTY, TaK 130epexeHy iH(popMaiiito
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3 moniepenHix MoMeHTiB. [loennanus 1D-CNN ta mepexi LSTM nae 3mory cuctemi
IIBUAKO aJaNTyBaTUCA O 3MIH CUTHAJIy Ta MiJBUILUTH TOYHICTHh PO3MI3HABAHHS.

Yactuna CNN cknamaeTscs 3 IBOX MOCTIIOBHUX 3TOPTKOBUX IIAPIiB Ta JBOX
mapiB rpymyBanHs. [llap rpymyBaHHsS BUKOPHCTOBYE MaKCHMaibHE 00'€THAHHS.
[Ticas HBOrO 3aCTOCOBYETHCS IMIAp BHUKIOYEHb. Mepexka LSTM cknagaerses 3
onHoro mapy LSTM Tta omgnoro mapy BukmodeHb. Hapemiri, BUXiJIHI JaHi
nepefaloThcsl y TMOBHO3B'SI3aHUMNA mmap s Kkiacudikamii.  ApXITeKTypa
HelpoMepexi 300pakeHa Ha pUCYHKY 1.12.

i Input ;

L

LSTM

4/B,/C/D E/ Classification:

Puc. 1.12. Moaens CNN LSTM [57]

HataceT mictuTh 90 aKyCTUYHHMX CUTHAJIIB, 3alMCAHUX B PEATBHUX yMOBax
cepenoBumia. Jleski 3amucu MICTWIM 3HAYHUK PIBEHb MIyMy ab0 TMOpOXKHI
CErMEHTH, TOMY BOHU Oy 00p0OJIeHI MUISIXOM BHJIAJICHHS IIIyMy 200 YaCTKOBOTO
BUJIAJICHHSI HU3bKOSAKICHUX ()parMeHTiB aynio3anuciB. PesympTatn kmacugikarii
3aMpOTIOHOBAHOTO METOIY OYIIH MOPIBHSHI 13 3BUYAHOIO 3rOPTKOBOIO HEHPOHHOIO

mepexero (CNN) Ta Mepexero JoBroTpuBanoi koporkodacHoi mam’sti (LSTM). 3a
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pe3ysibTaTaMi €KCIEPUMEHTIB Ha HAOOpl JaHUX MIABOAHUX CYJIEH, CepeaHs
TOYHICTh poOOTH Helpomepexi ckiana 92%, mo Ha 8% Bumie, Hixk y CNN, 1 Ha

15% Bue, Hix y LSTM.

Y poboti [58] Oyno 3ampomnoHOBaHO HOBY cHCTeMy Kiacu(ikarlii, IIo
noennye apxitektypy CNN 13 SOP aiig BuniieHHs: 4acOBUX KOPEISIiN Y 4acoBO-
YaCTOTHOMY  MPEJCTaBI€HHI  aKyCTUYHUX  CHUTHAJIB.  3rOPTKOBI  IIApH
BUKOPUCTOBYIOTHCSl JJII HABYAHHS JIOKAJIBHUX XapaKTEPUCTUK 32 JOMOMOTOIO
Habopy saepHux QuIbTpiB. Ha BXiJg MOJAOTHCS XapaKTEPUCTUKH, OTPUMAHI
nuisixom CQT. 3aMicTh MakCHManbHOTO TPYIyBaHHS 3alPOIIOHOBAHUN OMEPATOP
SOP no3Bosisie BUBYATH B3a€MO3B I3k MDK pi3HUMH  (iibTpamu  CNN,
BUKOPUCTOBYIOUM 4acoBy TpaekTopito o3Hak CNN a5 KOXKHOrO 4acTOTHOIO
nignianasony. Jns 30epe’keHHs YacTOTHUX BIAMIHHOCTEH KOPEIIOKYl O3HAKU
KOXXHOT ~ 9acTOTH  30epiraroTbCsi  OKpemo.  PesynapTaTé  00'€THYIOTBCH,
HOPMAJTI3YIOThCS 3a JIOTIOMOT'OF0 KBaJpaTHOTO KopeHs Ta L2-Hopmamizartii, micis
4yoro mojarThes Ha Softmax-kmacugikatop. Apxitekrypa Heiipomepexi CNN 3

rpynyBaHHSIM JAPYroro MOpsiAKy npencrsieHa B tTadmmii 1.1.

Tabmums 1.1. Apxitektypa Heiipomepexi CNN 3 rpymyBaHHSM JIpyroro
nopsiaky [58]

Softmax 5
Dense 1024
Morm. 4096
SOP 16x 16x% 16
Conv. 16x 16x 16
Conv.32x32x 8
CQT input (64x 64)

VY X011 eKcnepruMEHTIB BUKOPUCTOBYBAJIM JATACET, 10 MICTUTh aKyCTHUYHI1
CUTHAJIM, 3alKCcaHi 3a JJOMOMOTOI OJHOro rigpodona. I'iipodoH BCTaHOBIIOBAIU

Ha rmouHax 50 M, 70 M, 100 M, 150 m Ta 200 M mig piBHEM MoOps. 3amucu
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3MIACHIOBANM ISl M'SITH PI3HUX CYJEH, IO BIAPI3HSJIUCA 3a Barolo, po3Mipom,
KOHCTPYKI[IEI0O TBUHTA Ta CUCTEMOIO mpuBoay. Ilig yac KOKHOro 3amucy CyaHO
po3tamoByBajiocss Ha Biactadi Big -500 m go +500 m. PobGoty Helipomepexi
MOPIBHIOBAJIU 3 Pe3yJIbTaTaMU INIMOOKOT0 aBTOCHKOIepa Ta HEUPOMEPEKi TIMOOKOT
noBipu. OTpuMaHi pe3yJabTaTH OPOJEMOHCTPYBajiu, WIO0 3alpolOHOBaHa
Helipomepexka 3a0e3rnedye BHUCOKY TOUYHICTh Kiacudikallii, MepeBUIYIOUH

MOKA3HUKU 1HIIUX MOJeNeH moHaiMene Ha 8%.

1.7.2. ABTO€HKOAEPH

VY poborti [59] npencraBieHo KoonepaTUBHUN METO]| TNIMOOKOTO HABYAHHS,
10 MOETHYE TIUOOKY MEpEXKY TOBroTpuBaioi koporkodacHoi mam'sati (DLSTM) ta
ribokuit aBToenkoaep (DAE). Criouatky BukopuctoByeThest aBToeHkoep LSTM,
sakuii Hapuae mapu DLSTM. Ha npyromy erami naBueny moxaenb DLSTM ta
Softmax-kmacudikatop 3aCTOCOBYIOTH JJis Kiacudikaiii miaBogHuX mymis. biok-

CcXeMa METOAy HaBeJieHa Ha pUCYHKY 1.14.

|Ship Radiated Noise |

. Decoder ]
L LSTM Laye:

Imitialize

i Encoder LSTM Layer

..............................................

' Ship Radiated Noise |

Puc. 1.14. BinoOpkxeHHa poOOTH KOOTIEPATHBHOTO METOY TITHOOKOTO
HaB4yaHHs [59]

[TepeBipKy 3ampoOrOHOBAaHOTO METOY 3A1MCHIOBAIN Ha JaTACETI, III0 MICTUTH
peasnbHi 3aluCy MiABOAHUX 3BYKIB MACaXXUPChKUX Ta BAHTAXKHUX CYJICH, a TaKOXK

(hoHOBUI 1ITyM. 3alTpONIOHOBAHUIN METO/I MTOPIBHIOBAJIHU 3 TIIMOOKUM aBTOCHKOJEPOM
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(DAE) Ta rmu0Ooko1o Mepekero JOBroTpuBaioi koporkodacHoi mam’sati (DLSTM).

OTtpuMani pe3ynbTaTH 3aCBIAYUIN HAMBUIILY TOUHICTh KJIacH(IKallii, 110 CTAHOBHJIA

90%.

VY po6oti [60] aBTOp 3amponoHyBaB MOJENb CKJIAIEHOTO PO3PIIKEHOrOo
aBroeHkoziepa (SSAE), ska BKIIOYAaE KUIbKAa MPUXOBAHUX IIAPIB PO3PIIKEHOTO
aBTOeHKoziepa Ta Softmax-kimacudikatop. Po3pimkeHuidl aBTOCHKOAEP 103BOJISIE
dbopMyBaTH pPO3piJKEHE MPEACTABICHHS MOYaTKOBUX JaHWX. JIJIsi TOKpamieHHs
JTUCKPUMIHAIIMHUX XapaKTePUCTHK 3alPOITIOHOBAHO BUKOPUCTAHHS 0araTonapoBoi
ctpykrypu SSAE, mo Oyayerbes muissxoM 00’ €HAHHS BXIJIHOTO Ta MPUXOBAHOTO
IapiB poO3piAKEHOT0 aBTOEHKOo/Aepa moeTanHo. llpu mpoMy mapu gexomepa s
KO)KHOTO OKPEMOTO pO3PIIKEHOr0 aBTOSHKOJAEpa BHUAANSIOTHCA. Mojenb

HelipoMepexi SSA 300pakena Ha pucynky 1.15.

~ e fexme \ S—P P(y=jla")
— LACKH) Idaluic \v.
kl_- J N\
e [ P ply=k|a'")
T -’
41‘ N\
gt L > py=Illa")

Puc. 1.15. Bigo6paxxenns HeipomepexeBoi mozaeni SSAE [60]

JlaTaceT MICTHB 3amMCH, OTPMMaHi Ha pi3HUX rMuOWHaX. Ha BXix mogaBamu
CIEKTpaJIbHI Ta BEHBJIET-TPE/ICTABIICHHS CUTHAJIB. Pe3ynmbTaTéi moOpiBHIOBANU 3
MEpEeXer0 TIMOOKOT JOBIpM Ta METOJAOM OIOPHHX BEKTOPIB. 3alpOIOHOBAHUN
METOJ] MPOJAEMOHCTPYBAaB HAWBHUIIY TOYHICTh Kiacudikaiii, mo cranoBuia 92%.

[linxin BHSBHBCS CTIMKUM 70 3MIH IIIyMy Ta JO3BOJIMB TOKPAIIMTH 3arajibHi
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XapaKTEepUCTUKU HeHpoMepexi, 3a0e3medyroud BHCOKI PEe3ylbTaTH 3a PI3HUX

CIIBBIHOIIEHb CUTHAJ/IITYM.

VY pobGoti [61] 3aponOHOBAaHO METOJI HEMPOMEPEKEBOIO cemnapadebHOro
3rOPTKOBOr'0 aBTOEHKOZIEpa. Mozenb CKIIaAaeThCs 3 MEPEXK] EHKO/Iepa Ta JEKOepa,
ne MoaudikoBaHa Bepcis Xception BUKOPUCTOBYETHCA SIK OCHOBA ISl €HKOJEpa.
OcHOBHa KOHUENIIS 3alpONOHOBAHOI AapXITEKTypH TMOJSIrae y poO3JUIeHHI
MDKKAHAJIbHUX Ta MPOCTOPOBUX KOpENSIid y KapTrax o3Hak. Takuil migxin
nigBuIlye eQEeKTUBHICTh HaBUYaHHA HEWpOMepex i Ta TOKpaIlye TOYHICTb
kinacudikamii. ¥ koxkHOMY OJIOII Ta IIapl BU3HAYEHO KUIBKICTh (QUIBTPIB 1 IXHIN

po3mip. Y piHaIIbHOMY IIapi BUKOPUCTOBYEThCS Softmax-kinacudikarop.

Meron IpyHTYEThCS Ha PO3AUIBHINA 3ropTii Mo MHMOUHI, fKka nepeadadae
BUKOHAHHS IMPOCTOPOBOI 3TOPTKU OKPEMO JJI KOKHOTO KaHATy BX1HOTO CUTHATY.

ApxiTekTypa HelipoMepexi mpeacTaBieHa B Tabmuii 1.2,

Tabauus 1.2. lapu cenapaGenbHOIo 3ropTKOBOr0 aBTOeHKOoAepa [61]

Layer Type Configuration

Encoder

Convolution + BatchNorm Filters: 64 = (3 = 3), RelLU
Convolution <+ BatchMNorm Filters: 64 = (3 = 3), RelU
Xception Block Filter: 128

Xeeption Block Filters: 256

4 » Middle Block

RelU

Xeeption Block Filters: 256
SeperableConv Block Filters: 256
SeperableConv Block Filters: 256

slobalAvgPooling
Fully connected

10 units; Softimax classifier

Decoder

Upsampling Factor: 4 = 4

Convolution + BatchMNorm Filters: 128 = (3 = 3], RelLll
Upsampling Factor: 3 = 4

Convolution + BatchMNorm Filters: 64 = (3 = 3), RellU
Upsampling Factor: 2 = 2

Convolution + BatchNorm Filters: 32 x (3 x= 3), ReLU

Upsampling Factor: 2 = 2

Convolution Filters: 1 = (3 = 3), ReLU

JlaTaceT MiCTUTh MOHAT 47 TOAWH PEAIbHHUX IIIBOJHUX 3aIMMUCIB, OTPUMAHUX
Bi1 265 cyneH, 1110 HaJIe)KaTh JI0 YOTHPHOX PI3HUX KJIAcCiB. 3alUCH OXOTUTIOIOTH Pi3HI

MOpY POKY, YMOBH MOpsl Ta PiBHI 1Iymy. BXigHi naHi mpeacTaBieHl y 4acoBO-
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4acTOTHOMY (opMarti y BUIJISAI 300pakeHb, IO BKIIOYAIOTh KEICTP, MeEIl-
CHEKTPOrpamMy, MeI-4aCTOTHI KeNCTpaidbHI KOe()IIl€eHTH, TaMMaTOH-YaCTOTHI
CHEKTpalibH1 KOEQIIIEHTH Ta BeMBIET-akeTH. MeToa MOPIBHIOBAIU 3 IHIIUMHU
MOJICNIIMH, TAKUMH SIK METOJ] ONOPHUX BEKTOPIB (SVM), anroputm k-HaiOmmxunx
cyciniB (KNN), naiBHuii 6aiteciBcrkuii knacugikarop (Naive Bayes), BunaaxoBuit
mic (RF), rnmuboka neliponna mepexka (DNN) Ta 3ropTkoBa HeWpoOHHA Mepexa
(CNN). 3ampomnoHoBaHa MOJENb JOCATNIa TOYHOCTI 77% mpu BUKOPUCTAHHI
nepeTBopeHHsi 3 mnocTidHuM (. Bucoka THYYKICTh HEWpOMEpPEeki JI03BOJIAE
3aCTOCOBYBATH ii /Il Kilacuikallii BETUKHUX 1 pI3HOMAHITHUX HAOOPIB aKyCTUUHHUX
CUTHAJIIB Yy pealbHUX YMOBax, 3a0€3Meuyrodyd BIJHOCHO BHCOKY TOYHICTb

PE3yNbTATIB.

1.7.3. BararomapoBi nepcenTpoHu

Y pobGoti [62] 3ampomoHOBAaHO IMAXiJ, IO TOEIHYE OaraTOIIaApOBUIA
nepcentpod (MLP) Ta aBToeHKOIEp HA OCHOBI 00MEKeHOi MamHu BosbiMaHa.
MeTo1 BUKOPUCTOBYE HOPMAaTI30BaHUH YaCTOTHUH CIIEKTpP CUTHAITY SIK BXiTHI JdaHi,
3aCTOCOBY€ KOJIYBaJbHMK Ha 0a3l oOMmexeHoi MamuHu bonbliMaHa s
aBTOMATHUYHOTO KOJYBAaHHS Ta IOCIIJOBHOTO BUTSATHCHHS TJIMOOKOI CTPYKTYpPH
nanux. OTpuMaHi O3HAaKM KIACU(IKYIOTbCS 3a JOMOMOTOI0 OararomapoBoi
HEHpPOHHOT Mepexi. Y  JOCIDKeHHI BHUKOPHUCTOBYBAaBCS  M'SITHIIIAPOBHIA
MEePCENTPOH, HABYCHWH  METOJOM  3BOPOTHOTO  IOIIUPEHHS  TOMMIIOK.
ExcniepuMmenTanpHe TeCTYBaHHS IMPOBOIMIIOCS Ha IBOX HA0Opax JaHMX, 3aITUCAHUX
y pealbHUX yMOBax Ha PI3HUX IIMOMHAX, A€ METOJ IPOJIEMOHCTPYBAB CEPEIHIO

TOUYHICTh Kiacudikaiii Ha piBai 93%.

Y  pobori [63] 3anmponoHOBaHO BHUKOPHCTAaHHS 0araToniapoBOTO
MEepPCENTpPOHa, HABUYAHHS SKOTO 3IMCHIOETHCA 3a JIOMOMOIOK0 aJrOPUTMY POIO
cajbIiB. 3arajoMm, LI TUI HEUpoMepexi JAEMOHCTPYE BHCOKY €(PEKTUBHICTH Y
3MIHHOMY CEpEelIOBHUIlll, MpOTe WOro TOYHICTh KiIacudikaiii Moxe OyTu

HeCTaOUIbHOI0, a MPOLIEC HABYAHHS 1HO1 MPU3BOAUTH J10 3aCTPSTAHHS Y JIOKAITBHUX
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MiHiMyMax. JlJig BUpilIeHHS IUX MNpoOsieM OyJ0 BUKOPUCTAHO aJTOPUTM POIO
CaJbIIIB, SIKUI MOKpaIllye MPOIEC ONTUMI3aIlll Ta MIABUIIYE HAIMHICTh HABYAHHS.

ApxiTeKkTypa HelipoMepexi npeicTaBieHa Ha pucyHky 1.16.

X II YT

L2 11l Rl

Puc. 1.16. ApxiTekTypa OaraTomapoBoro nepcentpona [63]

VY mociipKeHHI 3aCTOCOBYBABCS TPhOXIIIAPOBUH MIEPCEITPOH, IO MPAIIOBaB
i3 BXIIHUMH JaHWMH Yy BUIVISAI BEKTOpPa MEI-YaCTOTHUX KEICTPaIbHHX
Koe(iIieHTIB, MO CIPHUSIO 3MEHIICHHIO PO3MIpHOCTI o3Hak. Ilix yac TecTyBaHHS
IILOTO TIIXOy BUKOPHUCTOBYBAJIWCS JaHI 3 PI3HUMU PIBHSAMH BITHOIICHHS
curHan/mym. IlpoBeneHe TOpIBHAHHS 3 IHIIMMH METOJAaMHU  HaBYaHHS
HeHpoMepeki MoKasao, M0 3alpONOHOBAHUN MIAXid JOCAT HAWBUINOI TOYHOCTI

knacudikarii, sika ckmnana 97%.

1.8. Heiipomepe:ki 1J1s1 npuayIeHHA IyMiB

Crattst [64] nmpeacraBiisie CKIaJHy CHCTEMY IIYMO3ariyIIeHHs, CIeiaabHO
po3pobsieHy /s BUpimieHHS npobiem migBoaHoro (gonoBoro mymy (UWAN) B
AKyCTUYHHMX CUTHaJIaX. Y MEHTPI IbOTO JOCIIHKEHHS JISKUTh apxiTekTtypa GAN,
KA YHIKAJIbHO IHTETPYE K aMIUTITYyIHUH, TaK 1 ()a30BUN CHEKTPHU 3 MPEACTABICHb
STFT migBogHuX  aKycTHYHWUX  curHamiB  [65]. Tpamumiiiai  Meronn

IIyMO3aryIylIeHHs, TaKl sIKk CTAaTUCTUYHI METOAM, Hanpukia, QuibTpaiis Binepa,
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a00 anropuTMHM Ha OCHOBI BEWBJETIB, YacTO CTUKAIOThCA 3 3aJMIIKOBUMU
apredakTaMu, My3UUYHUM IIyMOM ab00 OOMEKEHOI €(EeKTHUBHICTIO MPU HU3BKUX
cniBinHomeHHsAx SNR. binbmie Toro, mi TpaauiiiiiHi METOAM 4YacTO ITHOPYIOTh
(a30BUIi KOMITIOHEHT aKyCTMUHUX CHUTHAJiB, SIKHUWA BIAICPA€ KPUTUUYHY pPOJb Y
30epexkeHHl skocTi 3BYKYy. [1[o6 BupimuTH 11 OOMEXEHHS, JOCITIIKEHHS
npeactaBisie UWAR-GAN, ymoBHy GAN (cGAN) cuctemy, npu3HayeHy st
IIYMO3arJIylIeHHS MiIBOJJHUX CUTHAIIIB, 30€pirarouu Npu I[bOMY OCHOBHI1 aKyCTHYHI

XApPaKTCPUCTHUKMU.

Apxitektypa UWAR-GAN ckianaerbest 3 reHeparopa Ha ocHoBl U-net i
auckpuminaropa PattchGAN. T'eneparop BHKOPHCTOBYE CTPYKTYpY €HKOjepa-
JieKoJiepa 3 MPOIYCKHUMU 3'€THAHHSAMM, 110 J103BOJIsSIE 30epiraTu ApiOHI AeTani 3
BXIJIHOT'O IIyMOBOT'O CIIEKTPOTPaMH, OJHOYACHO HABUYAIOUHCh PEKOHCTPYIOBATH
gucTi Bepcii. Ha BiqMiHy Bix 0aratbox TpaauiiiHuX miaxo/iB Ha ocHOBI GAN, siki
30Cepe/KYIOThCs e Ha amiutityagHomy crnekrpi, UWAR-GAN Bkiouae sik
aMIUTITYAHUH, Tak 1 (a30BHil CHOEKTpW, 1[0 3HAYHO TMIOKpAIlye SKICTh
pPEKOHCTpyHOBaHOTO 3BYKY. JluMckpuMiHaTop, peanizoBanuii y ctuii PatchGAN,
OI[IHIOE MEHII JUISHKH 3TeHEPOBAHOTO BHUXOJYy, IO JIO3BOJIIE MOIEIHI
30CEpeIUTUCS Ha JIOKAJbHIM CHEKTpaldbHIA Y3rO/HKEHOCTI, a HE JHIIe Ha

rJ1o0aJIbHUX MIa0JIOHAX.

Kputnuaum BHECKOM I1i€l MoJieli € BKIIFOUEHHs (YHKIIT BTpaT KOPEAIlii,
sKa 3a0e3mevye BUCOKY KOPEJSIIiI0 BUXITHOTO CIIEKTPOTPAMH 3 YACTUM €TaJOHOM
AK 3a aMIUNTYAHUMH, Tak 1 3a (aszoBumu Bumipamu. Ll BTpata 0co6iMBO
edexkTrBHA y 30€peKeHH]1 TOHATFHUX KOMIIOHEHTIB 3BYKiB KOpaOeIbHUX JIBUTYHIB,
HaBiTh y cepenoBUmax 3 Ayxe HU3bkuM SNR. @DyHKIL BTpaT MOETHYE
azBepcapianbHy BTpary, L1 BTpaTy peKOHCTPYKIIii Ta BTpaTy KOpEJsIlii, e KOXKEeH
KOMITOHEHT TOYHO HaJalllTOBaHW 3 TIEBHHUMH BaramMu [Uisi OallaHCyBaHHS
aZBepcapiadbHOI TOYHOCTI, MIKCENBHOTO PIBHS TOYHOCTI Ta CIEKTPaIbHOI

Y3TOJIKEHOCTI.
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HaGip nanux, BUKOpUCTaHUM [l HABUAHHS Ta OLIIHKU, BKJIIOYAE SIK peajibHi,
TaKk 1 3MOJENbOBAHI MIABOAHI aKyCTUYHI 3alMCH, 110 OXOIUIIOIOTH Pi3HI YMOBHU
HaBKOJIMIIIHBOTO  IIYMY, BKJIOYAIOYM JIOUI, XBWUJlI Ta TypOYJICHTHICTD.
[lepetBopenns STFT 3acToCOBYy€eTbCS 10 CUPUX ayA10CUTHAIIB JUIsl IEPETBOPEHHS
iX y 4acoBO-4aCTOTHI MpeACTaBI€HHS, Kl MOTIM moaaroTecsi Y GAN cucrtemy.
Yepe3 wuyucieHHl eKkcnepuMeHTH Ta nopiBHsuibHMM aHaniz UWAR-GAN
JIEMOHCTPY€E 3HaYH1 MOKPAIIEHHS MOPIBHAHO 3 0a30BUMU MeToAaMu. MeTpHKH, Taki
sk SNR, Structural Similarity Index (SSIM), Mean Opinion Score (MOS) Ta
RMSE, mninkpecniooTh HaJidHICT Ta eQeKTUBHICTH Mozem. [lopiBHSHO 3
Tpaauiiiaum metoaom ¢inerpanii Binepa, UWAR-GAN nocsarae mokpaiieHHs
SNR Ha 45.1%, 306unbmenns SSIM na 40.7% Ta aHamoOriuHO BpaKarOUUX
pesynapTatieB 'y MOS Tta RMSE. Hagite y mopiBHSHHI 3 I1HIIMMU CHUCTEMaMH
mrymo3arnymeHHs Ha ocHoBi GAN, UWAR-GAN mnoka3ye crabinbHy nepesary,

0CcOo0JMBO y CKIIaqHuX yMoBax 3 HU3bkuM SNR, Takux sk -10 nb.

JlocmipKeHHsI TTAKPECIOE, 10 BKIIFOUEeHHS (a30Bo1 iHGOpMaIlii He € TPOCTO
IOJATKOBHUM, a4 € HEBII'€MHOI YaCTHHOIO JOCSTHEHHS BHUCOKOSKICHOT
PEKOHCTPYKIii 3BYyKy. be3 30epexxeHHs ¢a3u ACHON30BaHI CHUTHAIM YacTo
CTPaXIAIOTh BiJl TOHAIBHUX HEBIAMOBIIHOCTEH Ta YyTHUX CIIOTBOPEHb. KpiM ToTO,
JOCITIJDKEHHSI TIIKPECIIOE 3HAUCHHS aJIBepcapiajbHOI KOPEIAIiHOT BTpATH, SIKa €
KJIFOUOBMM KOMITIOHEHTOM Y BIOCKOHAJEHHI 3JaTHOCTI MEPeXi BITOKPEMIIOBATH

TOHAJIbHI 3BYKU KOpaOeIbHUX ABUTYHIB Bil (HOHOBOTO IITyMY.

Ha 3akinuenns, UWAR-GAN mpencraBnsie 3HayHUWA TPOPUB Y
[IyMO3aridylmieHHl TIABOJAHUX AaKyCTUYHUX CHUTHAJIB, TMOEIHYIOUM HaAINHY
apXITeKTYpHY KOHCTPYKIIIO 3 IHHOBaIIMHUMHU (PYHKI[ISIMA BTpaT Ta BCEOIYHUM
00pOOJEHHSIM SK aMILTITYJHOTO, Tak i (pazoBoro cnektpiB. Llsg poboTta HEe TUTBKH
CTBOPIOE TOTY)KHHM IHCTPYMEHT JIA aHali3y IIyMy MiJBOAHUX CYACH, aie WU
3aKjIala€ OCHOBY JUIsi MaWOYTHIX MOCHIIKEHb y pealbHOMY daci 3aCTOCYBaHb

IIyMO3aryIylIeHHS B MOPCHKOMY CE€PEAOBUIILL.
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Crarrs [66] npeacrasiisie nepea0BUil MiIXi A0 3HIKEHHS IIYMY MiABOIHUX
AKyCTUYHMX CHUTHAIIB, BHUPINIYIOYM OOMEXEHHS TpaJuLIMHUX METOAIB
IIYMO3ariylIeHHs B CKJIAIHUX 1 JMHAMIYHUX MOPCBKHX cepeoBuiax. Tpaauiiiiai
MIIXO/IU, TaKi SIK BEWBIIET-IEKOMIIO3UIIIS, eMIIpUYHAa MOJOBa JEKOMIIO3UIlIS Ta
CTaTHUCTHYHA (LUIBTpALlisl, YACTO HE CHPABIAIOTHCSA 3 HECTAOUIbHOIO MPHUPOIOI0
M1ABOJAHOIO IIYMY, SIKMI MOKe 3HAYHO 3MIHIOBATHUCS Yepe3 010JI0TUHY aKTUBHICTb,
3MIHHI OKEaHIYHI yMOBHM Ta MeXaHiyHl mnepemkoau. Lli Tpaguuiiini mertonu
3a3BUYall TMOKIAJAIOTHCS HA PYYHE BHIAUICHHS O3HAK Ta IOMEPEeIHbO 3ajaHi
NPUITYIICHHS TIOJ0 XapaKTEPUCTHK IIIyMy, IO TPH3BOAWTH JIO 3HIKEHHS
NPOJAYKTUBHOCTI B HemependadyBaHux ymoBax. LIlo0 momonmatv 11i HEIOJIKH,
nocaimkends npeactasise apxirektypy Fully Convolutional Encoder-Decoder
Neural Network (FCEDN) na ocHOBI ITHOOKOr0 HaBUaHHS, 3JaTHY HaBYATHCS
BUCOKOPIBHEBUM O3HAaKaM O0e€3MocepelHbO 3 YacOBO-YACTOTHUX MPEJICTABICHb
MiIBOHUX aKyCTUYHUX CUTHANIB. Y IIEHTP1 3alpPOIOHOBAHOTO METOAY JIEKHUTh
NEPETBOPEHHSI aKyCTUYHUX XBUJIb y YacoBiil 00JacTi B BEWBIET-CIIEKTPOTpaMu
HU3bKOYACTOTHOrO aHamizy. Ha BiAMIHY BiJ CTaHZapTHUX YacOBO-YaCTOTHUX
NEepPETBOPEHb, TaKUX SK KOopoTkoyacHe neperBopeHHsi Dyp'e (STFT), BeiliBuert-
miaxig  3a0e3medye  OUTBII  aJaTUBHE YacOBO-YaCTOTHE  IPEICTaBIICHHS,
3aXOIUTIOIYM K JpiOHI JeTaji, TaK 1 IIMPIIl TEHACHII CHUTHAIYy B PI3HUX
JacTOTHUX Jiana3oHax. lle meperBopeHHs 3a0e3mnedye 30epekeHHS KPUTHUYHHX
MiABOJHUX O3HAK CHUTHATY, TaKWX SK TapMOHIKM JBUTYHAa Kopabmns abo iHIi
TOHAJIbHI KOMITIOHEHTH, I/l Yac MmomnepenHboi o0poOku. CHeKTporpaMu Ciay>KaTb
Bxignumu aanuMu s FCEDN, ne eram eHkogepa CTHCKae BUCOKOBHMIPHI JIaHi
CIEKTPOTpaMu B HU3bKOBUMIPHE MPEACTABICHHS O3HaK. EHKOJEp BUKOPHCTOBYE
KOHBOJTIOIIMHI TIIApHU 3 PI3HUMU PO3MipaMu sSAep JUTsl BUUICHHS SIK JIOKAJTbHUX, TaK
1 TI00ANBHUX O3HAK 31 CIEKTPOTpaMu, JO3BOJISIIOUN MEPEKi HABYATHUCS CKIIQTHAM
B3a€EMO3B'I3KaM MDK IIyMOM 1 YHCTHMH curHajdamu. Etanm nmekomepa moTim
BITHOBJTIOE YHCTY CIIEKTPOTpaMy 3 3aKOJO0BaHOI KapTH O3HAK 3a JOMOMOTOIO
TPAHCTIOHOBAHUX KOHBOJIOIIMHUX MIAP1B, sIK1 30UIBIIYIOTH AaHI 10 1X MOYaTKOBUX

po3mipiB. Ll cTpykTypa m03BOJIsIE MEpekKi €PEKTUBHO HABYATUCS Ta 3BOPOTHHO
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BIITBOPIOBATU MPOIEC CHOTBOPEHHS LIyMY, 30€piraroud CTPYKTYpHY LLUIICHICTb
curHainy. BaxmuBo, mo au3aliH eHKojepa-JeKojiepa yHUKae 1HQOpMAIIHOTO

BY3bKOIO MiCL, $IK€ YacTO 3YyCTpPIYaeTbcs B MPOCTIMIHMX APXITEKTypax

ABTOCHKOJZCpaA.
Input P (predictor) U (updater) DUC_DM- Ouipat Encoder Decoder
; N N BN
E (even -+ Detail B B
sampling) signal
Wavelet low I Relu Relu Rely - llnlp;\m’d
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anulysis
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UNCErWALE! e— Spectrogram  —— g oo
nvo- . - .
acoustic signal l\:llm:m:al " Cony Cony Cony
encoder-
Inverse decoder
spectrogram neural
Clean transform Output MW ork Output
underwater G Spectrogram e

acoustic signal

Input -

Puc. 1.17. Apxitektypa Heiipomepexi FCEDN [66]

Mogens TakoX BBOJIWTH IMAXIJ HAa OCHOB1 BIIOOpa)X€HHS, 3aMIHIOIOYH
TpaauIliiHI MeTOAN MacKyBaHHS. LIs cTpareris BimoOpakeHHS MIABUIIYE 31aTHICTh
FCEDN 1o y3aranpHeHHS PI3HHX THUIIB ITyMy Oe3 TOKJIaJaHHS Ha (IKCOBaHI
npunymeHHs moao po3noaury mymy. HaBuanus FCEDN Bkiarowae MiHIMI3ZaIlio
dbyHKIIT BTpaT, sKa OajJaHCye TOYHICTh PEKOHCTPYKII Ta CHEKTpaIbHYy
y3roJpkeHicTh. Habip maHuX, BUKOPUCTAHWM JUIsS HaBYaHHS, BKIIIOYAE 3pa3KH 3
Habopy nanux ShipsEar, BizioMoro miBOAHOTO aKyCTHYHOTO HAOOPYy JaHUX, IO
MICTUTh 3alUCH IIyMy, BHUIPOMIHIOBAHOTO KOPaOJIsMHU, B PIZHUX YMOBax
HABKOJIUIIHROTO CEpEeAOBHINA Ta piBHAX mymy. [lim 9yac HaBuaHHS Mepexa
HABYAETHCS  MIHIMI3yBaTH  PIBHUINIO  MDK  Tepen0adyeHUMU  YUCTUMU
CIIEKTpOrpaMaMu Ta iX BIIMOBITHUMH €TaJTOHHUMHU 3pa3kamu. Ontumizatop Adam
BUKOPUCTOBYETHCS ISl HAAIITYBAHHS TIAPAMETPIB MEPEXKi, a MOJIETTh HABUAETHCS
3a JIOMIOMOT OO0 MiHi-TIaKeTiB s mpuckopeHHs 301xHocTl. Oninka FCEDN nokasye
3HaYHI TOKpAIIEHHS B TMPOAYKTHBHOCTI IIyMO3ariymieHHsS TIOPIBHSHO 3
TPaJUIIHHUMU Ta Cy4aCHUMH IMIIX0JaMH IITHO0Koro HaBuaHHsA. OCHOBHI METPHKH,
taki sk SNR Ta macmraOHo-iHBapianTHe BigHomieHHs curHa/myMm (SI-SNR),

BUKOPHUCTOBYIOTBCSI JUIsl KUIBKICHOI OLIIHKHM €(EeKTUBHOCTI Mojeni. Pe3synpratu

70



nokasytTb, 110 FCEDN nocsrae 36unbmenns Ha 10,02 1b y SNR 1a 9,5 n1b y SI-
SNR, minkpecntoorouu ii 37aTHICTh BIAHOBJIIOBATH YHMCTI CUTHAJIM HABITH y JYXkKe
IIYMHUX yMoOBax. LI mokpanieHHs MOsSCHIOIOTHCA 3JaTHICTIO MEPEXKI 30epiraTu K
JIOKaJbHY, TaK 1 II00aJbHy KOHTEKCTHY 1HGOPMAIliI0 POTITOM YChOTO MPOIIECY
KOJIyBaHHsI Ta AekoayBaHHs. OnHiero 3 kiatouoBux cuwibHuX cropin FCEDN e ii
3[IaTHICTh CIPABIATUCA 3 JUHAMIYHUMHU IIYMOBHMH cepenoBuiiamu. Ha Binminy
BiJl TPaJAMI[IHHUX METOMAIB, SKI YacTO BHUMArarOTh MOBTOPHOTO HaBYaHHS a0o0
PYUYHOTO HaNalITyBaHHs NapameTpiB aisg HoBux yMoB mymy, FCEDN nemonctpye
CWIBHI 3JaTHOCTI 10 Yy3araJlbHEHHsS B pI3HUX MIIBOAHUX AaKyCTUYHHX
cepenoBuiax. Kpim Toro, moBHicTIO KOHBOJIOIIIIHA TPUPOAA MEPEXKI T03BOJISIE TH
00poOJSATH CUTHANM JAOBUIBHOI JOBXKHUHU 0€3 HEOOXiTHOCTI (PIKCOBAHUX PO3MIpPIB
BXIIHUX JaHUX, IO POOUTH ii Ty’Ke alaiTUBHOO JJII PEATbHOTO BUKOPUCTAHHSI B
cuctemMax miABoAHOro MoHiTopuHry. Ha 3akinuenns, FCEDN mpexacrasnse
3HAYHUW TPOPUB y 3HWKEHHI IIyMy TMIIBOJHUX aKyCTHUYHHUX CHUTHAIB.
BukopucroByroun  BEWBIETHI  4acOBO-YAaCTOTHI  NpEJCTaBlIeHHs,  Jg00pe
CTPYKTYpOBaHY apXIiTeKTypy €HKojJepa-IeKojepa Ta I1HHOBAIIMHUN MiaXia Ha
ocHoB1 BimoopaxkenHs, FCEDN ycmimHo nonae 6arato oOMeXeHb TpaaulliiHIX
METOJIiB IIyMO3araylIeHHs. 11 37aTHICTh e(eKTUBHO BiZOKPEMIIOBATH ILIYM Bij
IIJTLOBUX CHUTHAJIIB y PI3HUX IMJBOJHUX YMOBaX MIAKPECTIOE 11 MOTEHIAN s
3aCTOCYBaHHSI B MOPCBHKOMY CIIOCTEPEKEHHI, CHCTEMax IIiJIBOJJHOTO 3B'SI3KYy Ta

MOHITOPUHTY HaBKOJIMIITHBOTO CEPETOBHUIIA.

Crattst [67] mocmimpkye IHHOBAI[IHHUE MMiIXiT JO BHPINICHHS HETIHIHHOTO
ciinoro po3aineHHs mxepen (BSS) B migBoAHMX aKyCTUYHUX CEPEIAOBHINAX, JI€
IIyM, BUIMPOMIHIOBAaHUN KOpaOIsIMH, HYacTO CIOTBOPIOETHCA  CKIIATHUMU
HeniHITHUMEY epexTamu. Y MiABOJHUX YMOBAX CUTHAIH, 3aXOIUIEHI rigpodonamu,
3a3BUYail 3a0pyIHEH] ITyMOM, 110 TTOXOJUTH BiJl IPUPOJTHHUX JKEPEI, MEXaHIYHUX
BiOparriii Ta 6iomoriuHo1 akTUBHOCTI. L[i cOTBOpEeHHS T1Ie OUTBIIIE TTOCHITIOIOTHCS
e(exToM MOBITPAHUX OYIHOAIIOK, CTBOPEHUX TBUHTAMHU KOpaOIIiB, SIKI BBOASTH
3HA4H1 HEJIIHIHHOCTI B MPOIIeC aKyCTUYHOI nmpomnaraiii. Tpaauuiitai metoau BSS,

SIK1 B OCHOBHOMY NOKJIQJJalOThCSl HA JIIHIMHI MPUIMTYIIEHHS, HE MOXYTb €(DEKTUBHO
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PO3AUIATH L1 CUTHAJIU, OCOOJIMBO B MPUCYTHOCTI CUIIBHUX HEJIHIMHUX CIIOTBOPEHbD.
[1106 momonaTH 11 BUKJIMKH, TOCIIKEHHS npeacTasiste apxitektypy RANN, ska
inTerpye Bi-directional Long Short-Term Memory (Bi-LSTM) wmepexi 3
MeXaHI3MaMM yBaru JJis MOJIENIIOBaHHS SIK JIOKaJbHUX TUMYACOBHUX 3aJI€KHOCTEH,
Tak 1 rJ100aJbHUX KOHTEKCTYaJIbHUX B3a€MO3B'3KIB B aKYCTUYHUX CHUTHaNax. Y
nentpi RANN nexuts riOpuaHa HeWpoHHA apXiTeKTypa, NpU3HAuYeHA IS
BUPIIICHHS SIK THUMYAacOBHUX, TaK 1 CIEKTPAJbHUX CKJIAJHOCTEH MiABOJHUX
curHaniB. [llapu Bi-LSTM BianoBigaioTh 3a 3aXOIUIEHHS KOPOTKOCTPOKOBHX 1
JIOBIOCTPOKOBHX THMYACOBUX 3aJIeKHOCTEH, JO3BOJSIOUM MOJENl PO3YMITH
MOCJIIOBHI B3a€EMO3B'I3KM B 4aCOBiM 00JaCT1 CUTHAIY. ApXITEeKTypa Helpomepexi

RANN npencraBnena Ha pucyHnky 1.18.

Input
1:____

Multi-head Attention

L/

RANN
Layer

Layer Normalization

3

|

Puc. 1.18. Apxitektypa Heiipomeperxi RANN [67]
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Ha Binminy Bin crangaptaux LSTM, Bi-LSTM o00poOnsitoTh BXiIHY
MOCJIIIOBHICTh SK Yy HPsIMOMY, TaKk 1 B 3BOPOTHOMY HaIpsMKax, J103BOJISIOUN
MepeXi OJJHOYaCHO BHKOPHUCTOBYBAaTH KOHTEKCTHY 1H(GOpPMAIII0 3 MUHYJOIO Ta
MaioyTHboro. Ll nBoHampasiena oOpoOka ocoOIMBO €(EeKTHUBHA Yy BHUpILIEHHI
TUMYACOBUX HEOJHO3HAYHOCTEH Ta 13011111 KOMIIOHEHTIB CUTHAIY, CIIOTBOPEHUX
HeniHiiHUMU edekTamu nponaramii. JJonosHioroun mapu Bi-LSTM, mexanizm
0araToroioBoi yBaru BiJIMIHHO 3aXOILUTIOE IJ100aIbH1 3aJIEKHOCT1 B POCTOP1 O3HAK
CUTHAITy. MeXaHi3MU yBaru MpaIioTh, MPU3HAYAIOUN JUHAMIYHI Baru pPi3HUM
YacTUHAM BXIJHO1 MOCIJOBHOCTI, JO3BOJISIOYM MOJIEI1 30CEpPe/KYBATUCS Ha
HAWOUIbII PEIEBAHTHUX O3HaKaX, MIHIMI3YIOUM BILJIUB HEPEIECBAHTHOTO IIyMY.
Jlu3aitH 6aratoroyioBoi yBaru po3MIUPIOE IO MOXJIMBICTH, AO3BOJSIOYN MEPExKi
OJIHOYACHO 3BEpTaTH yBary Ha KuUTbKa IIJAMHOXKHH O3HAaK, KOXXHA 3 SKHX
00po0IIsIeThCST Yepe3 OKpemy rojioBy yBaru. lle 3abesmedye, mo Momenb MOXe
3aXOIUIIOBATH PI3HOMAHITHI IIaOJOHM Ta B3a€MO3B'I3KM B JIaHUX, HABITH Y
MPUCYTHOCTI HENHINHUX B3aeMmojii. Apxitektypa RANN ckiamaerbcs 3 JIBOX
mapiB peKypeHTHUX MOJYJIB yBaru, Ji¢ KoKeH MOJyJib noennye map Bi-LSTM,
miap 0araTorojioBOi yBaru Ta 3ajUIIKOBI 3'€IHAHHS Ui TOJIETHIEHHS IMOTOKY
I'PaJIIEHTIB Ta 3aMo0iraHHs 3HUKHEHHIO TPAJIEHTIB 1]l Yac HaBYaHHS. 3aJIUIIKOBI
3'€IHaHHS TaKOX JIOTIOMAararTh 30epiraT KpUTHYHI HU3BKOPIBHEB1 O3HAKH 4Yepes
o mapu. ITicis 1BoX peKypeHTHHX MOIYJ/IIB YBaru J0Aa€Thes (piHATBHUM Iap
LSTM nns yTOYHEHHS TPEACTABICHHS CUTHAIY Ta OTPUMAHHS BHXITHUX
po3ainenux curHamiB. s HaBuanHs Ta oniHkd RANN aBTOpM BUKOPHUCTOBYBAIH
HaOlp nmanux ShipsEar, skuii MICTUTP 3amuUcu WIYMy, BHUIIPOMIHIOBAaHOTO
kopabmssmu. Habip manux OyB HOMOBHEHWI AJIA IMITAIlli HEMIHIMHUX CIOTBOPEHb,
BUKJINKAHUX OynpOalikaMy, BUKOPUCTOBYIOUM MaTeMaTHYHI MOJEN, OTpUMaHi 3
piBasiHHSA Penes-Ilneccera Ta monenei moct-Heniniiaoro (PNL) 3mimyBanns. 11i
MOJIEJi IMITYIOTh B3a€EMOJIII0 aKyCTHYHUX XBHJIb 3 TMOBITPSHUMH OyJbOarikaMu,
3aXOIUTIOIOYM HEJIHIMHI Bapialii TUCKY Ta iX BIUIMB Ha oTpuMaHui curnain. Habip
naHux OyB pO3AUICHUM HA HaBYaIbHI, BajifalliiiHI Ta TECTOB1 MIAMHOXHWHHU Y

cuiBBigHOLIEHH] 7:1:2 nis 3a0e3neyeHHs HaA1MHOI OLIHKK HAa HEBUIMMUX JaHUX.
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[Tin yac mpouecy HaBUYaHHS MOJIeNIb ONTUMI3yBaja CIelialibHy (DYHKIIIO BTpaT,
BIIMBaJia HA cepeAHbOKBaApaTuuHy noMuiky (MSE), koedimieHTn kopenduii Ta
BiHOWIEHHs curHai/cnotBopeHHs (SDR). OnrtumizaTtop, BUKOpPUCTaHUN IJis
HaBuaHHs, OyB Adam, 1 moxenp OyJla TOYHO HaJIAIITOBaHA [JIsl 3amoOiraHHs
MepeHaBYaHHs yepes apy BiJICIBY Ta HOpMalizallii makeTiB. BXiqHi mociiIoBHOCTI
OyaM CerMeHTOBaHI Ha MEHIUI MaKEeTH, KOXKEH 3 SKUX CKJIagaBcad 3 (PIKCOBaHOI
KUTBKOCTI YaCOBUX KpOKIB, 3a0e3Meuyloud OOYMCIIOBAIbHY €(QEKTUBHICTh Ta
cTaOUTBH1 OHOBJICHHS TPAIEHTIB M1/ Yac HaBYaHHs. Pe3ynbTaTu OI[IHKU TTOKA3aJIH,
mo RANN 3HayHO mepeBepinye ICHYIOUl METOJIU IS MIABOJHOTO aKyCTUYHOTO
BSS, Bxrouaroum TpaauIliiHi JgiHiiMHI anroput™Mu BSS Ta iHII1 migxoau Ha OCHOBI
rMOOKOTO HaBYaHHS, Taki sK craHgaptHi mepexi LSTM Ta apxitexTypu
Transformer. Metpuku, Taki sK cepelHbokBaapaTnyHa nomuika (MSE),
koe(irieHT  Kopensii  Ta  BigHONIIEHHsS  curHai/cmotBopeHHs — (SDR),
BUKOPHUCTOBYBAIHUCS JIJI1 KUIBKICHOT OIIIHKKM MPOAYKTUBHOCTI Mozemi. RANN
JocsTIIa HIKYMX 3HadeHb MSE, BHIMX KoedIIi€eHTIB KOpEAlii Ta Kpalmx
noka3HukiB SDR MOpiBHSHO 3 KOHKYPYIOUMMH MOJENSMHU, MIAKPECTIOIYH i
€(EeKTUBHICTh Y TOYHOMY pPO3JUICHHI CIOTBOPEHUX CHUTHAIIB 3 HETIHIMHUX
cymimmeit. Ogniero 3 KrouoBUX cHIbHUX cTOopiH RANN e 11 31aTHICTh OamaHCcyBaTH
JIOKaJbHE BUIIICHHs 03HaK 4epe3 mapu Bi-LSTM Ta rino6anbHe KOHTEKCTyaTbHE
po3yMiHHS yepe3 OaratorosioBy ypary. Xouda Bi-LSTM BiZMIHHO MOJAENIOIOTh
TUMYACOBI IIa0JIOHM Ta 3aJIEKHOCTI B KOPOTKUX TMOCTIJOBHOCTSX, MEXaHI3M yBaru
KOMIICHCYE Tpo0sieMy e(GEeKTUBHOTO 3aXOIUICHHS JOBIOCTPOKOBI 3aJICKHOCTI.
Pazom mi kommonHeHTH mA03BOJISIIOTE RANN edekTuBHINE crpaBasTucs 3i
CKJIQJITHUMH, HECTaOUTbHUMH Ta HEIIHIMHUMH XapaKTePUCTHUKAMH IT1IBOJTHUX
aKyCTUYHHX CHTHAJIB, HIDK Tpaauiidai wmeroau. Ha 3akinuenHs, RANN
MPEICTABIIAE€ 3HAYHUN TPOPHUB Yy Taly31 HEMHIMHOTO CIINOTO PO3AUICHHS JKEPE
JUIS  TABOAHUX aKyCTHYHUX curHamiB. [loegnyrounm mapu Bi-LSTM  pis
THUMYaCOBOTO MOJICITIOBAaHHS Ta MEXaHI3MH 0aratorojoBOi yBaru JUisl BUTYUYEHHS
rinobansHOro KOoHTeKCTY, RANN mnpononye HanaiiiHe pilieHHS JJIsi PO3JAUICHHS

IIyMy, BUIPOMIHIOBAHOTO KOPAOIsAMH, y CKIAIHHX IiJBOJHUX CEpeJOBMINAX. i
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BHCOKA MTPOJYKTUBHICTb 32 KIJIbKOMa METPUKAMU OLIIHKU IEMOHCTPYE ii MOTEHI[1al
JUIsl peajibHUX 3aCTOCYBaHb y MIBOJIHOMY CIIOCTEPEXKEHHI, BUSIBJIEHH1 KOpaOJIiB Ta

cUcTeMax 0OpOOKU aKyCTUYHUX CUTHANIB.

[Minxig mo mrymo3ariylieHHss Ha OCHOBi crarTi [68] 3o0cepemkyerbes Ha
BUKOPUCTaHHI reHepaTuBHUX 3MaraiabHuX wMepex (GAN) s oduiieHHs
MIJIBOJHUX aKyCTUYHUX CUTHAIIB, 30KpeMa 3BYKIB JBUTYHIB KOpaOJiB, ILIIXOM
BuaicHHs QoHoBoro mymy. Cucrema HasuBaethest Ambient Noise-Free GAN
(AN-GAN), creriarioBana CTPYKTypa, po3poOjicHa IjIsi BUPILMICHHS MpoOJieM
myMHUX miaBoaHux cepenoBuil. GAN mo06pe miaXxoAsTh I 1bOTO 3aBJaHHS
3aBJISIKA CBOIH 37aTHOCTI T'€HEpPyBATH PEANICTUYHI PO3MOILTH JaHUX 3 IIYMHHUX
BxigHux cur”amiB. Apxitektypa AN-GAN ckimamaerbcsi 3 JBOX OCHOBHHX
KOMITIOHCHTIB: TEHepaTtopa Ta JUCKpUMiHATOpa. ['eHeparop € TIOBHICTIO
KOHBOJTFOI[IHHOIO MEPEKE0, SKa HABYAETHhCS CTBOPIOBATH YHWCTI ayJiOCHUTHAIU
IUISIXOM TEPETBOPECHHS IIYMHUX BXIIHMX CUTHAIIB. BiH mpairoe B 4YacoBid
00J1acTi, TEeHEPYIOYU BUXIJTHI CUTHAJIM, 10 IMITYIOTh OCHOBHY CTPYKTYPY UHCTHX
ayniocurHaiiB. JIuckpuMmiHaTOp, Mepeka Ha OCHOBI NaTYiB, OIIHIOE 111 BUXIAHI
CUTHAJIM, TIOPIBHIOIOYM iX 3 I[IYMHUMHU CHUTHaJIaMH. 3aMiCTh TOTO, 100
0e3rmocepeTHbO PO3PIZHATH YKHCTI Ta IIYMHI CUTHAJHU, TUCKPUMIHATOP MOPIBHIOE
BUMIPIOBaHHS (HANpPUKIAJA, IIYMOBI TMaTepHH) IS OIIIHKA aBTEHTUYHOCTI
3reHepoBaHoro aymio. Apxitektypa Heripomepexi AN-GAN mpexncraBieHa B

tabymmi 1.3.

Tabmumst 1.3. Apxitexrypa Heripomepexi AN-GAN [68]

Layer Qutput Shape Layer OQutput Shape

Input x or G(z) (b,16384,1) Input z -- Gaussian (-1,1) (b,100)
Conv1D (Stride=4) (b,4096,1) Dense (b,256)
LRelU (a = 0.2) (b,4096,1) Reshape (b,16,16)
Conv1D (Stride=4) (b,1024,2) RelU (b,16,16)
LRelU (x = 0.2) (b,1024,2) Trans ConvlD (Stride=4) (b,64,8)

ConvlD (Stride=4) (b,256,4) ?f_‘LU ConiD (Sisidet (E.ZS.SZ
LRelU (x = 0.2) (5,256,4) rans ConvlD (Stride=4) (b,256,4)

: el N ReLU (b,256,4)
Conv1D (Stride=4) {b’64":) Trans ConvlD (Stride=4) (6,1024,2)
LRelU (a = 0.2) (b,64,8) RelU (5,1024,2)
ConvlD (Stride=4) (b, l!?, l‘?) Trans Conv1D (Stride=4) (6,4096,1)
LRelU (a = 0.2) (b,16,16) ReLU (b,4096,1)
Reshape (b,256) Trans ConvlD (Stride=4) (b,16384,1)
Dense (b,16) Tanh (b,16384,1)
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AN-GAN BukopuctoBye nporec, HarxHeHHHIE AmbientGAN, ne reHepaTop
IMITy€e 4YHMCTE ayJi0, a IOTIM CIIOTBOPIOE HMOro 3a JIONOMOIOI0 MONEPEIHbO
BU3HA4YeHOi Mojeni mymy. Llell 3MonenboBaHUMN IIYMHUN CHTHAjd MOJAETHCS B
JUCKPUMIHATOP Pa3oM 13 peaibHUMU 3alllyMJIEHUMU CUTHaJIaMU. MeTa renepatopa
- CTBOPHUTH YHCTI ayJl0OCUTHAJH, CIIOTBOPEHI BepCii SIKUX HE BIIPI3HSIOTHCSA Bil
peaTpbHUX IIYMHUX BXIAHUX cUTHaNiB. HaBuaHHsS Mepexi BKIIOYAE 3MarajibHe
HaBYaHHS, JI€ TEHepaTop 1 MJUCKPUMIHATOP TIOCTYMOBO TOKPAIIYIOThCS,
3Maral4rch OAWH 3 ofHUM. Habip maHux, BAKOPUCTAHHUH Y IIbOMY JOCTiIKEHHI, -
e ShipsEar, sikuii MicTHTB 3alTUCH PI3HUX 3BYKIB JBUTYHIB KOpaOJIiB Ta (POHOBOTO
HiIBOJHOTO myMy. YHCTI CUTHAJIM OTPUMaH1 3 3aMuciB KOpabJiiB, U0 MPOXOASATh
no0nau3y, 3 MIHIMaJbHUM ()OHOBUM IIYMOM, TOJI SIK 3pa3ku (POHOBOTO IIyMy
3anucani He3anexHo. Li 3anucu nmonepenHbo 0OpOOISAIOTECS Ha ayniodparMeHTH
TPUBAIICTIO OJHY CEKYH]y, 100 3a0€3MeYnTH y3TrOoKeH1 PO3MIPH BXIAHUX JTaHUX
Juisi HaByaHHSA. ['eHeparop 1 OUCKPUMIHATOP ONTHMIZYIOTHCS 3a JOMOMOTOIO
METOJIB Ha OCHOBI1 Tpaji€HTIB, NPHUYOMY TE€HEpaTOop IMparHe MiHIMI3yBaTH
pPO30DKHICTH MDK CBOIM  BHUXOJAOM 1 CIIPaBXHIM  PO3MOALIIOM  JaHUX.
[IponyktuBHicth AN-GAN mnepeBipseTbcs 3a JOMOMOTOK  pealbHUX 1
3MOJICTbOBAHUX 3allyMJICHUX CHUTHANIB. Pe3ynbratu JIeMOHCTPYIOTh HOro
3MAaTHICT, TOKpamnryBatu BigHomieHHs curHain/mym (SNR) mopiBHsSHO 3
TPaIULIMHUMH  METOJlaMHU  IIyMO3AariylIeHHS, TaKUMH SIK  BEHWBJIETHE
nryMos3ariyiieHHs, (inprparis Binepa Ta emmipudHa MOJ0Ba JIEKOMITO3HITIA.
CrtpykTypa nocsirae cepenuboro nokpamerdass SNR na monan 6% mopiBHSHO 3
meronamu Ha ocHOBI GAN 1 3HaYHO MepeBepIrye TPATUITIHHI CTATUCTHYHI METO/IH,
0COOJIMBO B CIIEHApisX 3 BUCOKUM piBHeM 1mymy. lleit miaxinm Ha ocnoBi GAN
e(EeKTHBHO JIEMOHCTPYE TOTEHITIAN 3MarajlbHUX MEPEXK Y IIIyMO3ariylieHHi ayio,
0COOMMBO B CKJIAJHUX TMIABOJHUX CEPENOBUINAX, J€ OTPUMAHHSI UHUCTHX
HABYAJIbHUX JIAHUX HE € MPaKTUYHUM. BUKOPHCTOBYIOUM MapaaurMy 3mMarajibHOro
HapuaHHs, AN-GAN BHaeTbCs HABYMUTUCS HAIIMHUM TPEACTABICHHSIM YHCTHUX
ayalocuUTHaIIB Oe€3MocepeHh0 3 IIyMHHX HAOOpIB JaHUX, IO € 3HAYHUM

JOCSITHEHHSAM Y 00pOOIIl MiIBOJAHUX aKyCTUYHUX CUTHAJIIB.
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Cratts [69] - e Moenb Ha OCHOBI TJIMOOKOTO HABYAHHS, MPU3HAYCHA IS
3HIKEHHSI IIYMY B MiABOJHUX aKyCTUYHUX cuUrHajax. Bona Bupinrye npoGiaemy
PO3AUIEHHS UUIbOBUX CUTHAMIIB B ()OHOBOrO IyMY, BAKOPHCTOBYIOUH MEXaHI3M
00poOKH 3 TBOMA IIJITXaMH, SKHIA TPAIIOE€ B YaCOBUX 1 IPOCTOPOBUX BUMipax. Ls
apxiTekTypa 0a3yeTbcs Ha CHIBHUX CTOPOHAX PEKYPEHTHUX HEHPOHHHUX MEPExK
(RNN) s MoaentoBaHHs MOCIITOBHUX JaHUX 1 BBOAUTH 1HHOBAIT JjIsi 0OpOOKHU
SK JIOKJIBHUX, TaK 1 rI00aIbHUX 3alIe)kHOCTeH y curHaii. dpeitmBopk DPRNN
NOYMHAETHCA 3 (ha3W BUIUICHHA O3HAK, /€ OJHOBHMIpHA 3rOpTKOBa HEHpOHHA
mepexa (1D CNN) Buainsie 03HaK# BUIIOTO MOPSAIKY 3 CUPOTO BXiTHOTO CUTHAITY.
I{i o3HaKM CErMeHTYIOThCS Ha (DIKCOBaHI 3a JIOBKMHOIO YAaCTUHM, SIKI MOTIM
00'€ THYIOTBCS Y TPUBUMIPHHUH TeH30D. L{eit TeH30p CIIyKUTh BXITHUMHU JaHUMU JIJIS
DPRNN, no3Bonsitoun Mepeki oOpoONsiTH CUTHall y KEpOBaHUX CErMEHTaXx,
30epiratoun yacoBy cTpykTypy. OcHoBoro DPRNN € cTpateris 06poOku 3 1BOoMa
NUISIXaMH, SKa BKIIOYA€ BHYTPINIHIO Ta MDKYACTKOBY omepailii. BHyTpimHs
00po0OKa 30Ccepe/KYEThCSl HAa BUILICHHI JOKAJbHUX O3HAK Yy KOKHOMY CErMEHTI
BX1IHOro TeHzopa. lle mocsraerbcs 3a gomomororo nBoHarmpaBieHMX RNN, sxi
MOJICNTIOIOTh JIPIOHO3EPHUCTI YaCOB1 B3a€MO3B'A3KM B KOXKHOMY 4acTkoBi. ITicis
HE3JIe)KHOI 00pOOKM KOXKHOTO CerMEHTa, MDKYACTKOBa orepairis Oepe Ha cebe
3aXOIJICHHS TJIOOAJIBHUX 3aJICKHOCTEM MDK dacTkaMu. lleli Kpok BKiIoudae
onroOigHI RNN, sKi aHaNi3yIOTh, SK Pi3HI CErMEHTH CHUTHaJy IOB's3aH1 OJWH 3
OJTHUM, JTO3BOJISIFOUM MEPEXKi PEKOHCTPYIOBATH y3TOKEHE MPECTABICHHS BChOTO
curnany. [licis 06po6ku 3 nBoma nursixamu DPRNN 3actocoBye Hopmarizaiiito ta
3aJMIIKOBI 3'€IHAHHS A CTa0umi3amii mpollecy HaBYaHHSA Ta TOKPAIICHHS
HaBuYaHHS O3Hak. Lli 3amumikoBi 3'emHaHHS 3a0€3MeUyOTh €EKTUBHY IMepeaaqy
TPaJiEHTIB Il YaC HABYAHHS, IMOM'SKIIYIOYH MPOOJIEeMH, Taki SK 3HUKHEHHs a00
BHOYX rpaaieHTiB. OOp0OIICHI 03HAKHU TMOTIM IEPEIAI0THCS Yepe3 MOBHICTIO 3B'sA3aHi
mapu JIsl TIOJIajIbIIIOr0 YTOUYHEHHS BUBUYCHUX MPEACTABICHB. [ peKOHCTPyKIIil
OUHUIIICHOTO CHWTHAJTy Mepea BHUKOPHCTOBYE MEXaHI3M MEPEKPHUTTS-I0/IaBaHHS.
Leit MeTop arperye BUXIiJIHI JaHI OKPEMUX YacTOK, 3a0e3neuyroun Oe3nepepBHUi

nepexii MDK CerMeHTaMu Ta  30epirarodd  IUIICHICTh  ayJ10CHUTHANYy.
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PexoHcTpyiioBaHUM CUTHAI OI[IHIOETHCA 32 JIOMOMOTOI0 MeTpHK, Takux sk SNR Ta
MacmtaOHo-iHBapianTHe SNR (SI-SNR), ki OIIHIOIOTh 37aTHICTh MOJENI
MOKpaIllyBaTh SAKICTh LIJIbOBOTO CUTHANy, NpurHiuyroun ponoBuii mriym. DPRNN
OLIIHIOEThCS Ha HaOopi nanux ShipsEar, konekuii miBOAHMX ayAio3amuciB, L0
MICTSITh 3BYKHU JBUTYHIB KOpaOJIiB, 3MillIaHi 3 pisHUMHU (poHoBUMHU mrymamu. Habip
JaHUX monepeaHbo o0poOseTscss Ha MideHl 3pa3ku, 1 DPRNN nHaBuaeTbcs 3a
JOTIOMOTOI0  3aB/IaHb 3 PI3HUMHU PIBHSIMHU CKJIQJAHOCTI Iuymy. Pesynbratu
noka3yoTh, 10 DPRNN 3nauno nokpaintye SNR, nocsratoun nokpamiess 10 12,02
nb ta 9,48 nb y konkpetHux 3aBaaHHsax. L{i mokpaiieHHs MigKpecaoTh 31aTHICTh
MOJIeNIl  y3arajJbHIOBAaTH pI3HI PIBHI IMIyMy Ta MIATPUMYBAaTH HaJIdHY
MPOJYKTUBHICTh Y PEATICTHYHMX TMIABOJHUX cIlieHapisax. [loenHyroun CUIbHI
CTOPOHM OOpOOKHM 3 JBOMa IIIsIXaMU Ta PEKypeHTHHX apxitektyp, DPRNN
e(hEeKTUBHO BUPIIITYE TPOOJIEMHU 3HIKCHHS IITyMY T1JIBOJHUX aKyCTUYHUX CUTHAJIIB.
[i 3maTHICTP 3aXOIUTIOBATH SK JIOKAJbHI, TaK i IOOATBHI 3aJIEKHOCTI B CHTHAMI
poOUTh Ti TOTYXHUM IHCTPYMEHTOM JJisi 3aCTOCYBaHb IIIyMO3arjylIeHHS B

CKIIaJHUX CCPCAOBUIIIAX.

Y crarti [70] po3pobiena ajas mIyMo3ariyIIeHHs IiABOJHUX aKyCTHUYHHX
curHaiiB. Bona Bupimnye npuraMadHi Ipo0aeMu ITyMHUX CEPEIOBUIIL, TIOE€THYOUN
nepeBaru MEXaHi3MiB yBaru Ha OCHOBI1 TpaHC(OpPMEpPIB Ta JBOIUISAXOBOT 0OPOOKH.
Monenb CTpyKTypoBaHa Ui 3aXOIUICHHS SIK KOPOTKOCTPOKOBHX, TaK i
JIOBTOCTPOKOBHX 3JICKHOCTEH y CHTHAJI, MPOMOHYIOYH KOMIUIEKCHHUM MiAXiT 70

3HUKECHHS IIIyMY.

[Iponiec mouyMHAETHCS 3 MOMYJS BUIYYCHHS O3HAK, SIKUA BUKOPHCTOBYE
OJTHO-BUMIPHY 3TOPTKOBY HeiipoHHY Mepexy (ConvlD). Lleit Mmoxyss mepeTBoproe
CUpPUH CHUTHAJI y 4YacoBid 00JIacTi, IO MICTUTh SK IIUIBOBI, TaK 1 IIYMOBI
KOMITOHEHTH, Y BUCOKOBUMIpPHE TIPEICTABICHHS. BUIIy4eH1 03HAKM TTOTIM IUIATHCS
Ha MIIMOCTITIOBHOCTI (PIKCOBAHOI TIOBXKUHHU, SIKI pEOPTaHi3yIOThCS Y TPUBUMIPHUN
teHzop. lleli TeH30p cTae BXIAHUMHU JaHUMH JUIsI TIOJAJIBINOI JIBOILISIXOBOT

00pOoOKH.
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OcnoBna iHHOBaniss DPTN mnonsirae B ii IBONUISIXOBIA apXiTEKTypi, sKa
CKJIAJa€ThCsl 3 BHYTPIIIHbO-TpaHchopMmepa Ta MiKTpaHchopmepa. BHyTpimHbO-
TpaHchOopMep 30CEPEIKYETHCSI HA MOJEIIOBaHHI KOPOTKOCTPOKOBHUX 3aJI€KHOCTEN
y KOXKHIM MiAMOCTIAOBHOCTI, €PEKTUBHO 3aXOIUTIOI0YH JIOKAIbHI 11a0JI0OHU, Ha K1
BIUIMBae ImyM. Ha BigMiHYy BiI 1bOr0, MDKTpaHcpoOpMep TMpalie yepes
MIATOCIIOBHOCTI, BABYAIOYH JIOBFOCTPOKOBI 3aJIEKHOCTI1 Ta IN100abHI BIIHOCUHU
y curHaml. Takuil mOABIMHMM MiX1 103BOJISIE MEPEXi KOMIUIEKCHO 00po0JaTU
CUTHAJI, BUPILIYIOYH SIK JIOKAT130BaH1 COTBOPEHHS, TaK 1 MIUPII KOHTEKCTYaIbH1

HEBIAMOBIJHOCTI.

VY Onokax TpaHcopmepa MexaHI3M yBard BIAITpae BUPIIAIbHY pPOJIb.
Koxken map tpancdopmepa BKIOYaE 0araToroyioBy camoyBary, IO JI03BOJISE
MOJIEJTi OJTHOYACHO 3BEPTATH YBary Ha pi3Hi YaCTHHU MOCT1A0BHOCTI. Lleit MexaHizm
3abesreuye, 10 Mepexka 1IeHTU(IKY€E Ta MIAKPECTIOE 3HAUYIIl 03HAKU, TaKl K Ti,
110 MPECTABISIOTH [IUIbOBUI CUTHAJ, 3SMEHIIIYIOUH MPU [IbOMY KOMIIOHEHTH IIIyMY.
[To3wmrriiine KoayBaHHS A0IA€THCS IO BXITHUX O3HAK, 1100 HaaaTH iH(opMaIlito mpo
MOPSAIOK MOCTIAOBHOCTI, IO € KPUTHYHUM JJIsl TOYHOT'O MOJIEIIOBAHHS YaCOBHUX

BITHOCHH.

3anuIIkoBi 3'€AHAHHS Ta HOPMAJIi3allisl MIAPy 3aCTOCOBYIOTHCS MPOTITOM
OyiokiB TpaHchopmepa IS crabimizallii HaBYaHHS Ta TOKpAIIEHHS ITOTOKY
rpajieHTiB. Mepexa TakoX BKIIOYAE IAp MPSMOTO MPOXOMKEHHS B KOXKHOMY
TparcpopMepi, 10IaTKOBO YTOUHIOIOUM O3HAKH, BUIy4EHI MeXaHi3MoM yBaru. Lle
MO€THaHHA 0araTtorojoBOi yBaru, 3aJIMIIKOBOTO HAaBYaHHS Ta IIAPiB MPSMOTO
npoxokeHHs: 103Bossie DPTN edexkTuBHO 3aXOIUIOBaTH CKIAJHY JUHAMIKY

IIIBOJTHUX aKyCTHYHHUX CUTHAJIIB.

ITicnms oOpoOKM O3HAK Yepe3 JNBONLIIXOBHH TpaHCHOpPMEp, JTCHOM30BaHE
MpEACTAaBICHHS MepelaeTbcs A0 MOIynst pekoHcTpykuii. Ileit momynb
BUKOPUCTOBYE  TEXHIKY  MEPEKPUTTA-IOJABaHHsS, arperyroun  oOpoOJieH1
MIAMOCTIOBHOCTI JJIsl PEKOHCTPYKIIi1 MOBHOT JOBXUHU JEHOW30BAHOTO CUTHATY.

TpancnoHoBaHa 3ropTKOBa MeEpeka CIYXKUTh JEKOJAEPOM, MEPETBOPIOIOUU
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00po0JIeH1 03HAKHM HAa3aJ y MOYaTKOBY OOJACTh CUTHAIY, 30€pirarouv OUUILECHUM

UiIb0oBUM curHai. BinoOpaxenHns poOotu metony DPTN mpeacraBinena Ha

pucynky 1.19.

N Underwater Acoustic Sequence(Input)

L

Intra-chunk bi-directional RNN

+

T

BN

I

FC

I

BI-RNN

Intre-chunk RNN

1

$+ —

T

BN

A

EC

T

RNN

K overlap-add

Underwater Acoustic Sequence(Output)

Puc. 1.19. Bigoopaxenus podotu metoay DPTN [70]

[TponykruBnicTs DPTN ormiHIOETHCS 32 JoTIOMOroro HabopiB ganux ShipsEar
ta DeepShip, siki BKJIFOYaIOTh PI3HOMAHITHI MiABOAHI 3aMCH 3 PI3HUMHU PIBHIMU
mrymy. 3aBJaHHs pO3pO0JIeHi 3 MiJBUILCHOIO CKIIAIHICTIO JUIsl IEPEBIPKU CTIMKOCTI
MoOAEN Ta 3JaTHOCTI J0 Yy3arajJbHeHHs. Pe3yiapTaTd T1OKa3yloTh 3HAYHI
nokpamieHHs SNR ta macmtabro-inBapiantHoMmy SNR (SI-SNR), nemoncTpyroun
e()EeKTUBHICT, MOJICNII Y 3HIKECHHI IIyMy Ta TMOKpPAIIeHHI YITKOCTI I[LJIOBOTO

CUTHAILy.

[HTErpyIOUM MEXaHI3MU yBaru Ha OCHOBI TpaHC(HOPMEPIB 3 JABOLUISXOBOIO
00pobkoro, DPTN npencrasisie 3Ha4HUI MPOPUB Y NIYMO3ArIyIIEHH] MiABOTHUX
aKyCTMYHHX CHUTHAmiB. Ii 37aTHICTH 0OpOOHATH SIK KOPOTKOCTPOKOBi, TaK i
JIOBTOCTPOKOBI1 3aJIEKHOCTI, y TIOEHAHHI 3 HAIIWHUMH METOJIaMHU BUIYUYCHHS Ta
PEKOHCTPYKIIii 03HAK, pOOUTH i1 MOTYKHUM 1IHCTPYMEHTOM IS CKJIQJHUX 3aBJIaHb

SHUKCHHS IIYMY B BOOAHHUX CCPCIOBUIIAX.

80



1.9. OOrpynTryBaHHs BHOOpPY HeiipoMepex /Ui BUKOHAHHSl 3ajadi
aHaIi3y aKyCTMYHUX CUTHAJIIB BOJAHOI'0 CepeIOBHINA 3aJ1a4i aHAJII3Y

VY pobori [55] 3anpononoBanuii merog UATC-DenseNet OyB BUKOpUCTaHUI
uist kinacudikauii JaHux 13 pisHUME piBHsIMU SNR. ApxitexTypa 1i€i HeiipoMepexi
3laTHa 0O0pOOJATH BENMKI OOCSITM JaHUX Ta JEMOHCTPYE BHCOKY TOYHICTb
knacudikarii, oqHaK ii ePEeKTUBHICTh y CKJIAJIHUX YMOBAaX J0OcCiiKeHa He Oyina. Jlis
OTPUMAaHHSI MOBHIIIOT OIIIHKA HEOOXITHO NepeBIpUTH ii poOOTY Ha JaTacerTi,

3aMMCaHOMY B OUTBII BaplaTUBHUX 1 CKJIATHUX YMOBAX.

Meronq LOFAR-CNN 3anponoHoBaHui B CTarTi [52] ajis BUpIICHHS
npoOaeMu kiacudikailii JTaHUX 3 BUCOKUM 3HAUYEHHSIM CUTHAJI/IIIYM Ta MOXJIMBUX
po3puBiB y criektpi LOFAR. 3anponoHoBaHuii MeTO/I MOKa3aB BUCOKY TOYHICTh
knacudikarii, CTIMKICTh 1O JAHUX 3 HU3BKUM CITIBBITHOIIIEHHSM CHUTHAJ/IIyM Ta
MOJKJIUBICTh POOOTH 3 BEJIMKUM OOCATOM JITaHUX, aJieé B CTATTi HE OyJIO MPOBEIECHO
JOCIIIJDKEHHST POOOTH B CKJIaAHUX yMoBaxX. Y po0OoTi [53] maracer OyB Bpy4yHY
3MIHEHUH NUISIXOM BHJIAJICHHS NESIKUX HU3bKOSIKICHUX CHUTHANIB a00 4YacTHH
MOPOXKHIX CETMEHTIB CUTHANY BpyuHy. [lomiOHi1 11 HE TO3BOJISAIOTH TOBOPUTH MPO
MOBHICTIO aBTOMAaTH30BaHUM TpoIiec Kiacudikailii Ta He 103BOJISIIOTh BUOpATH 1eH
METO/I SIK MOXJIMBUH BapiaHT pillleHHs. 3apornoHoBaHa B po0oTi [53] apxiTekTypa
CNN+SOP Mmae BuCOKY 3[aTHICTh 1O y3arajibHEHHS, €(EKTHBHO MPAIIOIOYHU 3
JaHUMH, 3alMCaHUMH Ha pI3HUX TIHOMHAX Ta Ma€ CTIHKICTh 10 PI3HHX
CHBBIIHOIIEHb CUTHAJI/IITYM. 3alPOTIOHOBAHA apXITEKTypa Ma€ TapHi MOXKIMBOCTI
Ui poOOTH 3 BEIMKHUMH O0CATaMd JaHUX Ta IIOKa3ye€ BHCOKY TOYHICTh

kiacuikartii, o J03BOJIsIE BUOPATH 1€ PIIICHHS SIK OJTHE 3 MOYJIHBHX.

Y poGori [59] koomepaTuBHHMI METOJ TJIMOOKOTO HaBuYaHHS OyB
MPOTECTOBAHUY HA J1aTaceTi, 3alTMCAHOMY B CKJIQJHHUX Ta 3MIHHUX yMOBaX, MPOTE
HOT0 ePeKTUBHICTH MO0 JAHUX 13 PI3HUM CITIBBITHOIIIEHHSM CUTHAJI/TITyM He Oyia
BuBueHa. CemapaOenbHUIl 3TOPTKOBHM aBTOCHKOJEP 13 JOCHiKeHHs [61]

BIIMOBIZIa€ OLIBIIOCT] BU3HAYEHUX BUMOT, 32 BUHATKOM TOYHOCTI KjacHUikalii.
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JUis HOro mnojanblIoro BUKOPUCTaHHS HEOOXINHO MAOCHIAMTH MOKJIMBOCTI

MIJBUIIIEHHS TOYHOCTI Kiacugikarii.

ApxiTeKkTypa, 3amponoHOBaHa B poOoTi [58], HailOUIbLIE BIANOBIIAE
BU3HaUeHUM Kputepism. Hellpomepexka CkilajeHOro po3piizKeHOro aBTOEHKOIEpa
3a0e3nedye BUCOKY TOUHICTh Kiacugikalii, JeMOHCTpPY€e CTaOLIbHI PE3yIbTaTH Ha
pi3HUX MMOUHAX 1 pu 3MiH1 3HaYeHb SNR, a Takoxk 371aTHA €(pEKTUBHO MPaIIOBATH

3 BEJIMKHUMH 00CITraMu JaHHUX.

baratomapoBuii mepcenTpoH, HaBYCHHI 3a JOTMOMOTOI) aNTOPUTMY POIO
caibmiB [63], MpoaeMOHCTPYBaB XOPOIIll pe3yabTaTH JJjis pisHUX 3HaueHb SNR Ta
B YMOBaXx 3MiHHOTO cepenoBuiia. OHaK BUKOPUCTAHHI HAOIp JaHUX € 0OMEKEHUM
i CTBOPEHHMM Yy KOHTPOJHOBAaHMX YyMOBax, IO CTaBUTh TMiJ CYMHIB HOTO
e(eKTUBHICTh MpPU POOOTI 3 peadbHUMHU JaHuMu. Kpim TOro, 3ampornoHoBaHa
apxiTeKTypa He € TIIMOOKO0, 10 MOXKE YCKIJIATHUTH 11 3aCTOCYBAHHS IS BEJIMKHIX
obcsriB iHpopMmarii. BukopucranHs 6araTomapoBoro nepcenTpoHa Ta 0OMexXeHo1
MaiHu bosbsiiMana [62] He O6ys10 TpOTeCTOBaHO HA JAaHUX 13 PI3HUMHU 3HAYCHHIMU
SNR, xoya aBTOpM 3a3HAYaAIOTh, IO 1€ MOXE CTAaTH MPEAMETOM MOJATBIINX

JIOCIIIPKEHB.

VY xoni anHamizy Oyso po3TJISIHYTO Pi3HI HEHPOMEpPEekKeB1 MIAX0IU 10 0OpOOKU
AKyCTUYHHUX CUTHAJIIB. Y OUIBIIOCTI TOCIIKEHb BUKOPHUCTOBYBAIUCS TPU OCHOBHI
TUIIA apXITEKTyp: 3rOPTKOBI HEMPOHHI MEpPEki, aBTOCHKOJIepH Ta OararormapoBi
nepcenTpoHu. Bei 3ampomnonoBaHi MoOJeNi IPYHTYIOTECS HA IIUX MIIX0/1aX, TOMY 1X
MOKHA KJITacH(IKyBaTH 32 BIAMOBIAHUMHU KPUTEPIsIMU. 3 ypaXyBaHHIM BU3HAUCHUX
BUMOT JI0 HEHpOMEpeKeBUX pIllleHb CHOPMYITHOBAHO KITIOYOBI KPHUTEPii OIIHKH,
cepe SIKUX: 3/IaTHICTh MPAIIOBATH 31 CKIIAJITHUMU JaHUMH, ajanTaiis 10 3MiH SNR,
ehekTnBHa 00poOKa BenMUKUX OOcATIB 1HGOpMaIii Ta BHCOKA TOYHICTh
kiacudikaiii. BiImoBiqHICTh PO3TISHYTUX HEUPOMEPEK BU3HAYCHUM KPHUTEPIIM

noja”o B Tadomuiy 1.4.
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Tabmuus 1.4. [lopiBHAHHS PO3IIIAHYTUX MIAXO011B 32 00paHUMU KpUTEPIIMU

Tounicte |Pobora3zi | Bukopucranus |Bukopucranus

kinacu@i- | CKIQJHUMHU | IPH PI3HUX BEJINKUX

Karii JTaHUMHU CHIBBIIHO- 00CHATIB TaHUX

HICHHSX

UATC-DensNet + - + +
LOFAR-CNN + - + +
CNN LSTM + - + +
CNN SOP + + + +
KooneparuBnuii + + - +
METO]1
rIIMOOKOTO
HaBYaHHS
SSAE + + + +
SCAE - + + +
RBM+MLP + + - +
MLP+Salm swap + + + -

Apxitektypa CNN SOP e HaiikpamuMm BapianToM ais 1iei 3amavi. Ha

BiIMiHY BiJl IHIITMX MOJCJICH, BOHA €()EKTUBHO IPAIIIOE 3 JAaHUMH, 3aIMUCAHUMHU HA

pI3HUX TAMOMHAX 1 3a PI3HUX yMOB IIyMy, 3a0€3Me4yloud BHUCOKY TOYHICTH

kimacu@ikaiii HaBiTh y CKIaIHUX cepenoBumax. Buxopuctanas SOP mo3Bossie

Kpale BUSBIISITH YaCOB1 KOPEJAIii y 4aCOBO-4aCTOTHOMY IIPE/ICTABIICHHI CUTHAIIIB,

10 € KPUTUYHO BXKIIMBHM IS aHAJI3y MiABOAHUX aKycTHdHUX nanux. CNN SOP

TAKOXX Ma€ XOpPOouly BHaTHiCTI) y3araJbHCHHS, IO Aa€ 3MOI'Y aJallTyBaTUCA a0

HOBHUX YMOB, 30epirarouu TOYHICTH. lle cTano MOKIMBUM 3aBISKH IHTETpallii

3rOPTKOBHUX IIAPIB, SIK1 BUSIBJISIOTH JOKaIbHI XapaKTEpUCTUKH curHaiy, Ta SOP, mo

3aXOILTIOE B3a€EMO3B'I3KH M)XK YaCTOTHUMH KOMITOHECHTaMU.
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Takuii miaxin A03BOJIAE€ HEWpoMepexl 30epiraTd 4acTOTHI OCOOJIMBOCTI
CUTHAJIIB, MIABULIYIOYM iXHIO Kiacudikamiro HaBiTh 3a Hu3bkoro SNR.
EdeKkTuBHICTD apXITEKTypH HIATBEPKEHA €KCIEPUMEHTAIIBHUMH PE3yJbTaTaMu,
aki nokaszanu, 1o CNN SOP nepesepurye inmi niaxoau, taki sk LOFAR-CNN a6o
CNN+LSTM, sk 3a TOYHICTIO, Tak 1 3a cTiiikicTio a0 mywmiB. Lle poOuth ii
ONTUMAJILHUM BUOOpPOM sl 3a7a4 Kiacu@ikaiii akyCTUHYHUX CUTHAIIB BOJHOTO

cepcaoBuima.

[TopiBuroroun 181 ctatti, UWAR-GAN Tta AN-GAN, ctatts UWAR-GAN
BUSBIIIETHCS KpaluM BHOOPOM Ha OCHOBI KUIBKOX KPHTHYHHUX KPHUTEPIiB:
METOJOJIOTTYHOT 1HHOBAIlll, TJIMOWMHU OI[IHKH, NPAKTUYHOI €(EKTUBHOCTI Ta
CTIAKOCTI 10 PI3HUX YMOB IIIyMY.

[Minxin UWAR-GAN neMOHCTpye 3HAayHy HOBHU3HY, IHTETpYIOUH SIK
aMIUTITYHI, TaKk 1 (a30Bl CHEKTpU Y MpoIleC BUIAICHHS LIyMY, IO YacTo
ITHOpYEThCA B IHIMUX Migxonaax Ha ocHoBli GAN. lleit mBocHeKTpambHHUM IMiAXi]T
MiJBUIIYE 3JaTHICTh MOJIENi 30epiraTd BaXJIMBI JIeTalli CHUTHAIIy, OCOOJIMBO B
ymoBax Hu3zbkoro SNR, 1ne ¢dazoBa iHdopmaris Bigirpae BaxJIUBY pOJb Yy
30epexeHHi ayio sikocTi. KpiM Toro, apxitektypa Mepexi Bkitodae reaeparop U-
net 31 3'¢AHAHHAMHU MPOMYCKY, MUCKPUMIHATOP MAT4iB Ta BTPATH KOpEJAIii
3MarajbHOTO XapakTepy, IO Y3roJKye MIYyMHI Ta YHUCTI CHEKTPH, IOCITal0uu

Kpalux KUTbKICHUX Ta SKICHUX PE3YJIbTaTiB.

Oninouni MetpukH, Taki sk SNR, SSIM, RMSE ta MOS, Bka3ytoTh Ha SBHY
nepeBary UWAR-GAN. Bin nocsrae mokpamenas SNR na 45,1%, SSIM nHa
40,7%, MOS na 64,3% ta RMSE Ha 61,1% mnopiBHSIHO 3 TpaaMI[iHHUMH
CTAaTHCTHYHUMH METOJaMH, TaKuMH K ¢inbTpaiiis Binepa. [lopiBHSIHO 3 iHIIIMU
mozensimu Ha ocHoBl GAN, UWAR-GAN Bce 11e nepeBepiiye iX 3 HOKpaieHHsIMH
Ha 26,5%, 39,1%, 7,6% Ta 35,3% 3a mumu MeTpukamu BianosigHo. Lli pe3ynpraTi
MIAKPECTIOIOTh HOTO CTIMKICTh Ta aNanTUBHICT JO0 PI3HUX YMOB IIyMYy,

BKJIIOYAIOYH €KCTpEMalbHl YMOBH HU3bKOTO0 SNR.

Ha BingMiHy Big 1bOro, METOJ 3HIKEHHS InymMy Ha ocHoBi DPRNN
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30CEPEKYEThCSI Ha BHYTPINIHBO- Ta MDKYACTKOBUX YAacCOBUX 3aJIEKHOCTSX,
BUKOPUCTOBYIOUM PEKYPEHTHI HEMpOHHI Mepexi. Xoya BiH €(QEKTUBHMM, HOro
3aJIEKHICTh Bl OOpPOOKM TOCIITOBHOCTEH OOMEXye HOro aJanTUBHICTh Y
3aXOIUIEHH] TOHKHUX CHEKTpPaJIbHUX JeTajieil, 0COOJUBO Yy MPHUCYTHOCTI (pa30BUX
CIIOTBOPEHb. BiJCyTHICTh SBHOTO MOAEIIOBaHHSA (a3d € MOMITHUM HEI0JIIKOM

MopiBHAHO 3 KoMIiekcHUM minxogom UWAR-GAN.

Kpim Toro, UWAR-GAN peTenbHO OLIHIOETHCS 32 JJOTIOMOTOI0 peasIbHUX Ta
CUHTETHYHUX HAOOPIB IaHUX, BKIIOYAIOYH CLIEHApIi 3 HEBIJOMUMHU TUIIAMHU CYJIEH Ta
Kinmpkoma Mogensmu UWAN. Moro 31aTHiCTb y3araibHIOBATH 11i yMOBH JGMOHCTPY€E
BUIIUI piBeHb CTiKOCTI nmopiBHAHO 3 Mojeuito DPRNN, ska nmokasye 3HMKEHHS

HpO,HyKTI/IBHOCTi Ha HeBiJIOMI/IX JaHUX.

3araiom, UWAR-GAN BHAUIIETbCS 3aBOSKH CBOIM  METOHOJOTTYHIN
IHHOBAIlli, HaJIAHIA  apXITEKTypl, KOMIUIEKCHIM OLIHIII Ta CTaOUIbHIN
IPOAYKTUBHOCTI B PI3HMX YMOBAax IIJBOJHOIO IIyMy, IO pOOUTH HOro Kpaumum

BI/I60pOM JJIA 3aBJJaHb BUAAJICHHA I'[iIlBOI[HOI’O AKYCTHYHOI'O IIyMY.

BucnoBku 10 po3ainy 1

AHani3 aKkyCTUYHUX CUTHAJIIB BOJTHOTO CEPEIOBUINA € CKIIATHUM 3aBJIaHHIM
gyepe3 3HauyHy BapiaTUBHICTH IIYMIB, PI3HOMAHITHICTH JHKEPEJl CUTHATIB Ta iXHIO
MIHJIUBICTh y TPOCTOpi Ta 4yaci. bymo 3milicHeHO Orisa yMOB Ta METOJIB
BUKOPUCTAaHHS MAIIMHHOTO HAaBYaHHS JUIsI aHali3y AaKyCTUYHUX CHUTHAJIB
MOPCBHKOTO CEpEeIOBHUINA, 30KpeMa METOJIIB Ha OCHOBI HEHPOHHUX MEPEK.
BusnaueHo ocHOBHI eramm  aHamizy iHGopmarlii 3  BHUKOPUCTaHHSIM
HEHPOMEPEKEBUX MIIXO/IB, @ TAKOXK TOCHTIHKEHO Ta OOTPYHTOBAaHO €(EKTHBHI
METOM OOpOOKM aKyCTHYHHMX CUTHAIIIB MOPCHKOTO CEPEIOBHINA 33 JTOTIOMOTOFO

HEVUPOHHUX MEPEK.

IcHyroul MeTonM, Taki SIK CTATUCTHYHI MOJENl Ta KJIACU4YHI alrOpUTMU

MalllMHHOI'O HaB4YaHHA, HC 3aBXIU 3&663H€‘-IYIOTB JOCTAaTHIO TOYHICTH y
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3alIyMJICHUX YMOBaxX MOPCBHKOTO CepeoBHINA. BUKOpUCTaHHS HEHPOHHUX MEPEK
J03BOJISIE CYTTEBO MIJIBUILUTU TOYHICTh Kiacuikaii Ta iqeHTUu(ikamnii 00’ eKTiB
3aBJSIKM 3/IaTHOCTI aanTyBaTUCSA 1O CKJIAJHUX HEJNIHIMHMX 3aKOHOMIPHOCTEH Y
naHux. Po3poOka Ta BIOCKOHAJEHHS METOMAIB aHali3y aKyCTMUYHUX CUTHAJIB Ha
OCHOB1 HEHUPOHHHUX MEPEXK € KPUTUYHOIO JJIS BUPILMIEHHS 3a/ad Kiacudikaiii Ta

BUSIBJICHHS CUTHAJIIB Y peajlbHUX YMOBaX MOPCHKOI'O CEpEIOBHUIIIA.

HaykoBe 3aBnaHHsi mojsirae B MOKpaIIeHHI METO/AIB aHali3y aKyCTUYHUX
CUTHAJIIB BOJIHOTO CEPEJOBHINA, 30KpeMa y po3poOill €PEeKTHUBHIIIOIO METOMY
knacudikamii Ha ocHoBi Hedpomepexi CNN-SOP. Takox mnepcrneKTUBHUM
HanpsIMOM € CTBOPEHHS METOJly aHajli3y aKyCTHYHMX CHTHAJiB, 3allyMJIEHHX
(OHOBUMH ITyMaMH, 13 BUKOPUCTaHHSAM TNoenHaHHsa Heiipomepexxi UWAR-GAN

s mpuayiieHss myMiB Ta CNN-SOP mist knacudikairii ouniieHnx CUrHalis.

Po3poOka nmpoToTHITy MpOrpaMHOTO 3a0¢3MEeUCHHS JO3BOJIUTD IEPEBIPUTH Ta
BaJIiTyBaTU 3aIllpOTIOHOBaHI METOJH, OI[IHUTHU IXHIO €(PEKTUBHICTH Yy peaJbHUX
yMoBax. BaJIMBHUM HayKOBHM 3aBIaHHIM € PO3pOoOKa apXiTEKTypH MPOTPAMHOTO
3aco0y UIg aHami3zy aKyCTHYHUX CHUTHAIIB BOJHOTO CEpPEJOBHINA Ha OCHOBI

HEUPOHHUX MEPEK.

CTBOpEeHHS TECTOBUX HAOOpPIB JaHUX 13 PI3HUMH THUIIAMH IIIyMiB €
HEOOX1THOIO YMOBOIO JIJI1 HABYAHHS Ta OI[IHKH MOJECIJICH, a TAKOXK IIBUIIYE TXHIO
CTIHKICTB JI0 peaJbHUX YMOB. Y MeXax JOCIHIKEHHS CJIiJ] BAKOHATH TaKl HAYKOBI
3aBJaHHS: CTBOPUTHM TECTOBI HAOOpPH MaHUX [JIs OLIHKK (DYHKI[IOHYBaHHS
MPOrpaMHOro 3aco0y aHalily aKyCTHYHHX CHTHAJIB BOJHOTO CEpeloBHUINA Ta
MPOBECTH TECTYBaHHS 3alpONOHOBAHMX METOMIB IS TEPEBIPKU  IXHBOI

e(eKTHBHOCTI B YMOBaxX pealbHOTO CEPEIOBHUIIIA.
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PO3/ILI 2. ®OPMAJIIBALISI TA MATEMATUYHE
NMPEJACTABJEHHSI METOAIB AHAJII3Y AKYCTUUYHMX CUTHAJIIB
BOJIHOT'O CEPEJOBHUIIA

2.1. @opmadizanis 3agaui kiacudikanii aKyCTUYHNUX CUTHAJIIB BOJHOT0
cepeloBHUIIA

2.1.1. IlocTanoBKa 3aaayi kiacudikanii aKyCTHYHUX CUTHAJIIB

o X — mpocTip yciX MOXKJIMBMX BXiTHMX aKyCTUUHHMX CHUTHAIB, JI€ KOXKECH
curnan X€ X Moxke OyTHM NpEACTaBIEHHH SK XBHIbOBa (JOpMa y 9acoBili
obJacTi a00 SIK 4aCOBO-YaCTOTHE MPEJICTABIICHHS,

« Y — mpocTip MOKIMBHX BUXITHUX KJIaciB, e KoxkeH YE Y i Bianosigae nepHii

KaTeropii.
3amada nojsirae y moOymnoBi GyHKINT Kiacugikairii:

f: XY, (2.1)

AKa BigoOpaXkac BXiJHUM aKyCTHYHUI curHan X y BiAnmoBigHy MiTKy Kknacy Y .

Y peadbHUX TIABOJHUX CEPEAOBUINAX AaKYCTHYHI CHUTHAIM  PIJIKO
3aMUCYIOThCS YMOBaX MI3E€pPHO Majoi MpUCYTHOCTI (OHOBUX MIyMiB. BoHu maiixke
3aBXKJIM MICTATH IITyMH BiJl PI3HUX MPUPOJHUX 1 TEXHOTCHHUX JKepen. Lleit 3B's130k

MOXHA MaTCMaTHU4YHO BHUPA3UTH AK:

X =X

noisy ~—

+n, (2.2)

clean

1€ Xyean — YUCTUH aKyCTUUHMM CHTHAN, IO € 1/1€aJbHUM IIPEACTaBICHHIM O€3

IIyMiB, n — (QOHOBUH ITyM, [0 BKIIFOYAE IIIYMU CEPEOBHINA, TEXHIYHI MTEPEITKOIH

abo 1HImI curHAIH, X CIIOCTEPE)KYBAaHMM 3alIYMJICHUWA CHTHAJ, SIKMU €

noisy

KOMOIHAITIEI0 YUCTOTO CUTHATY Ta IIYMY.
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3amaya mosisirae B onTUMi3alii (yHKIII BTpAT, IO MIHIMI3yE€ MOMUIIKY
kinacudikamii. [Ipu TpeHyBaHH1 AaHO1 Heipopepexi Oyna BUKOpPUCTaHAa KpoOcC-
enrporris [71]:

L (@) == > T 1, l0g (Y| X;0), @3)

i=1 yeY

fe ® — mapamerpu Moen, 1, — IHAMKAaTOpHA (YHKIis, IO AOPIBHIOE 1,

AKIIO TlependaueHa MiTka Bianosinae cnpasxwiit, P(Y|X ;®)— iimosipnicTs Toro,
10 CUTHAJI HAJIeXKUTh JI0 KJacy Y, 3a 3aJlaHMMU TlapaMeTpaMu MOJIETI.

Brpatu mnepexpecHoi €HTpomii BUMIPIOIOTh PI3HUIIO MDK ICTUHHUMH
MITKaMH KJIaciB Ta mepea0adyeHuMU HMOBIPHOCTSIMH KJTaciB 3 1iapy Softmax. Bona
Kapae HeNpaBuibHI Kiacudikailii, MOPIBHIOIYM Jorapupm nepeadaueHnx
iMoBipHOCTEH 3 (AaKTUUHUMU MITKaMU. BTpath O0OYMCIIOIOTBCS HUISXOM
MiZICYMOBYBaHHS BCiX KJIAaciB 1 yCepeTHEHHS 10 BChOMY HaOopy nanmx. Hukui

3Ha4YeHHS 111€1 PYHKIIIT BTpAT CBITYATh PO Kparry podoTy MOETI.

[I{o6 3HaliTH OoNTHUMAaJIbHI TapaMeTpu MoJell @ , HEOOXITHO MIHIMI3yBaTH
dyuxmito Brpar L(0). Ile 3a3Buuail po6HUTBCS 3a IOMNOMOIOK AITOPHTMIB
OITUMI3allil, TAKKX K CTOXaCTHYHUU rpaaieHTHHIH ciyck [72] abo Adam [73]. Lli

QITOPUTMU  OOYMCIIOIOTH TPAIIEHT (YHKIII BTpAT BIIHOCHO MNapaMeTpiB @ j

OHOBIIIOIOTh MTAPAMETPH ITEPATHBHO:

O,,, =0, _77V®L(®t) : (2.4)

me 7] - 1e WBHAKICT, HaBuaHHA, a VoL(®,)- ue rpagient GyHkuii BTpaT BinHOCHO
@ .

Jliis TpeHyBaHHS Ii€l Helipomepexi OyB 3acTocoBaHui onmuTMmizatop Adam.
Ontumizatop Adam moemHye B €001 iMIyiIbC (KWW JomoMarae 3riiaKyBaTH
OHOBJICHHS) Ta aJIaliTUBHY IIBUAKICTh HaBYaHHS (sIka MacmiTabye OHOBJICHHSI Ha
OCHOBI OCTaHHIX T'paJIl€HTIB). BOHa MIATpUMY€E €EKCIIOHEHIIATBHO CIaIat0dl Cepe/Hi

3HAQYEHHS SIK MUHYJIUX TPAJI€HTIB, TaK 1 1X KBaJpaTiB, KOPUT'YE 3CYB 1 OHOBIIIOE
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napamMeTpy, BUKOPUCTOBYIOUM LI yTOYHEH! owiHku. el miaxin nokpairye
IIBUJIKICTh 301KHOCTI Ta CTaOUIBHICTh MOJIeJiel TIMO0KOro HaBYaHHA. TpeHyBaHHs

Adam BinOyBa€eTChsi HACTYITHUM YUHOM
1. OGumcouTH rpagiedT GyHKUii BTpaT BiqHOCHO napamerpis mozeni 6 :
g, =V,L(4), (2.5)
ne §, rpamieHT QyHKIii BTpaT L Ha yacoBomy kporri 1.

2. OHOBHUTH 3MILIEHY OIL[IHKY MEPIIOr0 MOMEHTY (€KCIIOHEHIIaJbHO CIajaloue

Cepe/IHE MUHYJIUX TPAIIEHTIB):
m=Am_,+@1-4)9., (2.6)

me M, OIiHKa IIEPIIOr0 MOMEHTY (KOB3HE CEPEIHE TPamicHTiB), [, KOHTpPOJIOE

MIBUIKICTD CIIaJJaHHS MUHYJIMX TPagieHTIB (3a 3aMoBuyBaHHsM: (.9).

3. OHOBUTH 3MIIIEHY OLIHKY JPYroro MOMEHTY (€KCIOHEHIIIAJIbHO CIaJalye

CepeHE KBaAPaTIiB I'PaJi€HTIB):
Ve =BV, + a- ﬁZ)gtz ’ (2.7)

ne V, OLIHKAa ApYroro MOMEHTY (KOB3HE CepelHe KBaipariB rpamicHris), f3,

KOHTPOJIIO€ MIBHJIKICTh CMAaHHsA KBAaJIPATUYHUX TPATIEHTIB (32 3aMOBUYBAHHSM:

0.999).

4. KopexIlist 3cyBY IS MEPIIOTO Ta JPYTroro MOMEHTIB:

)i(S rﬁt Ta \7t OITIHKY 3 TIOTIPaBKOIO Ha 3CYB JJISI Ta, BIAMOBIIHO.
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5. OHOBJIEHHS MMapaMeTpPiB MOJAEII:

0..=6-a—1t 2.9)

t+1 t W !
JV, +0
IS ‘9t napamMeTpu MOI[GJIi Ha 9aCOBOMY KpOHi t., a HIBI/II[KiCTB HAB4YaHHI, O HEBEJIUKa

KOHCTaHTa (3a 3aMOBYyBaHHAM: () I 3am06iraHHs JIEHHIO HA HYJIb.

2.1.2. IlpeacTaB/ieHHs] AKYCTHYHOI0 CUTHAJIY B Pi3HMX 00J1aCTAX

AKYCTHYHI CUTHAJIM Y YaCOBOMY JIOMEHI B1JJ0OpaXaroTh iX 3MIHU 3 TJIMHOM
yacy uepe3 amIuiityay, ¢azy Ta vacoBud npodiib. AMIUIITYya BHU3HAYa€e
IHTEHCUBHICTh CHUTHaly, ¢aza — CTaJil0 KOJIMBaHb, a 4YacoBHH mpodiIb
JAEMOHCTPYE 3MiHY aMIUNTyAu 3 4yacoM. YacoBi XapaKTEPUCTHKH JO3BOJSIOTH
aHaNI3yBaTU €BOJIIOIIII0 CUTHANy, ajlé MaroTh OOMEXKEHHS: BOHU MOXYTh OyTH
HEYYTIMBUMU JI0 APIOHMX 3MiH, HE BPaXOBYBAaTH YaCTOTHHMM CKJIAJ 1 YyTJIUBI J10
urymis [74, 75].

YacToTHI XapakTEPUCTUKU OMUCYIOTh CIIEKTPAJIbHUN CKIIa]l CUTHATY 4Yepe3
aMILTITYAy 3aJeXHO BiJ 4YacTOTH, YAaCTOTHUM Jiama3oH, IMKU Ta CMyrd. BoHu
MOKa3yIOTh 1HTEHCHUBHICTh CUTHAIY Ha PI3HHUX YacTOTaX, aje OOMEXeHI BY3bKUM

Jiarma3oHoOM, HEUYTIUBICTIO J0 APIOHUX 3MiH 1 BILTUBOM mymy [76].

YacoBo-4acTOTHI XapaKTePUCTUKU TOEJHYIOTh JMHAMIKY 3MiH y Haci Ta
9acTOTI, I03BOJISIOUN aHAII3yBaTH CIIEKTPAIBHUMN CKJIaJl CUTHAIY IPOTATOM 4acy.
CrexTporpaMu HaJal0Th Bi3yajbHE YSBICHHS 3MiH 4acTOT 1 aMIUTITY/I, IO POOUTH
iX IIHHAM 1HCTPYMEHTOM I aHAI3y aKyCTUYHUX SBHII Y BOJHOMY CEPEIOBUIII,

PCaTICTUYHOT TeHepaIlil CHTHAIIIB Ta JOCIKEHD X BIacTUBOCTEH [77].
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2.1.3. MeTpukH OLliHKH pe3yabTaTiB Kiacudikamii akyCTHYHMX CUTHAJIIB
BO/JIHOI'0 Cepe0BHINA

[IpoaykTuBHICTE MoOAeNi Kiacu@ikalii 4acTo OI[IHIOETHCSA 32 JIOMOMOTOI0
PI3HUX METPUK, 3aJI€AKHO B1Jl 3ACTOCYBAHHS Ta CEU(PIYHUX XapaKTEPUCTUK TAHUX

MIJIBOJTHUX CUTHAJIB. 3arajibHl METPUKHU BKIIIOYAIOTh:

- Accuracy [78]: Yactka mnpaBWIbHUX IepeadavyeHb Bif 3arajabHOI
KUIBKOCT1 TIepe10aveHb.

- Precision [79], nosnota [80] Ta F1-orminka [81]: OcobiuBoO KOpHCHI Mpu
poboTi 3 He3z0amaHCOBaHMMHU HaOopamu JaHuUX abo creuudiyHUuMH
KJIaCaMU CUTHAJIIB, K1 Ba)KJIMBIIIC BUSIBUTH.

- Marpung mayranuau [82]: Matpuiis, ska Bidyaizye MpOJyKTHBHICTh
Mozeni Kiacudikalli, MOKa3yl4dd CIPaBXHI MO3WTUBH, CIPABXKHI

HETaTUBH, XUOHI MIO3UTHUBH Ta XMOH1 HETaTHBH.

Accuracy (TounicTh kmacudikallii) — e METpHKa, 110 MOKa3y€e BiICOTOK
paBUIBbHO Kiacu(]ikoBaHUX 3pa3KiB cepej ycix mependadeHb Mozeni. Bona e
0a30BUM 1 YaCTO BHUKOPHMCTOBYBAaHUM TIOKA3HUKOM JUIsl OIIHKM €(EeKTUBHOCTI
KiacudikaTopiB, 0COOIMBO y BHUITQJIKax, KOJW JaHi 30anaHCOBaHi, 1 KUIBKICTh

3pa3KiB y KO)KHOMY KJaci MPUOJM3HO OTHAKOBA.

(Precisionx Recall)

F =2x — , (2.10)

(Precision+ Recall)
ne TP (True Positives) — kinbkicTh HpaBuUIbHO MNepenOAYEHUX MO3UTHBHHX
npuxiianis, TN (True NegativeS) — KUIbKICTh MpPaBWIBHO Tepen0aYeHuX

HeratuBHMX npukaanis, FP (False Positives) — kinbkicTh HeraTUBHUX MPUKIIAJIB,
NOMHJITIKOBO KiacudikoBanux sik nmo3utuBHi, FN (False Negatives) — kiibkicTh
MO3UTUBHUX TIPUKIAIIB, TOMUIKOBO KJIACH(PIKOBAHUX SIK HETAaTHBHI.

[lepeBaroto Accuracy € mMpocTOTa pO3paxyHKY Ta IHTEpHpeTallii, 1Mo JETKO
OOUHMCITIOETHCSL Ta 3pO3yMiIa HABITH ISl KOPUCTYBadiB 0e3 IIMOOKUX 3HAHb Y

MaIlllMHHOMY HaBYaHHI.
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o YHIBEpCANBHICTh 3aCTOCYBaHHA: [1IAXOOUTh sl LIMPOKOIO CHEKTpPa
3aBJaHb Kiacudikaii.
e 3aranpHa OIIHKa MPOAYKTUBHOCTI: Jlae mBuAKUN orisg TOrO,
HACKUIbKH 100pe MOJIENb MpaIloe€ Ha BCbOMY Ha0OP1 TaHUX.
Precision (TouHicTh) — 1€ Mipa, sika TOKa3ye, sika 4acTKa OO0'€KTIB,
nependayeHuX K MO3UTUBHI, HACIIPaB/l € IO3UTUBHUMHU. BoHa 0c00IMBO BaXkIMBa
B 3ajJja4yax, Jie TOMUJIKOBE BUsBIICHHS no3uTuBHOro kiacy (False Positive) moxe

MaTH CEpHO3H1 HACIIKH, HAIIPUKIIA, Y MEAUIMHI 00 cucTteMax Oe3MNeKu.

.. TP
Precision=——, (2.11)
(TP+FP)
ne TP (True PositiveS) — KiIbKICTh MPABWIBHO MEPEI0AYCHUX TMO3UTHBHHUX
sunaakis, FP (False PositiveS) — KiTbKiCTh HETaTUBHUX BHUIIAJKIB, IOMHIKOBO

KJ1acu(piKOBaHUX SK MTO3UTHUBHI.

Jlo mepeBar Precision MoOXHa BIIHECTH 3MCHIICHHS ITOMUJIKOBUX
crpairoBanbio. BoHa pomomarae MiHIMI3yBaTH KUIBKICTh XHOHO TTO3UTHUBHHX
pe3yabTaTiB. Tokosk, Precision € Kiiro4oBOIO ISt 3aB/IaHb, JI€¢ BaKIMBIIIOO € SIKICTh
MO3WTHBHHUX IIPOTHO31B, HDK iX KUIbKICTh. Y moemnandi 3 Recall, Precision
JI03BOJISIE  Kpallle 3pO3YMITH TPOJYKTHBHICTH MOJIEN, OCOOJHMBO B yMOBax

He30aJTaHCOBAHUX JIaHUX.

Recall (IToBHoTa) — 11 MeTpWKa, IO TMOKa3ye, siKa YacTKa pPealbHUX
MO3WTUBHUX BHUIAJKIB Oyja TpaBWIbHO ifeHTH(IKOBaHa Mojeuo. Bona €
BOXJIMBOIO B 3a7ayax, JI€ KPUTUYHO MIHIMI3yBaTH KUIBKICTh MPOIYIICHUX
no3utuBHUX Bumaakis (False Negatives), Hanpukiaj, y MEIHUHINA J1arHOCTHUII 200

CUCTCMAaX BUABJICHHA 3arpo3.

Recall L (2.12)

(TP+FN)
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ne TP (True Positives) — KiIbKiCTh TPaBHIBHO TEpeA0aYCHUX IMO3UTHBHUX
BunazakiB, FN (False Negatives) — KilbKiCTh MO3UTHBHUX BHITAIKIB, TOMHJIKOBO

KJIacU(p1KOBAHUX SIK HETATUBHI.

Recall mepen6auae MeHIy KUTbKICTh MPOMYIMICHUX MO3UTHBHUX BUIAJIKIB.
Ile nomomarae MiHIMI3yBaTH KUIbKICTh IOMUIIKOBO KJIacHU(pIKOBAaHUX MO3UTUBHHUX
3pa3KiB K HeraTuBHI. BoHa € BaXIJIMBOIO J1JIs1 CLIEHAPIiB, /1€ IPOIYCK MO3UTUBHOIO
BUIIQJKy MOXe MaTH cepio3Hi Hacmiaku. Takox, Recall mobpe migxomauts s

OIIIHKHU MOJIeJIEH, KOJIM ITO3UTHUBHMI KJ1aCc 3HAYHO MEHIIIUN 32 HETaTUBHUU.

F1-mipa € mMOKa3HUKOM JJIsl OI[IHKK MPOJYKTHUBHOCTI MOJEN1 Kiacudikarii,
0COOJIMBO y BUIIAJIKaX, KOJIH JaHl € He30alaHCOBAaHMUMHU, 1 BAXKJIMBO 3HAUTH OallaHC
MDK TOUHICTIO Ta MOBHOTO0. F1-Mipa € came rapMOHIHHUM CepeTHIM MK TOUHICTIO

Ta TMOBHOTOIO 1 00OYHCITIOETHCS 332 HACTYITHOIO (hOPMYJIOIO:

(Precisionx Recall)

— . (2.13)
(PreC|S|on+ Recall)

IlepeBaru Fl-mipu monsraroTh y 30ajaHCOBaHIM OIlIHII, OCKUIBKH BOHA
BpaxoBye sk Precision, Tak 1 Recall, 3a06e3neuyroun OuTbIl 00'€KTUBHY OIIHKY
IPOJIYKTUBHOCTI Mojenli. BoHa € 0coOJMBO KOPHUCHOIO ISl He30ajlaHCOBAHUX
JAHWX, OCKUIBKU 3aJIMIIAEThCS €PEeKTUBHOIO HABITh TOM1, KOJU OJWH KJIac 3HAYHO
nepeBakae UK. Kpim Toro, Fl-mipa ctifika 10 kommpomiciB Mixk Precision i
Recall, Hamatouun piBHy Bary 000M METpHKaM 1 JOTIOMaralouyu yHUKHYTH CUTYaIliid,

KOJIM OJJHA 3 HUX CYTTEBO ,Z[OMiHy€.

Jns  xnacudikamii IMABOJHMX CHTHAJIIB TaKOXX BaKJIMBO OI[IHIOBATH
CTIKICTh MOJENI N0 NIyMy Ta IHIIAX YyMOB HaBKOJIMIIHBOTO CEPEIOBHIIA.
Metpukn, Taki sk SNR Ta kpuBa mpwmiimaga-oneparopa (ROC) [83], MoxyTh

BUKOPUCTOBYBATHUCS TSI OIIHKY MPOTYKTHBHOCTI 32 PI3HUX PIBHIB ITyMy Ta YMOB.
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2.1.4. MoxauBi BHUKJIUKH TPH BUKOHAHHI 3adauvi kKaacu@ikamii
AKYCTMYHUX CUTHAJIIB BOJAHOIO cepe0BHINA

VY knacudikaiii MigBOJHUX AKYCTUYHUX CUTHAIIB MOKE€ BUHUKHYTH Pl
BUKJIMKIB. [[i1BOIHI cepeioBUIIa 3a CBOEIO MPUPOJIOI0 IITYMHI Yepe3 HasBHICTD SIK
NPUPOAHUX 3BYKIB, TaKUX SK MNPUPOJHI, TaK 1 IITy4HHX JoKepena. Moaemni
kjacu@ikaii CUTHaJNIB MOBMHHI OyTH CTIMKMUMHM 10 TakKUX THUIIB IIyMy Ta
iHTepdepenuii. OTpuMaHHS MO3HAYEHUX MIJBOAHUX AKYCTHUHHUX JTAHUX MOXKE
OyTH TOpOTrUM 1 CKJIaqHUM. TeXHIKH 30UIbIICHHS JaHUX Ta TeHepallli CHHTEeTUYHUX
JAHUX YacTO BUKOPUCTOBYIOTHCS [IJISi TMOKPALIEHHS MNPOAYKTUBHOCTI MOJENI.
Takox, TIBOAHI CHTHAJIM MOXYTh 3HAYHO 3MIHIOBATHCS 3JIEKHO BiJ yMOB
HaBKOJMIIHHOTO CEPEOBUINA: TJIMOMHM, TEMIEpaTypu Ta COJIOHOCTI, IO

YCKJIAHIOE 3aB/IaHHs Kjlacu(ikallii MuX CUTHAIIB.

2.2. ®opmaJtizanisi 3axa4i npuaymeHHsi JOHOBUX MIYMIiB B aKYCTHYHHUX
CUI'HAJIAX BOJHOI'0 Cepel0BHINA

[TimBoIH1 aKyCTHYHI CUTHAJIU € BaXKJIIMBUMU 11 pOOOTH MOPCHKHX arapariB,
BKJIFOYAIOUM KOMYHIKAaIlil0, HaBITalil0 Ta MOHITOPUHT  HaBKOJHUIITHHOTO
cepenopuma. [IpoTe 1i CUTHAIM YacTO CIIOTBOPIOIOTHCS (DOHOBHM IITyMOM, SIKHIA
BUHUKAE YEPE3 MOPCHKE >KHUTTS, XBUJIl Ta aHTPOMOTeHHI (haKTOpH, IO CTBOPIOE
TPYIHOII JUIS TOYHOro aHam3y curHamiB [84, 85]. Tpagunmiiini meromau
OPUAYIICHHS IIyMy, Taki sIK (QUIBTpallii 9acTo € HEIOCTaTHIMH y BHCOKO
JUHAMIYHMX TiIBOJHUX yMoBax. HeWpoHHI Mepeki BHSIBUINCS HAJIIHHOIO
aNMbTEPHATUBOIO, OCKUTHKY BOHU 3/IaTHI aJJalITUBHO HABYATHUCS Ta BUIy4aTH O3HAKU
13 3amymiiennx manux [86, 87]. lleit po3minm mocmimKye MaTeMaTHdHy OCHOBY
OPUAYHICHHS TIYMy 3a JOTIOMOTOI0 HEHMPOHHUX MEpPEX Ta iX 3aCTOCYBaHHS y

MOPCHKHUX armaparax.
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2.2.1. llpencraBieHHs npodjeMu 3axa4vi npuaymeHHs GoHOBUX IIyMiB
B aKYCTHYHMX CUTHAJIAX BOJAHOI0 Cepe0BHINA

[TpuitHATHY TiABOIHUIN aKyCTUYHMIA cUrHaM I(t) MoXe OyTH 3MOCTIbOBAHHIA

SIK:

r(t) =s(t) + n(t), (2.14)

Jie r(t): [IpuitHaTHII CUTHA, S(t): baxanuii akyCTUYHUNA CUTHAJL, n(t): doHoBUM
Iy M.

Mera — BIIHOBUTH YHUCTUWA CHUTHAN S(t) 13 r(t). Heiiponni mepexi

3a6e3neuyioTh GyHKIIIO Binoopaxkenns f,, mapamerpusosany Baramum mepexi, As
OLIIHKH 5.

s = f,(r(t)). (2.15)

Ile BimoOpaskeHHSI AOCATAETHCS IUISIXOM HABUaHHS MeEpeki MiHIMI3yBaTu

pisnuIio Mix S(t) Ta sY Ha nabopi npukazis.

2.2.2. 3arajibHe npe/ACTaBJIEHHS APXiTEKTYPU HeHPOHHOI Mepexi

CucremMu Ha OCHOB1 HEHPOHHUX MEPEXK JUISI IPUAYIICHHS ITiJBOTHOTO IIIyMY
3a3BU4Yail BUKOPHUCTOBYIOTH apxiTektypu, Taki CNN abo momeni Ha ocHOBI

Transformer. OxHiero 3 MOMMPEHUX APXITEKTYP € 3TOPTKOBUIN aBTOCHKOJIEP:

1. KonyBanibHUK BHTATYE i€papxidHi OCOOJMBOCTI 13 3aIIyMIJICHOTO

BXIJTHOTO CHTHAJY.
2. BorTinHek xoaye 0coOOMMBOCTI CUTHAIY Y CTHCIIOMY (hopMarTi.

3. JlekoIyBaIbHHK BiTHOBIIIOE YUCTHUH CUTHAI 13 IIPHXOBAHOTO ITOJaHHS.

MaremaTu4HOo mponec MOXHa IIPCACTABUTH SK:

s = D(E(r(t);6.):6p) (2.16)
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e EwnaD 1€ BIAMOBIIHO (DYHKIIIT KOJyBaJIbHUKA Ta JEKOyBaJbHUKA, a 95 Ta

7

D — X mapamerpu.

2.2.3. ®yHKIisg BTPAT, MOJAHHA BXiJIHUX JAaHMX Ta BUOIp aaropurmy
onTumMizauii

3anrymiieHuit curHan r(t) 4acto nepeTBOPIOIOTh Y 4aCOBO-4aCTOTHY 00J1acTh,
Hanpukiag y crnekrporpamy R(f, t), mis kpamoro BHUTATaHHS OCOOJUBOCTEH.
M

CrnekTporpaMa 00UUCTIOETHCS SIK:
R(f,0)=F (r®)I, (2.17)

ne ' nosnauae STFT [88].

[TapameTpu HEWpPOHHOI Mepexi 0 MOXYTh OyTH  ONTHUMI30BaHI
ONTUMI3YIOTHCS 3a JIOTIOMOT'O METOJIB, 10 0a3ylThCs Ha TpajieHTi. B ganomy

BUMAKy OyB 3acTocoBaHuii anroputm Adam.

2.2.4. Onuc aJropumMTy HaBYaHHA Ta GyHKUiA BTpaT HeilipoMepe:ki st
NPUKYLIEHHS IIYMiB

B pamkax TtpenyBanHs anroputMoM GAN TpHCYTHI JBa OCHOBHI
KOMITOHEHTH - T€HEepaTop Ta AUCKpUMiHATOp. [ 'eHepaTop - 11e HEeHpOHHA Mepexa,
SKa TEHEPYE €K3EMIUIAPU JTaHUX, a JUCKPUMIHATOP HAMAraeThCsl BU3HAYUTH 1XHIO
JOCTOBIpHICTE. Mojenb AWCKpUMIHATOpPA BUSBISE, YU € EK3EMIUISP JdaHUX
cpaBXHIM abo danpmmBuM. Monaens TreHepaTopa HaMaraerbes OOTypUTH
JTUCKPUMIHATOP 1 TPEHYEThCS Ha OUTBIIIN KUIBKOCTI JaHUX, IMOO0 OTpUMATH
nmpaBAoNoAiOH1 pe3ynbTaTu. Ll apXiTeKTypa € 3MarajibHOI0, OCKUTBKHA TeHepaTop 1
JTUCKPUMIHATOP MPAIIOIOTH OJIWH MIPOTH OJTHOTO 3 TPOTUIIC)KHUMH ITLTSIMH.

3aranbHa (yHKI[IS BTpaT cKianaerbes 3 Kuibkox pynkuii: LcGAN, Lgen,

Lcorr. OcuoBuoto Metoro cGAN € rpa B rpy MK ABOMA IrpaBLSIMU - TEHEPATOPOM
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G Ta muckpuminatropom D. @ynkuis BTpaT cGAN chpsMoBaHa Ha MIHIMI3aIlilO
3maranbpHo1 (pyHK1I1 BTpaT LcGAN, sika popMyeThbcst Ha OCHOBI KOHLIETILIT T'PH IBOX
rpaBuiB. ['enepaTop G HamaraeTbcsi CTBOPUTH BUXI1/IHI JIaHI, SIK1 BAKKO PO3PI3HUTH
Uit TuckpuMinaropa D Bin peanbHuX yucTHX AaHUX X. OyHKIIS BTpaT BU3HAUEHA
B piBHSAHHI 2.42 1 BKJIIOYA€ /1Bl YACTUHU: OJHY, MOB'SI3aHYy 3 peajJbHUMU JTaHUMH, 1

IHIILY, TOB'I3aHY 31 CTBOPEHUMU JaHUMU.
minmax Ly (G, D) = Exy [logD(X,Y)]+
E,, [log(l— D(X,G(Y )))]

ne G — pesynbrat pobotr reeparopa, D —pesyabrar po6otu auckpuminaropa, Y

(2.18)

— 3amymieHui Bxia, G (Y ) - ¢panpmyBuii Buxin, X — iCTUHHE 3HAYECHHS.

Brpara 30epexxeHHs reHeparopa L, Oysia BUKOpuCTaHa AJsl MOJMINIICHHS

g

SAKOCT1 BUXOO1B I'CHCPATOPA BBOAUTHCA )IOJIaTKOBI/Iﬁ TCPMIH BTPATH Lgen . ]_Iﬂ BTpaTa

CIIpsAMOBAaHa Ha 3a0e3IeYeHHS 36€p€)KeHOCTi MIK BHUXOJaMH TICHCpPATOpa Ta

YUCTUMHU HiHLOBI/IMI/I JAHUMMU.
Ln = Exy| log(1-D(X,G(Y))) ], (2.19)

Oynkmis BTpat L ., BUkopuctoBye L1-HOpMY IS BUMIpPIOBaHHS Pi3HUII

gen »
MDK BHXOJIOM I'€HepaTopa Ta YUCTUMHU JHaHUMU. Lle mormomMarae mokpamuTy SKiCTh

CTBOPEHUX BUXOJ[IB Ta YHUKHYTH Bi3yaJIbHUX apTe(aKTiB.

byna Buxopucrana ¢yHKIS BTpaT Ha OCHOBI Kopemsmii, Lcorr, mo6
BUKOPUCTOBYBAaTH  KOPEJALIMHI  3pa3KW, TMPUCYTHI B  YaCOBO-YACTOTHUX
MPEICTaBICHHAX MiABOAHOI aKyCTHKHU. Lls BTpaTta BHUKOPHUCTOBYE KOPEIAIINHY
MaTPUII0 MDK ITyMOBHUMH Ta YHCTHMH 300paXCHHSIMU y YaCTOTHOMY JOMEHI.
KopensmiiitHa MaTpuIild BKa3ye Ha BIANOBIIHICTE MDK PI3HUMH YaCTOTHUMU

KOMIIOHCHTaMH.

Ryy (i, j)=———=, (2.20)
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Ne oy Oy " cTaHfapTHi BiaxuieHHs st X Ta Y, COV(Xi,Yj) - KoOBapiailiiina

MaTpULs.
Busnauena KopemsLiiiHy MaTpULO, 1 BOHA BUKOPUCTOBYETHCS IS
00YHCIIEHHs BTpaTd Ha OCHOBI Kopensuiil,, . Ilg Brpara crnonykae reseparop

TOYHO BIATBOPIOBATH Oa)kaH1 YaCTOTHI KOMITOHEHTH.

Lor (G)=Eyy I Ry y =Ry | (2.21)

G(Y)Yy "1

3aBepinaibHa UTbOBa QYHKIIA, SIK BKa3aHO B 2.46, KOMOIHYE 111 TpU BTpaTH
- LcGAN, Lgen i Lcorr - 3 perynsipuzariiiiumu koedimieHTamMmu y 1 4. 3HaueHHS [UX
Koe(iIieHTIB HAJAMTOBYIOTHCS TiJ] Yac HAaBYAHHSA 3 ypaxXyBaHHSIM BaXKITHMBOCTI
KOXHOT CKJIa10BO1 BTpaTu. B pesynbrati, niis nepmux 100 enox 3HaueHHs y 1 4 Oynu
piBHi 1. ITicas 100 enox, 3HaYeHHS 11 KOeIIIEHTIB OYyJW MiABUIIEH] - 3HAYCHHS
y nopiBHioBano 15 1 A mopiBHioBanmo 10. OcraTtouna (yHKISI BTpAaT € CyMOIO

MOTIepETHRO ONMMCAaHUX (QYHKIINA BTPAT Ta BU3SHAYAETHCA 32 (OPMYIIOIO:

L = Legay (G, D) + 7L, (G) + ALy, (G), (2.22)

gen

2.2.5. MeTpuKku OWIHKH NPHAYIIeHHA (OHOBHUX IIYMiB BOJHOIO
cepe10BHINA

EdbexTuBHICT, TpUAYIICHHS IIIyMy Ha OCHOBI HEHWPOHHUX MEpPEK

BUMIPIOETHCS 3a JOMIOMOTO0 TakuX MeTpHK, sk SNR [89], RMSE [90], crannaptHe

BigxmneHns [91], PSNR [92].

SNR xapakTepusye CHiBBIJHOIICHHS MOTY>KHOCTI KOPHUCHOTO CHUTHATY [0
MOTYXKHOCTI Trymy. Lleli moka3HHUK T03BOJISIE OIIHUTH, HACKUIBKH JIOMIHY€E CHTHAII

HaJl IIyMOM Y CHUCTEMI, 1 3a3BUYail BUpaXXaeThCs B enudenax (ab).

noise

P.
SNR=10- Iogw( Fj'g”a' ] : (2.23)

ne P.. . — HOTY>KHICTb KOPHCHOTO CHTHANY, P, .. — IOTYXHICTb IIyMy

signal
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RMSE — 1e mipa, 1110 BUKOPUCTOBYETHCS JIJIs1 OLIHKU CEPEIHbOI BEIIMUNHU
MOMWJIKM MDK HPOTHO30BAHUMH a00 BIJHOBJICHUMH 3HAYEHHAMH Ta ICTUHHUMHU
3HaueHHsAMH curHany. RMSE Bu3HauaeTbcs [K KBaJpaTHUM KOpIHb 13

cepeanbokBapaTuuHoi noxuoku (MSE). ®opmyna nins RMSE:

RMSE = \/%ZN:(x(n) _j(n))?, (2.24)

A

me X(N) — ictunHe 3Hauenns curHamy, X(N) — BigHOBIEHE aG0 IPOTHO30BAHE

3HaueHHs curHaimy, a N — 3arambHa KUTBKICTh JUCKPETHUX BI/JTIKIB.

PSNR— 1me wMerpuka, $Kka BHKOPHCTOBYETHCSA JUIA OIIHKH SKOCTI
BITHOBJIGHOTO a00 OOpoOJIEHOro CHUTHATY IUISXOM TIOPIBHSHHS HOTro 3
OpUTIHAJIBPHUM CHTHAJIOM. BOHa BU3HAYa€ThCS UYepe3 BiTHOMICHHS MaKCHMAJIbHOI
MOJKJIUBOI TOTY>KHOCTI CHTHAaJy JIO IOTYXXHOCTI IIyMy, SIKHH CIIOTBOPIOE IIeH
curHas. ®opmyna st pospaxyHky PSNR y Bumaaky IHCKPETHOTO CHUTHATY

BU3HAYA€ETHCA AK:

MAX 2
PSNR =10-1lo — |, 2.25
90| 1sE (2.25)
ne MAX — wMmakcumanbHe MOXIMBE 3HadeHHs curHamy, a MSE —

CepeIHbOKBAIPATUYHA MMOXMOKA MK OPUTTHAIBHUM CUTHAJIOM X(n) 1 CIIOTBOPEHUM

curnanom X(N), mo o6uHCIIOETHCS 32 POPMYIIOIO:

MSE = %i(x(n) _ (). (2.26)

ne N — kinbKicTh qTUCKpeTHHUX BijyTiKiB curHainy. PSNR BupakaeTbcs B genubenax
(dB) 1 BUKOPUCTOBYETBCS JIJIsl OLIHKK BTpAT iHQOpMAIlii miciss 00poOKH CUTHAITY,

30KpemMa B 3a/la4yax IIyMo3ariylieHHs: abo KoMmpecii.
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CranjgapTHe BIAXWIEHHS o XapaKTEpHU3ye€ PO3CIIOBaHHA 3HAYEHb HABKOJIO
cepeHboro. BoHO 00UMCIIIOEThCS K KBaAPATHUN KOPIHb 13 CEPEAHBOIO 3HAYEHHS

KBa/IpaTiB BIAXUJIEHB BiJl CEPEAHBOIO 3HAUCHHS:

o= %Z(xi —u), (2.27)
pi(~
1 N
lu:ﬁzxi , (228)

ne X— 3HaueHHs curHaiy (ab6o BuMipsHi naHi), N — KUTBKICTh TOYOK JaHUX,

a M CEpEeJIHE 3HAUCHHS CUTHAIY.
MeTpuku nepuenTUBHOI AKOCT1, Hanpukiaaa, PESQ s cy6'eKTUBHOT OIIIHKH

[93], He Oynm 3acTococBaHi MpH OIIHIl Pe3yJIbTATIB.

2.3. MaTemMaTH4He NpeacTaABJIeHHs 3rOpTKOBOI Helipomepexi SOP

2.3.1. Onuc mnomnepeaHboi O0OpPOOKHM BXiIHHX XapaKTEePUCTHK 10
Helipomepe:xi

Jns  BUAUIEHHS O3HAaK y TMIABOJHMX HECTalllOHApDHUX CHUTHAJax
e(eKTUBHIIIMM € TAXiJ Yy dacoBo-yacToTHiM ooOmacti. CQT  mo3Bosse
MEPETBOPIOBATH CUTHAJ 13 94aCOBO1 00J1aCT1 B 4aCOBO-YaCTOTHY 00JIaCTh 3 BUCOKOIO
YaCTOTHOIO PO3JIUIBHOIO 3JaTHICTIO Ha HHM3BKMX YacTOTaX, IO Hajae OuIbIie
netaneii B nopiBHsHHI 3 STFT. ¥V manomy nocmimkenni CQT BUKOPUCTOBYETHCS
JUTSL OTPUMAHHS 9aCOBO-YACTOTHUX O3HAK, K1 MOJAI0THCS Ha BX1J 3aIIPOMTOHOBAHOT
3ropTKOBOi Mozeni. Y 1iid poOOTI MPOMOHYETHCSA MOEAHAHHS OaraToMacimTaOHOI
sroptku Ta SOP 17151 3aXOTUICHHST YaCOBUX KOPEJAIiA B O3HAKAX, MO TMOKPAILy€e

MOXJIMBOCTI PO3PI3ZHEHHS PI3HUX LiIeH 3a Jornomororo BxinHux nanux CQT.
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Jlns  nuckpetHoro curHaimy B 4yacoBomy jaomeHi, CQT BuzHauaeTbes

HAaCTYIIHUM YHUHOM:

n+IN, /2|
X (k,n)= > x(j)a(i-n+N,/2), (2.29)
j=n-IN, /2|
ne k=1,2,..., K mpexncrapnsge K gactotaux 6imis CQT, a a (n) € KoMImIekcHIM

cnpsokeHHaM O0aszucHoi pyukuii. N, mo3nauyae noBxkuHy BikHa, siKa € 3MIHHOIO.

LlenTpanbHa yactoTta K-ro 6iHa BU3HAYAETHCS SIK:

k-1
_ B

f="12%, (2.30)

ne fl € IEHTPaJIBHOIO YaCTOTOK HAMHUKYOTO YaCTOTHOTO OiHAa, a B - KUIBKICTH

O1HIB Ha OKTaBY, 1110 BU3HAYAE€ KOMITPOMIC M1’ YACOBOIO Ta YACTOTHOIO PO3JILTLHOIO
snatHicTiIO CQT. ¥V 1mpomy mociimkeHHi mpononyeTbes 3actocyBatu CQT mis
OTPUMAaHHS 4aCOBO-YaCTOTHUX O3HaK, Kl BUKOpUCTOBYIOThC B CNN. Lli o3Haku

OOYHCITIOIOTECS 3 MHOKHUHH KaI[piB 3d HACTYITHUM BHUPA30M:

K =Bj| log, f‘;ax +11, (2.31)

1
e f e IIEHTPATBHOIO YACTOTO HAWBHIIIOTO YaCTOTHOTO OiHA.

[Ipononyetbest BukopuctoByBat CQT 11 OTpUMaHHS 4acOBO-4aCTOTHUX

o3Hak 1yt mozaeni CNN. YacoBo-uactotHa o3Haka CQT oTpumyeThcs HaCTyImTHUM

YHUHOM:
X ={X" X%, X"}, (2.32)

Jc

X' =20/X°(i)|, (2.33)
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ne X' e osnakoro CQT mus i, a N nosnauae 3aranbHy Kinbkicts. X “C(i)eR"e

komruiekcHUM BekTopoM CQT 3 K dacTtoTHUX OiHIB, M0 MpeACTaBIsie I-Ty

XapaKTEPUCTHKY .

2.3.2. IllokpameHnuii MmeToa Ki1acudikamii aKyCTUYHHX CUTHAJIIB BOJHOIO
cepenoBuina Ha ocHoBi Helipomepeski CNN SOP

YacoBo-4acTOTHE MPEICTABICHHS aKyCTUYHUX CUTHAJIIB JIEMOHCTPYE CUITbHI
4acoBl KOpeJsLii, 0 JA0MOMaraioTh pO3pi3HATH PI3HI 1Il. Y 3alpOonoOHOBAHOMY
migxoi npornonyetbess mMeroa SOP nmns o3nak CNN, mo06 3axonuTd 111 4acoBi
kopessnii 3 Bxigaux panux CQT.

Kapru o3aak CNN H" orpumani 3 o3nak CQT X, ae h Ta W IpeacTaBisioTh
YacTOTHI CMYTH Ta 4dacoBi kaapu BximHux gaHux CQT. Jlns koXHOT 4acTOTHOI

CMYTI'H TpaEKTOpiH 4acoBO1 O3HAKU M-01 KapTHU O3HAK ITO3HAYCHA K
m m m m w
s"=[s],s],....5y |€R", (2.34)

[TokpamieHnii MeTol Tepedadae 3aCTOCYBaHHS OaraToMacmTabHOI 3TOPTKH
3aMICTh 3BHYAMHMX 3TOPTKOBUX IapiB, IO J03BOJIAE e(EKTHUBHINIE BHIIyYae
noTpiOHI XapaKTePUCTUKH Y BXITHUX JaHUX, Ta BITYYAIOUH XapaKTCPUCTHKU PI3HUX
MacmTabiB. 3aCTOCYBaHHA CEPEIHBOTO TMYJIHTY 3a0€3MeYrsio  3MEHIICHHS
PO3MIpHOCTI BXiTHUX AaHuX. [[0MaTKOBO, TOBHO3B I3HUM 11ap 3 PYHKITIEIO aKTUBAIIl1
ReLU Ta makeTHOO HOpMami3alli€ro 3a0e3NedrB TOJIMIIEHHS Yy3arajlbHIOBAIHHOT

MOXJTMBOCTI Ta THYYKOCTI HEHpOMEpexKi.

Tabmuns 2.1. Apxitektypa nokpaiienoi Heripomepexxi CNN SOP

Howmep mrapy Hasga mapy Po3mip BxigHOTO TEH30pa
1 CQT input (64x 64)
2 Multiscale conv (3x3, 5x5, 7x7) (3x3, 5x5, 7x7)
3 Avg. pooling
4 SOP 16x% 16x 16
) Norm. 1024
6 Dense 1024
7 Softmax 5
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[ap MultiScaleConv 3acTocoBye TpH 3ropTKOBI (QIIBTPU 3 PIZHUMHU
po3Mmipamu simep (3x3, 5x5 1 7x7) mapanenibHO, MICHsS 4YOro Haja Pe3yJbTaToM

BUKOHYETHCSI KOHKaTeHAal[lsl Ta NAKeTHA HOpMalli3allis.

KosxHa 3roprka 3acTOCOBY€ sSpO A0 BXIAHOTO TEH30pa JJjIsl BHIYYEHHS
o3Hak. Po3mip sasipa Bu3Hauae 00JacTh BXIAHUX JITAHUX, SIKY AUBUTHCS (QUIBTP, TOAI1
AK Kpok (stride) 1 3anmoBHeHHs (padding) BU3HAYAIOTh, K SAPO MEPEMILLIYETHCS IO

BXITHUM JIaHUM .

Xij = Zzwmn ) Xi+m,j+n + b1 (2-35)
m=0n=0
K . e e o :
ne X BX1/IHE 3HAYEHHS Ha MO3MUIII] (I, J), Xism, j+n— 3HAYEHHs snpa (pinbrpa)
sroprkn 1ist dimbTpa posmipy (I+M, j+n), Wﬁnkn) — 3HadeHHs sapa (puibTpa)

sroptku s Qinstpa posmipy Kxk, nek €35,7, b smimenns (bias) ms
Bignmosigaoro ¢ginsrpa posmipy K x K, K — posmip siapa 3ropTkw.

Jlani BinOyBaeThCcs KOHKATEHAIllsA, IO JIO3BOJISIE OO'€MHATH BHIYyYEHI

XAPAKTCPUCTUKHU B OIUH TCH30P:

x = [x1, x2, x3]. (2.36)

[Ticnsa koHKaTeHAITT 1€ HOpMaJIi3allis 3a MIHITAKETaMH:

X.. —
x =2 (2.37)

2

ne [— cepelHe 3HAYCHHS, o°— JHCIEpCiss, a € — MaJla KOHCTaHTa A

CTa0UIBHOCTI.

OTpumMani XapaKTepUCTUKH TOJAIOTHCS HA CEPETHIN MYJIHT JIsl 3MEHIIICHHS

PO3MIPHOCTI BXiTHUX JTaHUX, BOJHOYAC 30€piratour BaKJIUBY 1H(HOpMAIIIIO:

k-1 k-1

1
Yi =17 22 Xumen (2.38)

m=0n=0
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Ji€ X;; — BXIJIHE 3HAUCHHS HA MO3MUIIi (i, )), v j— BUXIJ IiCHIs MyJiHry, k — po3mip

BikHa (Hanpukiaz, k=2).

OmnepaTop MyJiHTY APYroro NOpsiAKY BUSHAYAETHCS SIK:
k) e ok
SOP(s!,s")=Ys/sf, (2.39)
i-1
ne S OP(Si] Slk) TpEJICTABIIAE YACOBI KOPENALil Mixk TpaekTopismu o3Hak s/ Ta s¥ 3
j-o1 ta k-of kapT o3HaK.

Omneparop SOP 3axormuttoe B3aemMoiii GUIBTPIB 3rOPTKU MPOTAToM yacy. s

RCXW

KapT 03HAaK BUKOPUCTOBYETHCSI MAaTPHIIS YACOBUX O3HAK S € , 1 oneparop SOP

B MaTpU4HIN GopMi:
al — f|_+1(z(i);w|_+1)’ (2.40)

Ie SOP(S) cR® € CHMCTPUYHOIO TIO3UTHBHO BHU3HAYCHOIO MATPHIICIO, sKa
3aXOILTIOE YACOB1 KOPEJIAIii IS OJTHIET YaCTOTHOT CMYTH.

Ha BigMiHy Bij IHIIKX CTpATET1 MYJIIHTY, K1 CyMYIOTh KOPEIAIii 10 BChOMY
300pakeHH0, MU 30epiraemo pesyiabTatd SOP 11 BCiX 4acTOTHHUX CMYT, 1100

HiATPUMYBAaTH YacTOTHI BiIMIHHOCTI 11 kiacudikamii. Kinnea o3naka SOP

ckianaerwes 3 h oneparopis SOP, 110 BiANOBiIatOTh BUCOTI KapT O3HAK.

Hopmanizariiss 3Ha4HO TOKpalnye MPOAYKTHBHICTh TIHOOKHX Mepex. Mwu

3aCTOCOBYEMO KBaJpaTHHUI KOPIHb MOEJIEMEHTHO Ta HOPMAJIi3aIliio 0 OnepaTopiB
SOP. Omneparopu SOP meperBoprorotsest y Bektop p € R', me | =cxcxh. Ieit

BEKTOP 00pOOISETHCS Yepe3 KBaPaTHUI KOPIHb MOEJIEMEHTHO!
X = (X ) (2.41)

Ta |2 HOpMaJi3aliio:
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(2.42)

OO6uuncoBalibHA CKIAAHICTh 3anponoHoBaHoi cTparterii SOP aJid kapT 03Hak

CNN po3mipy hxwxc ckragae O ( hwc? ), 10 aHAJIOTIYHO OUTIHIHHOMY MYJIIHTY,
TOJi SIK MAKCUMAasIbHUH mysTinr Mae ckaaguicts O (hwce).

OTtpumanuii BEKTOp 00'€THAHHS IPYTOTO MOPSIKY Z MOTIM BBOAUTHCS B IIap
softmax ms knacugikarii micns wineHOro mapy. Ouiskn Knacis s it BuGipku
z® 110 kaTeropii j MOXkHA OGUYHCITHTH HACTYITHAM YHHOM:
el

N e’
p(y"=ja"0)=——. (2.43)

e’

t=1

2.4. Onuc Heiipomepexki aiust npuaymenns mymiB UWAR-GAN

2.4.1. MaremaTn4yHe NpeICTABJIeHHS HelipoMepex IJasi MPUIYIIEHHS
(oHOBMX HIYMiB BOAHOI0 cepe0BHIIA

I'enepaTop cTBOpeHM Ha 0a3i apxitektypu U-net Ta BiamoBigae 3a
reHepaIliio YUCTUX 3pa3KiB MUIAXOM (uIbTpallii, Toal K AUCKpUMIHATOp Ha 0asi
PatchNet Binpi3Hsie peasbHi peanbHi Ta oOdvMIICHI 3pa3ku. YacoBO-yacTOTHE
MIPEICTAaBICHHS CUTHATY MPOXOAUTH Yepe3 cepito 0J0KiB eHkojepa. Koxen 010k
€HKO/Iepa CKIIAJAEThCS 3 3STOPTKOBOTO APy, 3a SIKUM CIIiye QyHKIIS HopMai3aiii
Ta aktuBamiitHa pyHkiis leaky ReLU. ITicns eakonepa, oTpiMaHi XapaKTePUCTUKH
npoxonathk yepe3 map Bottleneck, skmii mpencrtamBisie CTHCHYTE MOMAHHS IIHX
naHux. biiokm nmexonmepa BiTHOBIIOITH YHCTY crekTporpamy. Koxen 0ok
JeKoAepa CKIAJAEThCSl 3 JIEKOHBOJIOMIMHOTO 3TOPTKOBOTO IMapy, (YHKITI
HopMmaunizamii Ta akrtuBauiiHux ¢GyHknii ReLU. Ilicas BukoHanHs pobOoTH,

3aCTOCOBYEThCS skip-connection isi TMOE€IHAHHS OCOOJIMBOCTEM €HKoJepa 3
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nexoaepoM. lle nomomarae (ikcyBaTH sIK HU3BKOPIBHEBI, TaK 1 BHCOKOPIBHEBI

0COOJIMBOCTI, CIIPUSIOYN 30€PEKEHHIO BAXKIMBUX XapaKTEPUCTUK CUTHAITY.

L1 HeiipoHHa Mepexka € apXiTeKTypow reHeparopa, cxoxor Ha U-net, i
MpU3HAYCHa JJig reHepallii ado BiIHOBIICHHS 300paxeHb (200 crmeKkTporpaMm) Ha
OCHOBI BXiJTHUX JaHUX. BoHa CKIagaeThest 3 €HKOIEpa, By3bKOTO MicCIIsl, OOTTITHEKA

1 IeKoaepa.

Enkonep ckiiajaeTbcs 3 YOTUPHOX MOCHIAOBHMX 3rOPTKOBUX IIAPIB, SKI
MOCTYMOBO 3MEHIIYIOTh MPOCTOPOBI PO3MIPU BXIJHUX JAHHUX, OJHOYACHO
30UTBIIYIOUM KUIBKICTh KaHaNIB. ApPXITEKTypa Helpomepexi mpelicTaBiieHa Ha

pucyHKy 2.1.

Encoder Decoder

[128x128x2] [128x128x2]

[16%16x256],
[Bx8x512]

e

Noisy Clean
1Y Spectrogram

Spectrogram

Puc 2.1. - Aprxitektypa reneparopa U-net [64]

dopMyJia A1 3TOPTKOBOTO APy MAE HACTYITHUMN BUTIISIL:

d, = f (W' *[d,.e,]+b), (2.44)

1€ e; — BHXIJ I-T0 IIapy eHkojaepa, W;— Baru 3ropTku, M** — orepariisi 3rOpTKH,

b,— 3mimenns (bias), f — ¢ynkmis akruBamii LeakyReLU.

[Map € HaWTIUOIIIMM pIBHEM MEpEXi 1 3aCTOCOBYE J0JIATKOBHUIA 3TOPTKOBUI

map 111 0OMEeKEHHsI IPOCTOPOBOTO MPEACTABICHHS JIaHUX:

e, =W, *e,+b, (2.45)

ne & — suxig bottleneck, W, — Baru sroprku bottleneck, b— 3mimenns.
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Jlekoaep BIJHOBIIOE [aHI, BUKOPUCTOBYIOUM TPAHCIIOHOBaHI 3TrOPTKOBI
mrapu. KoskeH map nexozaepa o0'efHyeThest (Concatenation) 3 BiAMOBITHUM IIApOM

SHKOJIepa JIJIs 30€pEeKEHHS IPOCTOPOBOTO KOHTEKCTY:

.

d=f (W *[d_.e,.]+b), (2.46)
ne O, — Buxin i-ro mapy nexomepa, W' — Barm TpaHCIIOHOBaHOi 3rOpPTKH,
[di_l,en_i]— KOHKaTEeHAIllsl BUXOAY TMOMEPEAHBOTO JeKojepa 1 BiAMOBIIIHOTO

€HKOoJIepa, bi — 3MIIIEHHS.

OcTaHH1i TpPaHCIIOHOBAHMI 3rOPTKOBUIA 11ap BITHOBIIOE BUXITHUN PO3MIP 1

KUTBKICTh KaHAJTIB 1 IpeacTaBieHuil popmynoro 2.34:

out =W, *[d;, ]+ b

out !

(2.47)

1e OuUt — BUIXiJT MEpexi, WOTH— Bard BUXIJHOTO IIapy TPAHCIIOHOBAHOI 3rOPTKH,

D, — 3MilleHHs.

Ils apxiTekTypa JI03BOJISE MOETHATH JOKaJIbHI Ta I100albHI O3HAKH JTAaHUX
3aBOIKM MexaHi3My SKIP-3B'SI3KiB MDK €HKOAEpPOM 1 jJekoaepoMm. Mojaeinb
e(heKTUBHO PEKOHCTPYIOE a00 TeHEPYE BXIHI JIaHi, 30epirarouu BaXKJIMBi JIeTall Ta

KOHTEKCT.

Ils wHelipoHHa Mepexa € IUCKPUMIHATOPOM, IO BUKOPUCTOBYETHCS B
apxitektypi GAN. Juckpuminatop kinacudikye BXiIHI JaHi SK peajbHI abo
CHUHTE30BaHI.

Mepexxka CKIamaeThCs 3 IWIECTH 3TOPTKOBHX IIAPIB 31 3MEHIICHHSIM

po3MmipHOCTI Ha KOXHOMY Tmapi. Ilicimst koxHOro mIapy, KpiM OCTaHHBOTO,

3aCTOCOBYIOTBLCA:

o LeakyRelLU — ¢yHkIis akTHBaIii, Mo J0moMara€ yHHKHYTH TpOOJieMHU

"BMUpaHHA HEHPOHIB".
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« Batch Normalization — cra6inizye HaB4aHHS Ta PUCKOPIOE HOTO.
OcraHHiii map BUKOPUCTOBYE (DYHKIIIFO akTHBaIlii SIgMOid, sika nmepeBoaAnTh
Buxin y nmiamazon [0, 1], iHTepnperoBaHHWil sSK WMOBIPHICTH TOTO, IO BXIiI €
peanbHUM. ApXiTeKTypa Helipomepexi PatchGAN mnpencraBinena Ha pucyHky 2.2.
[256%256%4]

[128%128x%64]
A [64x64x128]
[32%32%256)

"f 1 [16%16%512]

[16%16%512)
» o [16%16x1]

Puc. 2.2. Apxitektypa muckpuminatopa PatchGAN [64]

Ha xoxxHOMY 3ropTKOBOMY IIapi oneparisi 00UMCITIOETHCS SIK:

fi=o(W*f,,+ b)), (2.48)

ne fl— Buxig i-ro mapy, W,— siapo sroprtkm, * — omeparis 3roprku, b—
3MillleHHs, o— (¢yHKiis aktuBarii LeakyReLU kpim ocTaHHBOrO I1apy, ne

3acTOCOBYEThCS Sigmoid. J{as Ko)KHOT KaHaly HOpMaJTi3allis BUTJISIA€ TaK:

y=yX+ B (2.49)
y, [ —TapaMeTpy HaBYaHHS.
A X—
R =t (2.50)
o’ +0
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A€ Xx— BX1A A0 HOpMmaisamll, M— CepeaHE 3HAYCHHA B MIHIINApPTIL,, O —

JAUCHEpPCist B MIHINAPTIi, 0 — MaJie 3HAUYEHHS sl YHUKHEHHSI IUICHHS Ha HYJIb

OcTaHHIl 11ap BUKOHYE 3rOPTKY 1 3aCTOCOBYE GyHKI[iI0 Sigmoid:

D(X) = G(Wput* 1:Iast + bout)

, (2.51)

ne D(X)— WMOBIPHICTh TOTO, IO BXIJ € CIPaBXHIM, oc— (YHKIIiS aKTUBallil

Sigmoid.

Ha 3aBCPIICHHA BI/IXiJI YCCPCOAHIOETHCA 110 BCIX IMPOCTOPOBUX BI/IMian2
1 ¢
D(x):NZD(x)i, (2.52)

e N — KiIbKICTh MPOCTOPOBUX TOYOK (ITKCEIIB), D(X)i — puxig Sigmoid s i-

TOI TOYKHU.

BxigHnii TeH30p X MepenaeThesi Yepe3 MOCTiOBHICTh 3rOPTKOBUX MIAPIB 3
aktuBaniero LeakyReLU 1 nopmamizamietro. OcTaHHi# 1m1ap 3aCTOCOBYE aKTHUBAIIIIO
Sigmoid. BuxigHuii TEH30p YCEpPEAHIOETHCS IS OTPUMAHHS CKaysgpa, IIo

IpeACTaBiIsie HMOBIPHICTh PEAbHOCTI BX1HOTO 300paKEHHS.

n 1 N
D(x)= N Z_llg (W{out}* Frasy T Doy ) ! (2.53)

Huckpuminatop 3abe3nedye eQpeKTUBHE HABYAHHS MUISXOM BHBYCHHS
JIOKAJBHUX Ta TJIO0ABHUX O3HAK BX1THOTO 300pakKeHHS 3aBMISIKU KacKaay 3TOPTOK
Ta HopMamzamii. Bin 3a0e3nedye 3BOpPOTHHMI 3B'I30K JJisl TEHEparopa,

A0IIoMararO4u IoKpamnuTu SIKICTB OYHIIICHUX 306pa>1<eHI>.

2.4.2. llonepeansi 00podKka TaHUX METOY sl MPUIYIIEHHS IyMiB
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by ctTBopenmii natacer Ha 0a3i paracery ShipsEar. 1li curnamu
CKJIQJA0ThCS 3 3aMKCIB, K1 BKIIOYAIOTh SIK Oa)KaHUW CUTHAJ BOAHUX CYJEH, TaK 1
HeOaxaHuil GoHOBHIM 1IyM. (aiiau OyJIu CErMEHTOBaH1 Ha ()parMEeHTH pO3MIpoOM 2
CEeKyHIU KoxkeH. bynu oOpaHi pparMeHTH 3 HU3BKOK MPUCYTHICTIO HEOaKaHUX
mymiB. Jlami, nms BigiOpaHuX CEerMeHTIB Oynu oOpaHl HIyMH, IO JO3BOJIHUIIO
OTpUMaTU HaOlp 3allyMJIEHUX JOaHUX 3 pI3HUM cHiBBinHomeHHs M SNR. B
pe3ysbTaTi, OTPUMAHUI CETMEHT Ma€ BUCOKHUI PIBEHb CTOPOHHIX LIYyMIB, TOJI SIK
MOYATKOBUM CEMIUT MPEJCTABIISAE€ MIABOAHUNA CUTHAI 3 MIHIMaJIBbHOK KUIBKICTIO
IIYMIB.

Cnouarky, 3anucaHi ayJiOCUTHAJIM NEPETBOPIOIOTHCA B CIEKTPOrpaMH 3a
JOTIOMOTOI0 METOAIB, Takux sik STFT. CnekTporpamMu HaJalOTh YaCOBO-YAaCTOTHE
NpeACTaBICHHS ayJIOCUTHAJIB, JI€ BEpPTHUKalbHAa BICh BigoOpa)kae dYacToTy,
rOpU3OHTAJIbHA BICh BijoOpa)kae yac, a IHTEHCHBHICTh KOJHOPY BigoOpaxkae
BEJIMYMHY CUTHATY Ha KOXKHIM Toulli. CrieKTporpamMu po3aUISIIOThCS HAa MarHiTyaH1
Ta (a3oBl KOMIIOHEHTH. 3allyMJIeH1 CIEKTpOrpaMu CKIAJaloTbcd B Tapu 3
BIJIMOBIAHUMHU YUCTUMU CIIEKTpOrpaMaMHM. 3allyMmJieHa CIIEKTpOrpaMa MOJa€ThCs
Ha BXiJ], TOJ1 SIK YKCTa CIEKTporpama MpeCTaBIIse€ peasibHi JaHl Ta MOJAAEThCS Ha
JTUCKPUMIHATOP JUIS TIOPIBHSHHS 3 pe3yJbTaToM poOOTH TeHepaTtopa. [laracer

PO3IUIAETHCS HAa HAOOPH ISl HABUAaHHS Ta Badidalii Ta y crmiBBigHomeHHI 80% 10

20%.

BucHoBKHM 10 po3ainy 2

3amava knacudikaiii akyCTUHIHUX CUTHATIB (POPMATTI3YETHCS SIK OMITUMI3aIlist
¢byHKIii BTpar Ui MiHIMI3alii TOMHJIOK MOJEII, BHUKOPHUCTOBYIOUH METOIU
MaITMHHOTO HABYaHHSA, BKIIOYAIOYM 3TOPTKOBI HEHpOHHI Mepexi. OcobnuBwuii
aKIIeHT 3p00JICHO Ha BUKOPUCTAHHI YaCOBO-YaCTOTHOTO MPEICTABIICHHS, 30KpeMa
CQT, sike 3abesrnedye BHUCOKY YacCTOTHY PO3NIUIBHICTh HAa HHU3BKUX YaCTOTAaX.

[loennanusa OararoMaciITaOHUX 3rOPTKOBUX IIApiB Ta MYJIHTY JPYTroOro MopsiaKy
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MIJBUINYE TOYHICTh Kiacudikalii 3aBAsKd KpalmoMy BUIYYEHHIO O3HaK Ta

BpPaxyBaHHIO YaCOBHX KOPEJIALIH.

VY 3ajmayax mpuAymeHHs IIyMy BHKOpUCTaHO miaxin Ha ocHoBl GAN, ne
reHepatop Ha 0a31 U-net 3abe3neuye BIAHOBJIEHHS YWUCTOTO CHUTHANYy, a
nuckpuminarop PatchGAN po3spisHsie peanbHi Ta cuHTeTHYHI JaHi. DyHKIIIT BTpAT,
BKJIIOYAIOYM KOPEJALIMHY BTpaTy Ta peryiaspu3ailiio, CHPHUSIOTH MiABUIICHHIO
AKOCT1 OYMILIEHHS CHUTHAIIB HaBITh 33 YMOB CHJIBHOI'O HIYMOBOI'O 3a0pyIHEHHS.
Pe3ynbTaTl MOKa3yroTh, 110 1HTETpallisl IIUX METOJIB Y 3a7a4il aHali3y MiJBOJTHUX
AKyCTUYHHMX CUTHANIB CIPUSE JOCATHEHHIO BUCOKOT €(hEKTUBHOCTI y KiIacu(pikaiii
Ta NPUAYLUIECHHI IIYMY, 1110 BIAKPUBAE MEPCIIEKTUBH ISl BUKOPUCTAHHS Y MOPCHKHUX

}IOCHi}I}KCHHHX Ta IIPUKITAIHUX 3aBAAHHAX.
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PO31J1 3. EKCHEPUMEHTAJIBHA IIEPEBIPKA METO/IB AHAJII3Y
AKYCTUYHHUX CUT'HAJIIB BOAHOI'O CEPEJIOBHUIIA

3.1. Po3po0ka naTaceTiB aKyCTUYHHX CUTHAJIB BOJHOI0 Cepe0BHUIIA

Uepes ckiIaaHICTh MiIBOJAHOTO CEPEIOBUIIA, OCOOTMBOCTI MOPCHKUX 00'€KTIB
Ta OOMEKEHHsI, K1 HaKkIaaae 00J1aIHaHHs, €(DEKTUBHICTH BUSBIICHHS MOXE CYTTEBO
3HM)KYBATHUCS 32 TPaAUIIMHUX MIAX0MIB. J[OCHIIKEHHS MOKa3ylOTh, 10 TIUOOKe
HAaBUaHHsS Ma€ 3HAYHUM BIUIMB Ha Pi3HiI cdepu 3acTtocyBaHHs [94], 30kpema Ha
00poOKy maHuX MOpChKOro cepemoBuia. OJHUM 13 MOXIUBUX €(PEKTUBHUX
crioco0iB TIOKpaIlleHHsT TaKuX JIaHUX € BHUKOPUCTAaHHS HeWpoMepex. 3ajada
OPUAYIIEHHS IIYMIB € JOCUTh CKJIaJHOI Ta BUMAara€e BEJIMKOTO OOCSTY SKICHHUX
nanux. Kpim Toro, mns HaBuaHHs Hedipomepexk GAN HeoOXimaHI JaraceTH, o
MICTSITh SIK TOCTOBIPHI, TaK 1 CHOTBOpeH1 3pa3ku. OIHAK TaKi 1aTaceTy HE € ITUPOKO
JOCTYITHUMHU, IO YCKJIQJHIOE iX BUKOPUCTAHHS Ta MOTpeOye OAATKOBUX 3yCHIIb
st ctBopeHHs. OTxe, 111 poOoTa CripsiMOBaHa Ha aHaJli3 MiIXOIB 10 CTBOPEHHS
JaTaceTiB JJisi BOJAHOTO CEPEIOBHUIA, BU3HAYCHHS HAMONTUMAJIBHIIIOTO METOAY,
dbopMyBaHHS BJACHOTO JaTaceTy Ta OIlIHKY HOro eQeKTUBHOCTI MiJ dYac

TPEHYBaHHs HEHPOMEPEKi.

3.1.1. Orasia naraceTiB aKyCTHYHMX CUTHAJIIB BOJTHOTO Cepe0BMINA

[cHYIOTH pi3HI MIAXOIX A0 CTBOPEHHS, 0OpOOKHM Ta 3aCTOCYBaHHS JaTaceTiB
JUIS BOJTHOTO CepeIoBHUINA. Y IIbOMY JOCTIIKEHHI 3A1HCHEHO OTJIS] 1aTaceTiB, sKi
BUKOPUCTOBYBAIHCS JUIsl Kiaacudikallii Ta MpUAYIICHHS IIyMiB, a TaAKOX OI[IHEHO
JOIIBHICTh 1X 3aCTOCYBaHHS HJisi PO3B’SI3aHHS 3a/]adi yCyHEHHS (HOHOBUX
MEPETIKO/I.

OmHuUM 13 AXOAIB € CTBOPEHHS TATACETY MUIIXOM 300y 3pa3KiB y peabHUX
yMOBax 3a JIOIOMOro0 TiapodoHa, sk 1e OyJIo pealizoBaHO B JOCIiMKeHHI [61].

Takuit METOJ € JOBOJII pecypco3aTpaTHUM 1 MOTPEOye 3HAYHOTO Yacy, MPU IbOMY
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OTpUMaH1 pe3yJibTaTH HE 3aBXKAHU BIAMOBIJIAIOTh OUIKYBAHHSM. Y paMKax I[bOTO
MIAXO0AY BAANOCA 310paTh BEIUKY KUIBKICTh 3pa3KiB, OJHAK 3alIPOITIOHOBaHA MOIEIIb
HE MPOJIEMOHCTPYBaJla BHUCOKOI €(eKTHBHOCTI mHpu Kiacudikaiii. OCHOBHOIO
mpo0JieMOI0 BUSIBUJIACA HE30allaHCOBAHICTh JaTacery, M0 YCKIAAHUIO TMOJILI
cyleH Ha BianoBinHi knacu. KpiMm Toro, ans 3agayi npuaylmieHHS HIyMIB Takud
HaOlp JaHUX MAJIONPUJIATHUHN, OCKUIBKY BiH HE MICTUTh Hap YUCTHUX 1 3alIyMJICHUX

3pa3kiB, HEOOXITHUX ISl HABUAHHSI BIJMIOBITHUX MOJIEIICH.

[Hmmwmit miaxin nepeadadae CTBOPEHHsSI 3alUCIB y MITYYHUX YMOBaXx, sIK 1€
Oyno 3pobaeHo B gociimxeHHi [94]. Byno po3po6ieHo mIicTh TUIIB TBUHTIB Ta
CTBOPEHO CrHelliajJbHe OOJagHAHHSA Ui CUMYJISIII KaBITAI[IHHOTO TYHENIO, IO
JI03BOJIUJIO BHUMIpPIOBAaTH 3reHepoBaHi Immymu. [l 3amucy (oHOBUX IIymiB
BUKOPUCTOBYBaJIacs BTYJKa 3aMiCTh CHPaBXXHBOIO KOpaOCIBHOrO T'BHUHTA.
OCHOBHOIO TIEPEBArol0 TAaKOI'0 METOAY € MOMKJIMBICTh KOHTPOJHOBAHOTO 3aITHUCY
CUTHAIIB JIJI1 KOHKPETHUX THUIIB KOopaOeiabHUX T'BUHTIB. OJHAK BIATBOPHUTH BCi
HIOAHCH PEeaJbHOr0 BOJHOTO CEpEeAOBHINA B JTAOOPATOPHUX YMOBAaX MPAKTHYHO
HEMOXJIMBO. TOMy anroputMu, sKi TPEHYIOThCS Ha TaKUX JaHUX, MOXKYTh

JIEMOHCTPYBATH HU3BKY TOYHICTh KJIacu(ikallli mpu poOOTI 3 peaTbHUMHU ITYMaMH.

[Ile oguH MeToxa, po3MIAHYTHH y poboTi [55], mependadae BUKOpUCTaAHHS
peaTbHUX 3aIKCiB KOpabJIiB, K1 €KCIIEPTH MOAUTHIN Ha 12 KI1aciB, IMIC/Isl 40r0 BOHH
Oynu IITy4HO 3amymjaeHi OummMm 1mymoMm 13 pizHMMH 3HadeHHsaMu SNR. Ilei
JaTaceT BHUKOPUCTOBYBABCS I KiacHdikallii CUTHAIIB BOJHOTO CEpPEIOBHIIA.
Xoda BIH MOXe OYTH KOPHUCHUM [Jisi TECTyBaHHS HEUPOMEPEkK, IITy4HE
3allyMJICHHS OUTUM IIIyMOM HE BIATOBITAE peaJbHUM aKyCTUYHUM YMOBaM
MiABOJHOTO CEpEeNOBHINA. BHACTIIOK [BOTO aIrOPUTMH, TPEHOBAHI Ha TaKHUX

JaHUX, BTPAYarOTh €()EKTHUBHICTH MIPU POOOTI 3 peaJTbHUMU IITyMaMHu.

[lepcrieKTHBHEM ITIIXOJIOM € BHKOPUCTAaHHs jgaraceTy Shipsear, sk 1e
MOKa3aHo B JOCHiKeHH] [61]. V 1mpoMy BUMaAKy IIyMOBi 3amucy KopaOuiB i3
HU3BKUM pIBHEM (POHOBHUX TMEpElIKoJ Oyiau IITy4YHO 3alllyMJeHl BIAIOpaHUMU

(GOHOBMMH IIyMaMH TaKUM YHHOM, 1100 OTPUMATH HEOOXITHE CITIBBIIHOIICHHS
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SNR. VY nopiBHsIHHI 3 IHIIMMHU METOAAMHU LEH MiAX11 0a3yeThcs Ha BXKE CTBOPEHOMY
Ta TEPEBIPEHOMY JaTaceTi, Ha s[KoMy OyJI0 HAaBYEHO HHM3KY MOJAENEH, W10
MPOJIEMOHCTPYBAJIM BUCOKI pe3ynbTaTu. Came ToMy BiH OyB 0OpaHuUl SIK OCHOBa
JUIsl CTBOPEHHSI HOBOT'O JAataceTy. Jlns BupilleHHs 3a/1ayl NpUIyLIIEeHHS IIYMIB 1

Kiacudikaiii y mboMy J0CIiPKeHHI BUKOPUCTAHO aaraceTr Shipsear Ta Storm.

3.1.2. CrBopeHHs1 JaTraceTiB AaKyCTMYHHX CHTHAJIB  BOJHOIO
cepeloBHUIIA

Jlnist 3a7a4i NpUAYHIeHHS IIYMiB BUKOPUCTOBYEThCs Helipomepexa UWAR-
GAN [64]. Ti ocHoBOIO € apxitektypa GAN [95], sika mepembauae 3MarajabHe
TPEHYBaHHS TeHeparopa Ta JUCKpUMiHaTopa. Y poJi  TUCKpUMIiHATOpA
3aCTOCOBYEThCs HeripoMepeska PatchGAN, Brepite mpejacrasieHa B JOCITIIKCHHI
[96]. Boma € 3roprkoBuM OiHapHHM KjIacH(iKaTOpOM, IO OIIHIOE SKICTh
BiZiIbTpOBaHUX 3pa3KiB. 'eHepaTopoM BHcTymae Heripomepeska U-net [97], sika
BUKOHYE (QUIBTpAIlil0 3allyMJIICHUX CUTHaTIB. @DuIbTpallis peali3yeTbcs 3a
JIOTIOMOTOF0 3TOPTKOBOI'0 aBTOCHKOZEpa 3 MPOMYCKHUMHU 3’ €JHAHHAMU. BXinmHumu
JaHAMH € MarHiTynHi Ta (a3oBi CHEKTporpamMu 3amymieHux cemiutiB. Ilicis
IPUAYIIEHHS IIIYMIB OTPUMaHI1 CIIEKTPOTPaMH IMIIAI0THCS 00CPHEHOMY IIIBUIKOMY
nepeTBopeHHI0 Dyp’e, y pe3yabTari 4oro GopMyeThCS CUTHAI 13 TPUTIIYIIIEHUMH

¢donoBuMU 1mrymamu [3].

VY nmocmikeHHI BUKOPHCTOBYBAJIMCS JBa JATACETH BOJHOTO CEPEIOBHIIA!
Shipsear i Storm, mpuuomy octaHHIiH Oyli0 PO3pOOJICHO B MEXax HAYKOBO-
nociimauIbkoi pobotu [98]. V maraceri Storm micTuthbes M sTh KiaciB KOpaoOIiB.,
KOXEH 3 SIKUX TPEICTABICHUN TOJMWHHUM 3alMCOM aKyCTHYHUX curHamiB. [lymu
KOpabJIiB y I[bOMY JaTaceTi XapaKTepU3yrThCS HU3bKUM piBHEM (POHOBUX IIIYMIB,
a BeJMKa TPUBAJICTh 3aMuCiB 3a0e3meuye 3HAUHUNA OOCST NaHWX Ui TPEHYBaHHS
Heripomepexi. Jlaracer Shipsear mictuth npubau3Ho 80 CyaeH, MOAIICHHUX Ha
4oTUpU Kiacu. BiH Takok BKJIIOYae CympoBIAHMN (aiii 13 AeTalbHUM OMNHUCOM

KOXKHOT'O 3aMucy, 0 MICTUTh 1H(POpPMAIlIIO PO CYAHO, YMOBHU 3aIMKCy Ta SKICTh
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curHaiy. BaxximBoro nepeBaroro Shipsear € HasBHICTh OKPEMUX 3aMHCIB (POHOBHX
IIyMiB, SIKI BIIOKpeMJIeHl BiJ IIyMiB KopaOmiB. IlpencraBieHo 4oTHpU TUIU
(OHOBHX HIYMiB: MOTIK BOAM, BITEP, IOLI 1 YAApU XBUJIb. 3aBASIKA LIbOMY MOKHA
CTBOPIOBAaTH JATaceTH 3 PI3HUMHU KOMOIHALISIMM HIYMIB Ta MOJEIOBAaTH pi3HI

aKyCTHYH1 YMOBH.

ITig yac B1AOOPY CUTHAIIB 13 HU3BKUM PIBHEM IIYMY Ba)KJIMBO 3a0€3M1EUUTH
JIOCTaTHIO TIOTY>KHICTh JUCKPETHUX KOMIIOHEHTIB KOPaOeIbHOIO MIyMYy, 1100 IXHS
EHEeprisi CYTTEBO MEPEBUIIyBaja piBeHb PoHOBOro mymy. BogHouac, komOiHyBaHHS
TaKUX CUTHAJIB 13 POHOBUMU IITyMaMu MaJio 3a0e3neunTu 10cTtaTHbo Hu3bke SNR.
Ycporo Oyno BimiOpano Onu3bko 2000 koMOiHOBaHHMX 3pa3KiB 13 CepeAHIM
sHaueHHsIM SNR, sike csarano -10 gb. OpHak He BCi 3pa3kd Majid JOCTATHIO
aMILTITYAy, IO CBIIYMTH PO CIA0KICTh OKPEMUX CUTHaIB. Uepes 1e /I 3pa3KiB
13 HU3bkUM SNR BimOupanucs curHamu 3 OUIBIIOW aMILTITYA0K, MAaKCUMAaJIbHE

3HaueHHs K01 mepesuinysaio 0,03[3].

Bbyno 3reHepoBaHO TPEICTABICHHA AaKyCTHYHMX CHUTHAIIB  BOJHOTO
CEpellOBUIIA, SKE BKJIIOYAE CIEKTPOTrpaMy, HOPMAaNi30BaHy MOTYXHICTh CHEKTPY,

norapudmivHe TpeACTaBIECHHs CIIEKTPY Ta aMIUTITYAy CUTHAIY.

JIJIsi CTBOPEHHSI CEMIUTIB IIYMiB BOJHOTO CEPEIOBHUINA BUKOPHCTOBYBABCS
naracer Shipsear, y sSKOMY MICTATbCS SIK IMIyMH KOpaOjiB, Tak i ()OHOBI HIyMH
BOJHOTO cepenoBuia. J{is y3romkeHHsS 3 CeMIUIaMHu IIyMiB KOpaOJiiB KOXEH
ayniodain (HoHOBMX IMIyMiB OyJIO CErMEHTOBAaHO Ha BIAPI3KA TPHUBATICTIO 2
cekyHau[3]. OCKUIbKM IMOYaTKOBOI KULIBKOCTI IIIYMOBHX 3pa3KiB BHSBHIOCS
HEJI0OCTaTHHO, OYJI0 BHPIIIEHO KOMOIHYBaTH Pi3HI TUIHU IIyMiB Mix coboro. Ile
J03BOJIMIIO 3HAYHO 30UTBITUTH PI3HOMAHITTA NIIYMOBUX Bapialliii Ta CTBOPHUTHU
mUpmuid Halip KOMOIHAIIKA [IyMiB KopaOuiB i3 (JOHOBUMH NIyMaMu, 11O Maju

Hu3bkui piBeHb SNR. Bizyanizaiito mporo npejcTaBieHHs HaBeAeHO Ha puc. 3.1.
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Puc. 3.1. [Ipuknan npeacTaBieHb CEMILIa aKyCTUYHOTO CUTHAITY

Jlns 06’ e€qHAHHS YUCTHX 1 3allyMJIEHHUX 3pa3KiB, a TaKOXK KOMOIHYBaHHS
PI3HUX IIYMOBHX KOMIIOHEHTIB 3aCTOCOBYBasacs 0ibaioreka AudioSegment, 1o €
gacTuHO Moxyns PyDub [99]. Ii ¢yHKIioHanbHI MOKIHBOCTI 3a0€3MEUyIOTh
THYYKe YIpaBiIiHHS 00poOKOI0 ayi0CUTHAIIB. 30KpeMa, JIJisl TOETHAHHS IITYMOBUX
KOMIIOHEHTIB BUKOPHUCTOBYBABCSI METOJ| OVerlay, sikuii JT03BOJISIE CHHXPOHI3YBaTH
ayIIOCUTHAJIY IIJITXOM OJTHOYACHOTO HAKJIaJaHHS JEKUIbKOX ImapiB. Takuil miaxis
CTBOPIOE €(EKT aKyCTUYHOI 06araTomapoBOCTi, IO € HEJAOCSKHUM MPHU MPOCTOMY
3’€THAHHI 3BYKIB IIIAXOM KoHKareHarii. CTBopeHmii naracet Oyino oOpoOIieHo,
MICJIsT 4OTr0 OTpUMaHi AaHi Oynu 30epekeHi y BUTISAAI (ailmiB .pt, MO MICTATH
Mar”iTygHi Ta (a30Bi CHEKTPOrpaMH, sIKI HaJall BHUKOPHUCTOBYBAIUCS IS
TpeHyYBaHHS HeHpoMepeki. ANTOPUTMIYHE TPEICTABICHHS NIPOIIeCy KOMOIHYBaHHS

JIBOX CUTHAJTIB 300pa’keHO Ha puc. 3.2.
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Puc. 3.2. biok-cxema aJropuTMIYHOTO MPEICTABICHHS MIPOIIECY

End

KOMOIHYBaHHS JBOX CUTHAIB

3.1.3. Ilpounec HaBYaHHS HeiipoMepe:Ki NMpUAYUIEHHS HIYMiB BOJHOIO

cepeaoBHIIA

HaBuanus HeiipoMepeki BHKOHYBAJIOCS 3 BHKOPHUCTAaHHSM BiEOKAPTH

Nvidia GeForce RTX 3070 Mobile ta ontumizaropa Adam i3 TemMom HaBYaHHS

0.0002. TpenyBaHHS MPOBOIUIOCS 3 PO3MIPOM TMAKETy 2 Ta TPUBAIO OJIM3bKO 12

000 emox. 3aradpHUM Yac HAaBYaHHS CTAHOBUB OJM3BKO JABOX JHIB. ['eHepaTop

OHOBJIFOBABCS MICIIsL KOKHOTO I’ ITOT0 OHOBJIEHHS IUCKPUMIHATOPA.
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Ha nouatkoBux etanax HaBuaHHs, 10 100 enox, reHepatop OyB HEAOCTATHHO
TPEHOBAHUM i1 KOPEKTHOTO TE€HEPYBaHHS ULLUIbOBUX YHUCTUX 300pakeHb.
BianoBigHO [0 OCTaHHIX JOCHIKEHb, y 1€l TepioJ BHECOK MapameTpiB
perymnsipusanii BcTaHOBIOBaBca piBHUM | 1jst vy Ta A. Ilicns 100 emox, komu
reHeparop JOCAT JIOCTaTHbOI'O PIBHS HAaBYAHHS, 3HAYEHHS MapaMeTpiB
perymspusaiii 3MiHoBaIUCs : Y 30UTbIyBanocs 10 15, a A — o 10, mo Oyno oOpaHo
TPYHTYIOUUX Ha JOCHiDKeHHAX B wmid obOmacti [92, 100]. Harpenoana
HelipoMepeka OyJia MpoTeCTOBaHA HAa CEMILIaX, sIKi He BUKOPUCTOBYBAJIMCS IT1]T 4ac
TpeHyBaHHs. OTpUMaHi pe3ybTaTH MOPIBHIOBAIUCS 13 3aIIYMJICHUMH Ta YUCTUMU

3pa3kaMu KOpaOelbHUX CUTHAIIB.

Y KOHTEKCTI OOpPOOKHM TMIABOJHUX AKYCTHUYHHMX CHUTHAJIB BIOCKOHAJICHHS
apXITeKTYpy HEHPOHHHUX MEpEeX BIJIIrpae BHUpIMIATIbHY pOJIb Yy TMOKpAIICHHI
MOJKJIUBOCTEH mpuaynieHHsS mmyMmy. lle IocmipKeHHS pO3IIMPIOE TIOMepeaHi
METOAOJIOT1T NIITXOM ONTHMI3aIlii MPeJICTaBICHHS BXITHUX JAHUX Ta apXITEKTypH
MEpEexi JUIsl Kpalioro MpUCTOCYBaHHS IO XapaKTEPUCTHUK MIABOJIHUX aKyCTHYHHUX
curdainiB. OpuriHaJIbHUIM METOJI, SIKUIi BUKOPHUCTOBYBAB YaCTOTY AUCKpeTH3allii 16
000 T'm 1 TeH3opHe mpeacTaBieHHS 256X256, 3a0e3reuyBaB BUCOKY PO3IUIbHY
3MaTHICTh  YaCOBO-YaCTOTHOTO  TPEJCTaBICHHSA, aje€  HaKJIagaB  3Ha4HI
oOuncoBabHI BUTpaTH. JIJISI TOMANBIIOTO PO3BHUTKY I[HOTO IMMiAXoAy OyIio
BIIPOBA/DKEHO OITHMI30BaHUNU (PEUMBOpPK, SKUH BHKOPHUCTOBYE 3MCHIICHY
gacToTy mauckperm3amii jmo 4,096 I'm, 30epiraroun Tpu IIbOMY HaJIHHICTH

BWJIYYCHHS CIIEKTPAIIBHUX XapPaKTEPUCTHUK.

3MEHIIICHHS YaCTOTH JUCKpETU3allil 0e3MocepeH0 BIUIUBAE HA YACTOTHO-
94acoBY pENpe3eHTAIlit0, 1[0 BUMarae MoaudikaIii y mepeTBOPEeHHI CIIEKTPOTpaMu
Ta BXITHUX pO3Mipax Mepexi. B paMkax 1»0ro BIOCKOHAJCHHS pO3Mip TEH30pa
Oyno amanToBaHo 3 256x256 no 128x128, mo6 3abe3neunty edEeKTUBHE
MPEACTAaBICHHS  AaKyCTHYHUX  OCOOJMBOCTEH, 3MEHIIUBIIN TIPH  I[HOMY
o0uHrCIIOBaIbHI BUTPATU. Take KOPUTYBaHHS IPYHTYETHCS HA CIOCTEPEKEHH], 110

MepEeBaXKAI0Y1l CIEKTPAJIbHI KOMIIOHEHTH MIABOJAHUX CUTHAIIB ICHYIOTh Y HUXKYUX
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YaCTOTHHUX [l1alla30HaX, M0 pOOUTHh MOYATKOBY BHUCOKY YacTOTY AMCKpETH3aLlii

HEMOTPI10HOIO 11l €PEKTUBHOIO BUBYEHHS OCOOJIMBOCTEN.

Ha pomatoxk n0 Moaudikamii mNpeAcTaBieHHS BXIAHMX JaHUX, LE
JOCIIIPKEHHSI BIOCKOHAJIOE apXITEKTYpy MEpexki, ONTUMI3ylouu ii TUOUHY s
y3rOJKEHHS 3 HOBUMH pOo3MipaMu BX1THUX JaHuX. OpUriHajgbHa MOJIEIb BKIIIOYAsia
ctpykrypy U-Net 3 n'sTbMa mapamu JUCKpeTH3allii, € KOKEH Lap MOCTYIOBO
3MEHIIyBaB IPOCTOPOBI pO3MipH KapT 03HaK. BpaxoByrouu nepersistHyTiid po3Mip
TeH30pa, OyJI0 3ampoBaPKEHO HOBY aJamlTallil0 IMUISIXOM 3MEHIIECHHS KUTBKOCTI
IapiB JUCKpETHU3allii 3 'aTu 10 4oTupbhoX. Lle BrockoHaneHHs 30epirae BaxiMBul
lepapXi4HMi TMpoliec BUAUICHHSI 00'€KTIB, 3amo0iralouud Npu UbOMY HaIMIPHOMY
CTUCHEHHIO, SIK€ B 1HIIOMY BHUIIAJKy MOK€ NPHU3BECTHU JO BTpaTH 1H(OpMAIlii.
3anpornioHoBaHa MoaAMQIKallis MIABUILYE €(OEKTUBHICTb MEPEXi, MIATPUMYIOUYU

ONTUMAaJIBHUN OajlaHC MK 30€pEeKEHHSIM 03HAK Ta O0YMCITIOBAIBHOKO CKJIQHICTIO.

L{s po3poOKa IpyHTYETHCS Ha MOTMEPETHIX JTOCTIKEHHIX Y raiy31 00pooKu
MiIBOJHUX aKyCTHYHHUX CHUTHATIB, JIEMOHCTPYIOYH, IO ONTHMIi30BaHa CTpaTeris
JTUCKPETH3allii B MOETHAHHI 3 aJJallTOBAHOIO apXITEKTYPOI0 MEpPEexki MOKE TOCITTH
MOPIBHAHHOI €(DEKTUBHOCTI MPUIYIIICHHS IITyMY 31 3HUKEHUMH 00 YHCITIOBATLHUMH
BuMoramu. OTpuMaHi pe3yiabTaTH MIATBEPIKYIOTh €(QEKTUBHICTh ajamnTarlii
MojeNne TIMOOKOro HaBYaHHS M0 CHEHU(IYHUX XapaKTePUCTUK CHUTHAJIB, TUM
CaMHUM CIPHUSIOYM PO3BUTKY HEHPOMEPEKEBUX METOIIB MPHUAYIICHHS ITiIBOTHUX
myMiB. EMmipudHa nepeBipka 3ampornoHOBAHUX yIOCKOHAJIEHb MIATBEPAMUIIA, IO
MepeTsiHyTa apXITeKTypa HEe TUTbKHU 30epirae 37aTHICTh MPUIYIICHHS TyMY, ajie i
MigBHINYe €(EeKTUBHICTH OOPOOKH, IO € 3HAYHUM KPOKOM BIIEpEIl B €BOJIFOIlIT

METO/I0JI0T1H 0OPOOKH MiABOTHUX aKyCTUYHUX CUTHAIIB.
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3.2. Hin0ip rinepnmapameTpiB NOKpalieHoi 3ropTKOBOI HeiipoMepe:xi
CNN-SOP

OpuriHanpHa HeWpoMepexka MICTHIIa JBa 3TOPTKOBI MIApH 3 (PYHKIIEIO
aktuBanii ReLU, map SOP, map Hopmanizaiii Ta Buxiguuii map. [[ms nokpamieHHs
il poOoTH OyJI0 BUPILIEHO 3aCTOCYBATH OaraToMaciITaOHy 3ropTKY, IO J03BOJISIE
e(eKTUBHIIIE aHaJII3yBaTH PI3HOPIBHEBI XapaKTEPUCTUKH aKyCTUYHUX CHUTHAIIB.
Takuit minxig gae 3MOry HEWpOMepeki aJanTUBHO MpalioBaTH 3 PI3SHUMU
MacmTabaMu JieTaneil y CUrHaji, 110 € KPUTUYHO BAKIMBUM MpHU Kiacudikarlii
AKyCTUYHHMX CHUTHAIIB BOJHOIO CEpPEIOBHINA, J€ YaCTOTH MOXYThb 3HAYHO

BapiIOBaTI/ICSI, a IIyMH YCKIAJHIOIOTH IIPOLECC pOSHiSHaBaHHH.

Byno nporecToBaHo KijibKka BapiaHTIB 0araToMaciTabOHOI 3rOPTKH 3 PI3HUMHU
po3MipaMH siAep, 1O BKIIOYAIM TOEAHAHHS 3TOPTOK po3Mipamu 3X3, 5x5,
PO3IIMPEHMIA BapiaHT i3 JOJATKOBUM SIIPOM 7% 7, a TAKOXK 1€ OUTHIIT KOMIICKCHUH
miAXia 13 BKIOYEHHSAM sfapa 9x%9. Ilapamerpu 1HIIMX MIapiB y HeWpoMepexi

aJlanTyBaJIUCs BIATIOBIIHO 10 3MIHEHOT PO3MIPHOCTI JIaHHX.

[Tin yac mepuIoro ekcnepuMeHTy OyJI0 3aCTOCOBAHO JIBl 3rOPTKH 3 sApamMu
3x3 1 5x5. [lepmra 3ropTka MiCTHIa OJMH BXITHUM KaHaJl, BICIM BUX1THUX KaHAJIB,
po3Mmip szpa 3, kpok 1 Ta mpocropoBe monoBHEeHHS 1. Jlpyra 3ropTka Maia
aHaJOT1uYHY KOH]IrypalIrito, ajie 3 po3MipoM sjipa 5 Ta MPOCTOPOBUM JOTIOBHEHHSIM

2. HaBuaHH4 i€l apXiTEeKTypH MOKa3aiao TOYHICTh Kinacudikaiii 96%.

VY HacTynmHOMY eKCTIepUMEHTI OyJia TofaHa TPeTs 3TOpTKa po3MipoM 7X7, 1m0
JI03BOJIUIIO OTPUMATH TOYHICTH 0 96%. [lomaBaHHs 4eTBEpPTOi 3TOPTKH PO3MIPOM
Ox9 He nano MOJANBIIOTO TOKPAIIEHHS pPe3yJbTaTiB, OCKUIBKM TOYHICTh HE
30impIIMIIach. BpaxoByrouMm OJHAKOBI  pe3yibTaTH TEPIIOTO Ta JPYroro
EKCIIEpUMEHTIB, OyJ0 0OpaHO BapiaHT i3 JBOMa 3TOPTKaMH, OCKUIBKH BIH

3a0e3mnedyBaB MIBUIIIIC HABYAHHS HEHPOMEPEKI.
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Tabmuus 3.1. [lapameTpu Ta pe3ynbTaT €KCIEPUMEHTIB

Howmep|Ilonepenni Po3mip |Po3mip Kpoxk ITpocropose| TounicTs| Yac
€KCII. |3TOPTKHU 3TOPTKH |1pa JIOTIOBHEHHSI| KJ1aC. BUKOHAHHS
1 ] 3x3 3 1 1 96% 260
5x5 5 1 2
3x3, 5x5 X7 7 1 3 96% 836
3x3, 5x5, 7x7 | 9x9 9 1 4 94% 919

JIns MojaneIioro TMOKpAIIeHHS poOoTH HeHpomepeki Oysio BUPIIICHO
MPOBECTH  EKCINEPUMEHTH MO0 BUOOPY THUIy TMYJIIHTY TICHA  I[Iapy
O6araromacmTabHOI 3rOpTKU. 3aCTOCYBAaHHA MYJIIHTY Ha IIbOMY €Tarll MOK€ 3HAaYHO
MiABUIIUTH €(EKTUBHICTh MOJENI, OCKUIBKA 3MEHIIEHHS PO3MIPHOCTI BXITHHUX
JAHUX CIPOIIy€E TMOAanbily OOpoOKy Ta 3HIKYE OOYHMCIIOBAJIbHI BUTpATH.
JlomaTkoBO TYJIHT JONOMara€ BUIUIUTA HAWOUIBII 3HAYyIIl O3HAKH, IO
bopMyYIOThCS TTICHIS 3TOPTKOBHX OIEpalliif, MiJBUINYIOYH CTIMKICTH MOJEII IO

Bapialliil y BXiTHUX JaHUX Ta 3MEHIIYIOYH PU3UK NTepeHaBYaHHS.

Byno po3riasiHyTO NBa MIAXOAM [0 MYJIHTY: MaKCUMAaJIbHUM IYJIIHT Ta
cepenniit mymiar. Bukopucranas MaxPool mo3Bossie BUAUTATH HAHOLIBIIT BUPaA3HI
0COOJIMBOCTI CUTHAITY, 110 POOUTH MOJIETh OUIBII CTIMKOIO 0 IITyMy Ta Bapiallii y
BXITHUX HaHux. KpiMm Toro, 1mei MeTo 1 3HIKYy€e 00UMCITIOBAIBHI BUTPATH 32 PAXYHOK
CKOPOYEHHS KIJTbKOCTI 00pOOTIOBaHUX MMapaMeTpiB, X04a BOJHOUAC MOKE BTpadyaTH
calKi CUTHANH, SIKi MICTATh KOPUCHY 1H(OpMaIlito. Y CBOIO 4epry, 3aCTOCYBaHHS
AvgPool cripusie 3riamKyBaHHIO JTOKAJTFHUX Bapialliid, M0 MiJBUITY€E CTaOUTbHICTD
BHUJIJICHUX O3HAK 1 3MEHIIY€E BIUIMB BUITAIKOBUX ITyMiB. Llel miaxig € e)eKTUBHUM
y BHUIIAJKaX, KOJIW BaXXIMBO 30€perTd BCIO 1HQOpMAIiI0 Mpo 00JACTh CHUTHAITY,
OCKLTPKA BIH BHKOPHCTOBYE CEpEIHE 3HAYEHHS 3aMiCTh BUOOPY HAWOLIBIIOT
aktuBalii. BomHoyac BiH MeEHII e(QEKTHUBHUN IS BUSABICHHS HAHOLIBII
peleBaHTHUX OCOOJMBOCTEN y curHaii. Pe3ynbratu OO4YHCIEHb 3 MAKETHOIO

HOpMaJTI3aIli€ero mpecTaBiIeHi B Taomuili 3.2.
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Tabmuus 3.2. O6uKcIoBaIbHI €KCIIEPUMEHTH 1010 MAKETHOI HOpMai3anii

Howmep excn. Tun myniHry Kpok | IIpoctopose TounicTe
JTIOTIOBHEHHSI KJ1ac.
1 MakcumanbHHi 2 2 96
MyJIIHT
2 Cepenniil myaiHr 2 2 97

Hami npns  oOpaHoi HeMpoMmepeki Oylno MPOBEICHO OOYKMCIIIOBANIbHI
EKCTIIEPUMEHTH 13 3aCTOCYBaHHSIM TAKeTHOT HopMauizaiii. Y JOCIiIKEeHHI
BUKOPUCTOBYBAIKCS MiA10paHi Ha MOMEpPEeIHIX eTanax 0araToMaciTaOH1 3rOpTKU B
NO€THAHHI 13 CepeqHIM MyJiHroM. Pe3ynpTaTu OIIHKK POOOTH HEHWpoMepexi 3

MaKeTHO HOPMaJTI3alli€lo Miclis MOBHO3B SI3HOTO 1Iapy HaBeeHO B Tabmuil 3.3.

Tabnuus 3.3. ExnepumMenTu noB’si3aHi 3 BHOOPOM MaKETHO1 opraizarii

Howmep excr. [TakeTHa HOpMaTi3aIis TouHicTh KJIacC.
1 + 98
2 - 97

3.3. [IpoBenenns nepeBipku moaesi CNN SOP

TouHiCTh MOJENl OIIHIOETHCA IIISAXOM aHami3y il 3MaTHOCTI TMPaBUIBHO
KiIacu(ikyBaTH aKyCTHYHI CHUTHAaId Ha OCHOBI UHCIOBHUX METPHUK, IO
Bi10OpakaroTh pi3Hi acriekTH ii podoTu. MeTpuku Precision 1 Recall BinoO6pakaroTs,
HACKUTBKU TOYHO MOJIENb 1IEHTU(DIKY€E TTO3UTUBHI KJIaCH Ta SIKY YaCTKY MPAaBUIbHUX
MPOTHO31B BOHA BHJAE cepea ycix mependadeHux pesyabrarie [101]. s
3a0e3nedeHHs 0aJaHCy MIXK IIIMH MOKa3HUKaMU BUKOpUCTOBYeThes F1-score, sikuii
€ rapMoHiiiHUM cepenHiM Precision i Recall. OrmiHka TOYHOCTI 37iHCHIOETHCS Ha
TECTOBOMY Ha0Opi JaHUX, 1110 HE BAKOPUCTOBYBABCS I1J] Yac HaBuaHHs. Pe3ynbTaTu

NepeBipKU HaBeneHO B Tabuii 3.4.
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Tabmuus 3.4. [lepeBipka METPUK SAKOCT1 TPEHYBaHHS HEHPOMEpEexK1

precision recall f1-score Support

0 0.99 0.99 0.99 80

1 0.97 0.97 0.97 80

2 0.97 0.97 0.97 80

3 1.00 1.00 1.00 80
accuracy 0.98
macro avg 0.98 0.98 0.98 320
weighted avg 0.98 0.98 0.98 320

Takox Oyma moOymoBaHa MaTpuIll TUTyTAaHWHH IS aHali3y pe3yJbTaTiB
TpeHyBaHHs Kiacudikaropa. AOcCoNOTHa OUIBLIICTh TECTOBUX CEMIUTIB Oyiia
IpaBUIBHO KiIacu(iKOBaHA, IO CBIAYUTH PO BUCOKY €(PEKTHBHICTH MOJEII.

['padiune mpencraBieHHs MaTPUIll TUTyTAHUHU HABEICHO HA PUCYHKY 3.3.
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Puc. 3.3. MaTpuiist muryTaHuHY, TIPY TIEPEBIPIll HA TECTOBIM BUOIpIIi
OtpumaHi pe3ylbTaTH JAEMOHCTPYIOTh BHCOKY SKICTh Kiacudikalli Ha
KOHTPOJIbH1M BHOIpIll. 3arajbHa TOUYHICTh CTAHOBUTH 98%, 1110 BKa3ye Ha 3/1aTHICTh

MOJIe1 KOPEKTHO KiacudikyBaTu OUIBIIICTD 3pa3kiB. 3HaueHHs Precision, Recall Ta
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Fl-score nmg BCIX KIIaciB 3HaXoAdThbcsl B aiama3oHl Bix 97% mo 100%, mio
NIATBEPIXKYEe  30ajmaHCcOBaHy MPOAYKTHBHICTH  Heilpomepexi.  Haitkpammii
pe3yabTaT CIOCTEPIra€TbCsl A TPETHOrO KIAcCy, 1€ MOJAENb JOCAINIA 10€aJIbHOT
TOYHOCTI Ta MOBHOTH. /{151 mepuioro ta Apyroro KiaciB 3HAUYEHHs JEUI0 HUXKY1 3a
97%, 110 MOXe CBIAYUTH MPO MIHIMANIbHI NepexpecHi moMuiku. [lokasHuku macro
Ta weighted average TakoXX HIATBEPIKYIOTh CTaOUIbHY POOOTY Kiacudikatopa,
OCKUIbKU BC1 cepeHl 3HAUeHHs 3HaxXoJATbcsl Ha piBHI 98%. OCKUIbKM MIATPUMKA
KO’KHOT'O KJIacy € pIBHOMIPHOIO, MOJIENb HE IEMOHCTPYE 3HAYHOTO MEPEKOCy y OiK
Oynb-sikoi kateropii. Lle cBimuuTh mpo ii 3/MATHICTH y3arajdbHIOBaTH 3HAHHS Ha

HOBUX JIaHUX Ta 3a0e3MeuyBaTH BUCOKY SKICTh Kilacu@ikarii.

OOuncioBalibHA CKJIQIHICTh HEHPOMEpEXKi € BaXKIMBUM IMapaMeTPOM, IO
BU3HAuUae e(QEeKTUBHICTh ii poOOTHM B yMoOBax oOOMEXeHUX pecypciB. Bona
OIIHIOETHCS 3a KUIBKICTIO TTapaMeTpiB y MO, 10 O6e3MocepeIHbO BIUIMBAE HA il
po3Mip 1 IMBHUAKICTE oOuucieHb. Yac, HeoOXimHUU mia ineHTHdIKaIii MmeBHOT
KUTBKOCT1 CEMILTIB, JT03BOJISIE BU3HAYUTH PeabHy IIBUIKOIII0 MOJIEI, OCOOIHBO Y
BUMAJKY 1 BUKOPUCTAHHS B CHCTEMaX peajbHOro 4yacy. /J[01aTkoBo BpaxoBYIOThHCS
o0UHCITIOBAIbHI BUTPATH, 30KpeMa KUIBKICTh Olepalii i3 IJIaBalouol KOMOIO
(FLOPs) ta Bukopuctanusi mam’sTi. Lle € KpUTHYHO BaXIUMBUM (HaKTOPOM IS

e(hEeKTUBHOT'O PO3TOPTaHHS MOJIEJII HA alapaTHUX MPUCTPOSX.

Ta6mums 3.5. [Tapamerpu Heripomepexi CNN SOP

[TapameTpu 3HavYeHHs
3aranbHa KUIBKICTH TTapaMeTpiB 4,206,196
TpenoBaHni mapameTpu 4,206,196
Herpenoani napamerpu 0
3arajbHa KiIbKICTh MHOXKEHB-101aBaHb (MB) 98.54
Posmip Bxigaux nanux (MbB) 0.16
Posmip npoxonay Buepen/nazan (MbB) 13.27
Posmip mapametpiB (MB) 16.82
Omninennit 3aranpauit po3mip (Mb) 30.26
KinbkicTs napameTpin 4,206,196
FLOPs 102,492,160
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Mopenps Mictuth 4,206,196 napameTpis, 110 BKa3ye Ha il BIAHOCHO BEIUKY
CKJIAJHICTh, OCOOJMBO JUIsl HEHUpOMEpexkl, sKa Npaloe 3 JIBOBUMIPHUMHU

AKYCTUYHHNMH O3HAKaMH.

OO6uucmoBanibHa  ckiagHicth y TepMiHax FLOPS cranoButes 102.49
MFLOPS, mo € BIZHOCHO BHCOKHM IIOKa3HHKOM IS MOJICNI, SKa MOXKE
BUKOPUCTOBYBATHCS y peanbHOMY uYaci. OCHOBHa 4YacTHHA OOYMCIIOBAILHUX
BUTpaT, iWMOBIpHO, npunagae vHa SOP ta Linear mapu, ockineku SOP mpaiiroe 3
BEJIMKMMH TEH30paMu, a Linear mapu BUKOHYIOTh MaTpHU4HI Omepallii BEJIUKOro
po3Mipy.

Bukopucrannus mam'siti ckinagae 16MB, mo € 10oBoil onTUManbHUM IS
cydacHUX amnapaTHux ruiatdopm, Takux sk GPU abo HaBITH BUCOKOIIPOAYKTHUBHI
CPU. TIlpore, 3aranpHa OIliHKA Tam’sTi JJis MPOXOAY BIIEpe-Ha3aj] BKa3ye Ha
MOXJIMBICTh ~ ONTHUMI3allli, HaNpUKIad, 4Yepe3 BHUKOPUCTAHHS  MEHIIUX

MOBHO3B’ I3HUX IIapiB a00 aabTepHATUBHUX MiAXOA1B 111 SOP-nepeTBOpeHb.

JluBnsiunch Ha po3Mip mpoxoay Brepen/Hazan 13.27 MB, 3Hauna yacTuHa
naM’ ATl BUTPAdaeThcsl HA OOPOOKY MPOMIKHHMX TEH30piB Mia yac HaBuyaHHA. Lle
MOKE€ TPH3BOJUTH JI0 BHCOKOTO crioxkuBaHHd VRAM mig vac TpeHyBaHHS, IO
BapTO BPaxOBYBaTH IIPH PO3rOpTaHHI MOJelll Ha 0OMeXeHuX pecypcax. Mojensb
JEMOHCTPY€E JIOCTAaTHHO BHCOKY OOUYMCIIOBAJIbHY CKJIQAHICTh dYepe3 BEIHKY
KUTBKICTh TMapaMeTpiB, OCOOJMBO y TOBHO3B’SI3HUX Mapax. Bona moxe OyTtu
e(eKTHUBHOIO y BUMNAJKaX, KOJIU € JIOCTaTHI OOYMCIIOBAIbHI pecypcu. 3araiom,

MOJIEIIb € TIOTYXKHOTO Ta 37aTHOO 10 €(heKTUBHOT KIacu(ikalrii.

ITepeBipka yHIBEepCcaIbHOCTI MOJEI TO3BOJISIE BU3HAYMTH, HACKITLKM BOHA
3MaTHA TPAIIOBATH y PI3HUX YMOBax eKcCIutyarailii. /[ 1mporo mpoBOIUTHCS
TECTyBaHHS Ha CEMIUIaX, 3allyMJIICHHX OUTMM [IyMOM 13 PI3HUMHU PIBHSIMU
BimHOmEeHHS curHa/myM. Omiaka SNR 103Boiisie BUBHAYMTH, HACKIIBKA MOJCITH
yyTiuBa A0 (POHOBUX MEpemKoa 1 4u 30epira€ BOHA TOYHICTh MPU 3MIHI

XapaKTEPUCTUK BXITHOTO CUTHANY. BU3HaUeHHs y3arajibHIOY01 34aTHOCTI MOJIeNi
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J0TIOMarae OIIHUTH ii €()EeKTUBHICTh MPU 3MIHI NAapamMeTpiB BXIJHUX AaHUX, 1110

KPUTUYHO BAXKJIUBO JIJIS1 i1 3aCTOCYBaHHS Y PI3HUX pEaIbHUX CLICHAPISX.

JlaTtacer Oyno 3amymsieHo OimuMu mymamu. Beboro Oyno mpoBeneHo 3
excriepuMeHTu. B pe3ynbrari, Oyinu oTpuMani ceMiuiu 3 pisHeMm 1mymy 0, -5 -101b.
Koxen 3 cemmiiB Oyso MOAAHO B SIKOCTI BXIIHMX JaHUX JI0 3alpPOIIOHOBAHOIO
Merony kiacudikamii. Pesynbratn knacudikanii npu pisHuX 3HadeHHsAX SNR

npencrapieHa y tTadauii 3.6.

Tabmuis. 3.6. Pesynbratu po6oTH HEelpoMepexki A kinacudikarii 3 pisHUM
piBHEM LIyMY

No Cmissiguoienass SNR TounicTe KIacudikarii
1 -10 74%
2 -5 81%
3 0 89%

ExcniepriMenTH mokasanim, o TOYHICTh KiIacu(ikallii CyTTEBO 3aJICKUTH Bij
piBHS myMy y BXigHuX qaHux. Ymm Bumie SNR, THM Kpaiili pe3yinbTaTu 1eMOHCTPYE
3alpoIioHOBaHa HelipomepexeBa Mozelb. 3a SNR = 0 b Moaens gocsrae TOYHOCTI
89%, Toni six mpu SNR = -10 nb TounicTh 3HMWXKYEThCS 10 74%. Lle cBimuuTh TIpo
3/IaTHICTh HEUPOMEPEK1 YCIIIIHO PO3PI3HATH KJIACH 32 BHCOKHX 3HaueHb SNR,
npoTe 3a 3HAYHOTO pIiBHA IymMy ii KiacudikamiiiHa e(QeKTUBHICTh CYTTEBO

3HUXKYETHCS.

PesynpTaTi eKCrepuMEeHTIB MiATBEPKYIOTh, IO 3aMPOIOHOBAHA MOJIETh
3a0e3medye BHUCOKY TOYHICTh KIAacH(piKaimii g MaJONIyMHUX abo IMOMIpHO
3alIyMJICHUX CUTHaNIIB. BomHOYAc 11 CTIMKICTH 10 CHIIBHO 3alIyMJICHHX CHUTHAIIIB,
ne SNR carae -10 n1b € oOMexeHO0, II[0 BHMara€ IOJATKOBUX ITIAXOAIB 10
MiABHINCHHS 1i HagiitHOCTI. TakuM dYHHOM, MOJCIH JEMOHCTPYE BHCOKY
edextuBHICT 32 SNR > -5 ab, mpore moTtpebye onTumizarii ayis kmacudikamii

CHUTHAJIIB 13 HU3BKHUM CITIBBIHOIIIEHHSIM CUTHAJ/IITyM.
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3.4. IlpoBenenns nepesipku mogeai UWAR-GAN

Ouinka HEHpPOHHOI Mepexi ISl MPUAYLICHHS LIYMY JEMOHCTPYE 3HAayHy
3/1aTHICTh MOKpanlyBaTH sikicTh curHainy. PSNR, mupoko BUKOpUCTOBYBaHa Mipa
AKOCT1 PEKOHCTPYKIUIi CUTHANY, NEMOHCTpYE 3HauHe 30ubmieHHs 3 -2,05 n1b no
npuaymenHs a0 7,73 nb micns npunymenHs. Lle cBiuuTh mpo Te, MO Mepeka
e(eKTUBHO TOKpAIy€E YITKICTb CHTHaJy 3a paxyHOK 3MEHLIEHHS IIYMOBHX
nepemkoa. Ananoriyno, SNR, sike BioOpaxkae 0anaHc MK OaXaHUM CUTHAJIOM 1
GboHOBUM IIYMOM, HAOJMIKAETHCS 10 HEUTPAIBHOTO PIBHS, IO MIAKPECITIOE
3/1aTHICTh MOJIEJII MPUAYLIYBAaTH HeOakaH1 IIyMH, 30€piralouu UUTICHICTh CUTHAITY.
RMSE, sika kUIbKICHO BUMIPIOE BUIXWIJICHHS Bl YUCTOTO CUTHAJY, 3MEHITYEThCS 3
0,0301 mo 0,0098, miaTBEepKYIOYM, IO HEWPOHHA MEpeka YCHIITHO MIHIMI3Yye

CIIOTBOPCHHA 1 HiJIBI/IHIy€ 3arajibHy TOYHICTH CUTHAITY.

OxkpiM CTaHIApTHUX METPHUK OILIIHKK CHUTHAJy, JIOT-CIIEKTpajibHa BIIACTaHb
(LSD), sxa BUMIpIOE CHEKTPAIbHY CXOXICTh MIK YHUCTHM Ta O0OpOOJIEeHUM
CUTHaJIaMH, IEMOHCTpPYe cyTTeBe 3MeHIIeHHs 3 0,2211 no 0,0487. Le cBiquuTh TIPO
TE, 110 MOJeNb €eKTUBHO 30epirae CIeKTpajdbHI XapaKTePUCTUKHU, 3MEHIITYIOUHU
IpH I[bOMY IIIYMOB1 KOMIIOHEHTH. CepeiHs 3aJUIIKOBa MOTYKHICTh IIyMY 3HAYHO
3MEHIIYEThCS, IO CBIIYMTH MPO Te, MO Mepexka ePEeKTUBHO 3MEHIIye (HOHOBI
3aBajy, 30epiraloum NpH I[bOMY IPUPOHE MPEICTABICHHS CUTHANTY. UyTIHBICTD,
nmapameTp, IO BigoOpakae peakiiio Mepeki Ha Bapiallii BXIJHUX CHUTHAIIB,
3aIMIIAEThCS CTAOUTbHOIO, 3a0e3Medylour CTaOUIbHICTh MPUIYIICHHS IIyMy B

PI3HHUX yMOBaX.

AHaji3 BaroBUX pO3MOAUIIB TIOKa3ye, IO Mepexa MIATPUMYE 100pe
30amaHCOBaHUI PO3MOAIT MapaMeTpiB MpoTsIroM HaB4YaHHS. CepenHe 3HAYCHHS,
CTaHJapTHE BIAXWJICHHS Ta Jialma30H 3HAYEHb Bar 3aJUIIAIOTHCS CTa0UTLHUMU, IO
CBITYHUTH TIPO M0Ope HAaBUCHY MOJEIb, SKa HE JEMOHCTPYE HECTaOUTBHOCTI abo
EeKCTpEeMaJIbHUX BIAXWICHb Bar. Taka y3rofKeHICTh Yy PpO3MOALIl Bar CHpUSE

CTIMKOCTI1 Ta HAAIMHOCT1 MOE1 B 0OpOOIll CUTHAIIB 3a PI3HUX ITYMOBUX YMOB.
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UYac BuBenenHs aenio 30uibmyetbest 3 0,0184 cexynnu no 0,0242 cexynnau,
110 CBIIYUTH IPO TE, IO MOJENb BUKOHYE JOJAaTKOBY OOpPOOKY UIsl MPUIYILIEHHS
IyMY, 3aJUIIAI0YNCh NMPU HbOMY OOYMCIIOBAIBHO €(eKkTuBHOI. BukopucTtanHs
nam'saTi 3aJUIIA€ThCS MOCTIMHUM Ha piBHI puosnu3HO 953,74 MB, 1110 CB1TYUTH PO
Te, MO0 MOJAENh NIATPUMYE ONTUMAIbHUNM OallaHC MDK CKJIQJHICTIO Ta

e(hEeKTUBHICTIO, HE HAKJIAJAI0u1 JOJAATKOBUX OO0UHCIIOBAIbHUX BUMOT.

3arajgoM, HeillpoHHa Mepexa e(QEeKTUBHO IMOKpallye YITKICTb CHUTHAIY,
3MEHIIYE 1IyM 1 30epirae KitouoBi crekTpayibHi komnoHeHTu. [lokpamenns PSNR,
3MeHimieHHss RMSE Ta 3HauHe 3MEHIIEHHS JIOT-CIEKTPalbHOI  BIJCTaHI
JEMOHCTPYIOTh 3/1aTHICTh MOJIEJ1 I'€HepyBaTH YHCTIIIl Ta PO30IpJAUBIIII CUTHAIH.
CrabibHICT, BaroBOro po3MOJUTy Ta cTabulbHAa €(QEeKTHUBHICTh IMaMm'siTi
HiATBEP/DKYIOTh aJE€KBATHICTh NpOLECY HaBYaHHsS. Pe3ynbTaTv MOKa3yloTh, IO
MOJIEJb YCIIIIITHO MPUTHIYYE 1IyM, 30epiratouu JeTaii CurHany, o poOuTs ii 1oope
IPUAATHOIO JJISI MPAKTUYHUX 3aCTOCYBaHb, sKI MOTPEeOYIOTH SIKICHOI 0OpOOKH

AKYCTHUYHHUX CHUTHAJIIB.

Ta6mums 3.7. [Tapamerpu Helipomepexi U-net

[Tapamerpu 3HavYeHHs
Total Parameters 16658562
Trainable Parameters 16658562
Non-Trainable Parameters 0
Multiply-Accumulate Operations 4.04 GMac
FLOPs (2 * MACs) 8.08 FLOPs
Input Data Size (MB) 0.12
Forward/Backward Pass Size (MB) 0.25
Parameters Size (MB) 63.55
Inference Time 0.010275 seconds
GPU Memory Allocated 331.92 MB
GPU Memory Cached 1084.00 MB
Estimated Total Size (MB) 63.92 MB
FLOPs (Floating Point Operations) 4035903488 MACs

HagBuena HelipoHHa Mepexa IeMOHCTPYE J0Ope CTPYKTYpOBaHU M OajaHC Mk

004K CITIOBAILHOIO €()EKTUBHICTIO Ta CKJIAAHICTIO MOJENl. 3 3arajibHOI KUTBKICTIO

128



napameTpiB 16 658 562, Bci 3 SKMX MiAJAIOThCSI HABYAHHIO, MOJIEIb MA€ BHCOKY
3/IaTHICTh JO BUBYEHHS CKJIAJHUX pENpe3eHTalli, 3a0e31euyoun aJanTUBHICT J10
3aBlaHb NOPUAYIIEHHS I1IymMy. BiACyTHICT, mapameTpiB, IO HE MIAAAIOTHCA
HAaBYaHHIO, BKa3ye Ha Te, IIO0 BCS Mepeka pPOOUTH CBIl BHECOK Yy HAaBYaHHS,

MaKCHUMI3YI0UU ONTUMI3alliiHUI MOTEHIIall.

Mopens Bukonye npubauzHo 4,04 winbgpaa omnepamii  MHOXKEHHS-
akymyJsnii (MAC), mo Bianosigae 8,08 MubsIpAiB onepailiii 3 mIaBar040r KOMOIO
(FLOP), 1o BimoOpaskae 00YMCIIOBAIbHI MOTPEOH i1 OOPOOKH KOKHOI BXIAHOT
BuOipku. He3Baxkarouu Ha 1ie, Yac BUBEJICHHS 3aMINAETHCA €()EKTHUBHUM Ha PiBHI
0,0103 cexyHau, IEMOHCTPYIOUM, IO MOJEIh MOXE 3a0€3MeUUTH IIBUAKY

NPOJYKTUBHICTh Y pealibHOMY 4Yaci 6€3 HaJIMIpHUX O0YHCIIIOBATLHUX BUTPAT.

Posnonin mam'siti 1oOpe onTHUMI30BaHO, MOJIENb 3aiMae nmpuOau3Ho 63,92
MBb, Britodarouu BXifHI JaHi, 30epiraHHsl MapaMeTpiB Ta MPOMDKHI aKTHBAIIii.
EdexkTtuBHO BUKOPHUCTOBYETHCS mMaMm'siTh Tpadiudoro mporecopa: 331,92 Mb
BUJIUTSIETHCS 1] Yac BUBEACHHS, a 3arajbHUi 00csr kemry ctanoButh 1,08 I'b, o
CBITYHUTH MPO TE, IO MOJEIb MPAIIO€ B MEKaX PO3YMHHUX amapaTHUX OOMEKEHb.
Posmip nipsimoro 13BopotHOTOo npoxoay 0,25 MB cBimuuTh npo eeKTUBHU MpoIiec
3BOPOTHOTO TIONIUPEHHS, IO 3a0e3lnedye IUIaBHE OHOBJICHHS Tpajli€eHTa I Yac

HaB4YaHHA.

3arajoM, HEHpOHHA Mepeka IEMOHCTPYE aJeKBATHICTh SK 3 TOYKH 30PYy
MPOITYCKHOI 3/TATHOCTI, TaK 13 TOYKH 30py 00UMCITIOBANIbHOI eeKTUBHOCTI. Benuka
KUTBKICTh TIapaMeTpiB, 110 HABYAIOTHCS, TAPAHTYE, MO MOJEIh MOXKE BHUBYATH
CKJIaJHI TATEPHU MPUAYIICHHS MIyMy, 30epiralouu mpu MbOMY KEPOBAaHHM 00CST
maM'sTi Ta 4Yac BHUBEJCHHA. EQekTMBHE BHKOPHCTaHHS pecypciB TpadigHoro
poliecopa B MOEHAHHI 3 BUCOKOTO MBUJIKICTIO 00OpPOOKH MiITBEPKYE, 110 HABUCHA
Mepeka J00pe ONTHMI30BaHA [JIi TMPAKTUYHOTO PO3TOPTAHHS B JIOAATKAX

peaibHOr0 ab0 OJIM3BKOT0 A0 PEATHHOTO Yacy.
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3.5. Pe3yabTaTn NpUuAyIeHHs IIYMiB Ta Kiaacuikamii

3.5.1. Pe3yabTaTu NpUAylIeHHsS] IIYMiB aKyCTHYHMX CUTHAJIB BOJAHOIO
cepenoBuina Heiipomepexero UWAR GAN

JlaHi pi3HMX KJaciB jgaTaceTy OyJlM TMOJaHI Ha BXiJ JO 3alpONOHOBAHOT
HelpoMepex1 JJis NpUAYIICHHs 1yMiB. Pe3ynbraTt Oyiau OLiHEH1 MO HACTYIHUM
KpUTEPISIM: CIIBBIHOIICHHS CHUTHAJI-IIIYM, CEpPEIHbOKBAJpaTHYHA IOXUOKA,
MIKOBE CITIBBIJHOIICHHSI CUTHAJ-IIIyM, CTaHAapTHE BiaxwieHHa. Ha Bxix
HelpoMepeki MoAaBaJIuch CEMIUIU 3 HU3bKUM criBBigHOIeHHIM SNR, 1o csarano
-10 nb. Pe3synbratu mpuaylieHHs IIyMiB ISl PI3HUX KiaciB jatacery Storm

npeacTaBieH1 B Ta0aui 3.8.

Tabnuus 3.8. PesynpraTu npunyiieHHss GOHOBUX IIYMIB B CEMILIaX

naracety Storm

Jlo mpuIymeHHs IyMiB [Ticis mpuayIeHHs
SNR (unb) -10.79 -0.58
RMSE 2.7 0.8
[TikoBe CITiBBITHOIIIEHHS 0.81 11.02
CranmapTHe BIAXWIECHHS 0.0285 0.0039

[Ticns mpuaymienHs (OHOBUX HIYMIB SIKICTh aKyCTUYHUX CUTHAIIB 3HAYHO
nokpammiacs. [ligsumenns 3nadeHHss SNR cBITUUTH TPO TMOKpAIIEHHS SKOCTI
CUTHAITy, OCKUIBKH TOTYXHICTh KOPHCHOTO CHTHAJIy IOYHHAE TMEpPEBaKaTH HaJ
piBHeM 1mymy. Lle o3Hadae, Mo CUTHAN CTA€ YITKIITUM 1 MEHIII CIIOTBOPEHUM, IO
CIIpHsi€ HOTO KpaloMy CIPUHUHATTIO Ta 00poOIi. 3araimoM, Imicisi 0OpoOKH SKICTh
CUTHAIy 3HAYHO 3pOCTAa€, IO MiATBEPKYEThCs 3MeHmeHHsM RMSE Ta
CTaHJApPTHOTO BiIXUJEHHs. Bi3yanbHe NpeAcTaBiIeHHS OOPOOJEHUX CEMILIIB

HaBEJICHO HAa PUCYHKY 3.4.
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Puc 3.4. BinoOpaxeHHsi ceMIUIiB JaTaceTy Storm: 10 npuayueHHs IIyMiB

(a), micns npuayIieHHs urymis (0), 10 3anrymiieHHs] QOHOBUMHU ITymMamu (B)

JonatkoBo Oyno 371HCHEHO MepeBIPKY pe3yabTaTiB MPUAYIICHHS IIyMiB Ha
ceMIuiax jgatacety Shipsear, mo manu 3HadeHHss SNR -10 1b. Pesynbratn 06po0Oku

CUTHAJIIB IIbOTO JIaTaceTy HaBeAeHO B Tadmmii 3.9.

Tabmums 3.9. Pesynbpratu npuayiieHHs: GOHOBUX IIYMIB B ceMILIaX

naracety Shipsear

o [Tics
NPUAYIICHHS | TPUIYIICHHS
IIyMiB ITyMiB
CriBBigHOIIIEHHS cUrHAI-1IyM (1b) -10.67 -0.81
CepenHbOKBaApaTUYHA ITOXUOKA 2.4 0.8
ITikoBe cmiBBigHOIIIEHHS cUrHaI-1IyM (ab) 1.9 11.1
CranmapTHe BIOXWICHHS 0.025 0.003

[Ticns mpuaymeHas GOHOBUX NIYMIB SIKICTh aKyCTUYHUX CUTHAJIIB Y JaTaCET1
Shipsear 3HauHO okpamuiacs. 3HadeHHs SNR nigsummiiocs 3 -10,67 nb mo -0,81
nb, a PSNR 3pic 13 1,9 1b 10 11,1 a1b. CepennbokBagpaTiyHa MOXMOKa 3MEHIIIMIIACS
32,4 no 0,8, a cranmaptae BiaxuieHHs — 3 0,025 go 0,003. Bizyaumizariis cemIuty 10

Ta micis 0OpoOKK HaBeJleHa Ha PUCYHKY 3.6/
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Puc 3.6. BinoOpakenHs ceMIutiB natacery Shipsear: 1o npumaymieHHs

nrymiB (a), micns ix npuaymeHHs (0), 10 3aurymieHas GoHOBUMU 1mymamu (B)

Takox, Oyna 371ficHEHa MepeBipKa pe3yNibTaTiB Ha MITYYHO 3Tr€HEPOBAHOMY
nataceTi. Pe3ynbTaTi NpuaylIeHHs IIyMiB Ha IITY4YHOMY JaTaceTi Mpe/ICTaBlIeH] Y

tabmui 3.10.

Tabnuus 3.10. Pesynbraty npuaylieHHs IIyMiB HA IITYYHOMY JaTaceTi

npeacTaBiIeH1
o [Ticns
NPUAYIICHHS MPUAYIICHHS
IIyMiB IITyMiB
CHiBBIIHOIIEHHS CUTHAI-IIIVM -10.349 -0.241
CepenHbpOKBaIDAaTUYHA TTOXUOKA 1.05 0.33
[TikoBe CITIBBIIHOIIEHHS CUTHAJI-IIIVM 3.183 9.623
CrannapTHe BIIXUJIECHHS 1.09 0.1

Takosx Oyyi0 BUKOHAaHE MPUAYIICHHS MTYYHUX IIYMIB.

Puc 3.7. BinoOpaxeHnHs ceMIntiB garacety Shipsear: mo mpuayrieHHs
nrymiB (a), micst X npuaymeHHs (0), 1o 3anrymieHHs (OHOBHMH ITyMaMu (B)
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[Ticns mpunymeHHss GOHOBUX IIYMIB Yy IITYYHO 3r€HEPOBAHUX CHUTHANaX
CIIOCTEPIraeThCs MOKPAIIEHHS SIKOCTI, AHAJIOT1YHE 10 MONEPEAHIX €KCIEPUMEHTIB.
SNR 3pocino 3-10,349 1o -0,241, 1110 CBITYUTH PO CYTTEBE 3MEHILIEHHS PIBHS LIYMY
BITHOCHO KOopucHoro curHany. IlikoBe 3HaueHHs SNR migsummmiocs 3 3,183 no
9,623, BKa3zyloud Ha MOKPAIIEHHA MaKCHUMAaJIbHOI aMIUTITYAM CUTHANy BiJIHOCHO
mymy. RMSE 3menmmunacs 3 1,05 no 0,33, uio o3Havae 3HMKEHHS PI3HUII MK
OUMIICHUM Ta OpPUTIHAIBHUM cUTHaJaMH. CTaHAapTHE BIIXWJICHHS 3HU3WIOCH 3
1,09 no 0,1, mo Bkazye Ha CTaOLIBHICTH Ta OJHOPIAHICTH OYHUIIIEHOTO CUTHATY.
[Toka3HUKH MATBEPKYIOTh €(PEKTUBHICTh MPOIEAYPH MPUAYIICHHS IIyMiB Ta

MOKpAIEHHS SIKOCTI 00pO0JIEHOTO CUTHATY.

3.5.2. Ouinka pe3yJabTaTiB Kaacudikaii

OTtpumaHi  pe3yiabTaTH  MIATBEP/KYIOTh  €(PEKTUBHICTh  MPOIEAYpHU
IPUAYIIEHHS IITYMIB Ta OKPAIeHHS SIKOCTI 00po0sieHoro curHany. OpuriHaabHAN
1 TOKpaIleHnii MeToIu OyJii MPOTECTOBAaH1 HAa TPhOX OCHOBHHX JlaTaceTax Ta IXHIX
Moau(IKOBAaHUX BepCiAX 13 JOJaHMMHU ITymMaMu. Biszyanizaiiio pe3ysibTaTiB
HABEJEHO Ha PUCYHKY 3.8.

MopiBHAHHA OPWUTiHANLHOrO Ta MNOKPAaLLEHOro METOAIB
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Puc 3.8. IlopiBHsIHHS TOYHOCTI poOOTH TTOKparieHoro metoay SOP B

NOPIBHSIHHI 3 OPUTTHAIIBHUM METOJI0OM
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BucHoBku 10 po3ainy 3

Byno oO0rpyHTOBaHO CKJIaAHICTh 3aJadyl MPUAYLIEHHS IIYMIB BOJHOIO
cepelloBUIIa Ta HEOOXIIHICTh HASIBHOCTI JOCTAaTHBOI KUIBKOCTI IaHUX JIJIsl pOOOTH
3 HUMHU. TakoX OOIpYHTOBaHO AaKTyaJbHICTh (OpMYyBaHHS J1aTaceTiB MJis
TPCHYBaHHSI HEHpOMEpexi 3 TPUAYHIEHHS IIyMmiB. bBylo BHKOHAHO OIS
JTEpaTypH, NI€ PO3INIAHYTO PI3HI JaTraceTd BOAHOro cepeaoBuia. OOpaHo Ta
onucaHo jaaracetu Shipsear Ta Storm. Takox omucaHo Mpouec BiAOOPY YUCTHUX
CEMIUIIB BOJHOTO CEpEAOBHINA, MPoIleC KOMOIHAIlI CEeMIUIIB, BKa3aHO OTpUMaHI1
CEMILIH, KPUTEPIil OI[IHIOBAHHS Ta Pe3yIbTaTH 3aCTOCYBaHHS OTPUMAHOTO 1aTaCeTy
JUIs TPEHYBaHHS HEWpOMepexKi 3 mpuayIineHHs mymis[3].

B  pesymprari mpoOBEAEHOTO  JOCTIIKEHHS  yIOCKOHAJICHO  METOJ
kiacudikaili aKyCTUYHUX CHUTHAJIIB BOJHOTO CEPEJOBHINA Ta OTPUMAHO BHIII
pesyiapTath  Kiacudikamii y TOpPIBHAHHI 3  OPUTIHAJBHUM  METOJOM.
3anporoHOBaHW MeTOoJT €(EKTUBHINIE BHIydae MOTPIOHI XapaKTEPUCTHKU Y
BXIIHUX JIaHUX, 3aCTOCOBYIOYM OararoMacmTabHy 3TrOpTKy Ta BHIy4Yarouu
XapaKTepUCTUKH PI3HUX MacmTaliB. 3acTOCYyBaHHS CEPEAHBOTO  IMYJIHTY
320€3IeunyI0 3MEHIIICHHS PO3MIPHOCTI BX1THUX JdaHuX. J[0JaTKOBO MogaHUi miap 3
dynkiiero aktuBaiii ReLU Ta makeTHO0 HOpMaizalliero 3a0e31edrB MOTIIIICHHS
3IaTHOCTI JI0 y3arajlbHeHHsI HelpoMepeki. Y TOCKOHAJIEHa HelpoMeperka IoKaszaia
BUII[I PE3YJIHTATH y IOPIBHIHHI 3 OPUTTHATHBHIUM METOI0M, 30KpeMa — I1IBUIIICHHS

TOYHOCTI Kacudikarii[4].
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PO3J1J1 4. TIPOI'PAMHE 3ABE3IIEYEHHSA AHAJII3Y
AKYCTUYHHUX CUT'HAJIIB BOAHOI'O CEPEJOBHUIIA

4.1. Po3po0Jiene mporpamMue 3a0e3ne4eHHs

JUIsi MOKJIMBOCTI KOPHCTYBaua 3pY4YHO KOPUCTYBAaTUCh pPO3POOIECHUMU
MeTtogaMu, Oyino po3poOsieHe TmporpamMHe  3a0e3IMeueHHs. [Iporpamue
3a0e3nedeH s Jis aHami3zy, NPUAYHIEHHS MyMiB 1 Kiacudikamii aKyCTHYHHX
CUTHAJIIB BOJHOIO CEPEJOBUINA CTPYKTYpOBaHE Yy BHUIJIAJI OKPEMHUX MOJYIIB,

KO’KEH 13 IKUX BUKOHYE NIEBHY (DyHKIIII0 B 00poO1Ii ayai0JaHuX.

Monaynpe prediction_module 3abe3meuye HelpoMepekeBe PpO3IMi3HABAHHS
KJIaCiB aKyCTUYHUX CUTHaJiB. BiH 00po0iisie 3amuTH KOpHUCTyBaya, TOTY€E JaHl Ta
BUKOHY€ TPOTHO3YBaHHS, BHUKOPHCTOBYIOUH TIOTIEPEAHHO HABUEHI MOJICIII.
Cucrema BHKOHYE TIEPETBOPEHHSI BXIJHOTO CHUTHANy Yy BIiNMOBigHWHA (opmar,
IIPOBOJIUTH KOTO TIOTIEPEAHI0 00pOOKY Ta Kiacu(pikye, BUKOPUCTOBYIOUH TTHOOKY

HEHUPOHHY MEPEKY, sIKa BPAaXOBYE CIEKTPATbHI OCOOJIMBOCTI 3BYKOBHX XBUJIb.

Monynb denoising module BiAMOBIa€e 3a OYUIIEHHS aKyCTHYHHX CUTHAJIIB
BiJl ()OHOBOTO IIyMYy, MOKPAIIYIOUHU IXHIO SKICTh JJIsS MOAANBIIOr0 aHamizy. Bin
OTPUMYE 3alUTH Ha (UIBTPAIIIF0 CUTHAJIIB, BUKOHYE IXHIO MOIEepPeHI0 00pOoOKy Ta
nepeaae 'y HeWpoMepexy sl BujajdeHHs 1mymiB. CucremMa BHKOPHCTOBYE
reHepaTUBHO-3MarajbHy HEHPOHHY MEPEXy, SKa HABUYAETHCA PEKOHCTPYIOBATU
YUCTUH CHUTHAJ, BUIAUIAIOYM Horo Bix 3aBan. Ilicims oOpoOku 3abe3mnedyeThes

3BOPOTHE MEPETBOPEHHS CUTHAITY JI0 BUXITHOTO dopmMary.

Monyns  denoise_training_module  mo3Bojisie HaBYaTH MOJACIb IS
MPUAYIICHHS TyMiB Ha OCHOBI IMITOTOBJICHUX aKyCTUYHUX daHuX. BiH dhopmye
HaBYAJIbHI BUOIPKH, TPOBOIUTH IXHE IMOTICPETHE OMPAIFOBAHHS Ta 3aITyCKA€E TPOIIEC
TpPEHYBaHHS TEHEPATHBHO-3MarajiibHOoi Mepexi. [liq dYac HaBYaHHS CHUCTEMa
QJIANTUBHO HAJTANITOBYE MApaMETPU MOJIEIICH 1 BUKOPUCTOBYE QJITOPUTMH OI[i HKH
SKOCTI OYMIIEHUX CHUTHANIB. ApPXITEKTypa MPOTrPaMHOrO 3a0e3MEeUeHHs aHali3y

aKyCTUYHUX CUTHAJIB BOJHOI'O CEpEIOBHIIA MIPEICTaBlIeHa HA PUCYHKY 4. 1.
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: denoiseTrainingService: DenoiseTrainingService
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* post()
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prediction_module}
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preproc ificati ice: Propr i atinnScrvlcc
- predict_ CNN_SOP, dataloader: D
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PradictionControl ler

- train(dataloader: Dataloader)
« create_dataset(dataset_folder: string): DenoisingDataset
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ModelCreator: AdaptiveModel
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reator)

- predictionService: PrediclionService
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- post()
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shared_module)

©PredictionExecutionDataset
- data: Tensor
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© MultiscaleConv_Big
+conv3x3: Conv2d
| - conv5x5: ConvZd
< convix7: Conv2d -—
| - bn: BatchNorm2d

- forward(x: Tensor): Tensor

© sop
- forward(x: Tensar): Tensor

€ MultiscaleConv_Small
+conv3x3: Conv2d _—
| © conv5x5: Convad
BatchNorm
| - forward(x: Tensor): Tensor

N {© AdaptiveModelCreator

| . config_provider: ModelConfig
-+ snr_calculator: SNRCalculator
- loss_selactor: LossFunctionSelector
| = check_snr_with_dataloader(dataloader: Dataloader): float
<+ init{self, config_provider: ModelConfig, snr_calculator: SNRCalculator, loss_selector: LossFunctmnSelector]
- create_model(model_type: str, loader: Optional[DataLoader]): torch.nn.Module

\

- ©DenoiseExecutionDataset
- noised_samples: Tensor
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« getitem(idx: int)

{©DenoiseTrainingDataset
- clean_samples: Tensor

- noised_samples: Tensor
. — [ len(): int

| - getitem(idx: int)

© CNN_SOP
—-___ - noise_level: str
" sop: SOP
= multi_scale_convl: MultiScaleConv_Small or MultiScaleConv_Big
- multi_scale_conv2: MultiScaleConv_Small or MultiScaleConv_Big
« fe_layers: Sequential

« forward(x: Tensar): Tensor

© Generatar
i = madel: Sequential
| = conv_layer(input_channel: int, out_channels: int): Sequential
_ .= deconv_layer{input_channel: int, out_channels: int): Sequential
- forward(x: Tensor): Tensor

€ ModelConfig
— - device: str
+ get_config(model_type: str): Dict[str, Any]

< init(num_classes: int, multi_scale_convl, multi_scale conv2, fc_layers, noise_level: str)

© sNRCalculator
! « compute_snrisignal: np.ndarray, sample_rate: int, freq_band: Tuple[int, int]): float

@ Discriminator
- model: Sequential
forward(x: Tensor): Tensor

[
© PreprocessDenoisingService
‘ — preprocess_denoising_features{audio_path: String): ndarray
« compute_stft{signal)
{ \CPred\ct\onTra\mngDataset
I - data: Tensor T
! - labels: Tensor .
len(): int
’ - getiter(idx: int) N
N
© PreprocessPredictionService | |
- preprocess_classification_features(audio_path: String): ndarray
l . compute_cqt(signal) |
Mormio— —oaoia, R
| _module|
I‘ (€ DenoiseCantroller | 1 (€ PredictionTrainingController
‘ . denoiseService: DenoiseService | - predictionTrainingService: PredictionTrainingService
[ - init(denoisingService: DenoisingService) 4 - init{predictionTrainingService: PredictionTrainingService)
) - post() - post()
1 - get() X - get()
AN | |
0 DenoiseService € PredictionTrainingService
4 pti odelCreator: Adaptf reator - adapti reator: Adaptf reator
« preprocessDenoisingService: PreprocessDenoisingService - preprocessClassificationService: PreprocessClassificationService
. dencise{model: Generator, dataloader: Dataloader): Tensor[] - train{model: CNN_SOP, dataloader: Dataloader): int
- create_dataset(dataset_folder: string): DenoisingExecutiDnDatasat - create dataset({dataset folder: string): PredictionTrainingDataset
« inverse_transform({signal_tensor: Tensor): nda « start_training(input: string, weights: string): string
- start_denoising_process{input: string, weights: strmg) string - init(preprocessClassificationService: PreprocessCl vice, adaptiveModelCreator: AdaptiveModelCreator)
- init{preprocessDy vice: Preproc ice, adaptiveModelCreator: AdaptiveModelCreator)

analyze_module),

© AnalyzerController

o dir_manager: DirectoryManager
o audio_analyzer: AudioAnalyzer

e init{(audio_analyzer: AudioAnalyzer, dir_ manager: DirectoryManager)

© AudioAnalyzer

@ DirectoryManager

o waveform_plotter: WaveformPlotter

o list_files(path: str): List
e make_directory(path: str): bool
e get_absolute_path(path: str): str

o spectrogram_plotter: SpectrogramPlotter
o feature_extractor: FeatureExtractor

o analyze(file_path: str, static_dir: str): Dict
o init{waveform_plotter: WaveformPlotter, spectrogram_plotter: SpectrogramPlotter,feature_extractor: FeatureExtractor)

© WaveformPlotter

© SpectrogramPlotter © FeatureExtractor

o plot(fs: float, data: np.nd

array, output_path: str) o plot(fs: float, data: np.ndarray, output_path: str) o calculate_features(y: np.ndarray): Di

@) piotter

e plot(fs: float, data: np.ndarray, output path: str)
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— ApxiTekTypa MporpaMHOrO 3a0€3MedYeHHs aHai3y aKyCTUYHUX

136




Mopayns prediction training module 3a0e3medye mporec HaBYaHHS
HEHPOHHOI Mepexi /Uil Kiacu@ikamli akyCTHYHUX CUTHaIB. BiH cTBOproe HaOip
JaHUX NI TPEHYBaHHS, BUKOHYE MIATOTOBKY XapaKTEPUCTHK 1 3aIycKae Mpouec
HaBuaHHs. CucTeMa ajantye KoH(]Iirypariro MoAel BIAMOBIIHO 10 XapaKTEPUCTHK

aKyCTUYHUX CEPEJIOBHIII, TO3BOJISIIOUHN MIABUIIUTHA TOUYHICTh PO3ITi3HABaHHS KJIaCIB.

Kmacu wmonyns shared module BkIOYarOTh JOMOMIDKHI CepBiCH, SIKi
BUKOPUCTOBYIOThCS BCiMa MOAYJsiMU. BoHu 3a0e3meuyroTh mornepeaHto o0pooKy
CUTHAJIIB, PEaNi3yI0Th aallTUBHE CTBOPEHHS MOJIeTIEH Ta BAKOHYIOTh CIIEKTPaJIbH1
neperBopenHs, Taki sk STFT 1 CQT. Cuctema O1iHIOE piBEHb IIIYMY B CUTHajax,
aJIaniTUBHO MIAOMPAIOYN apXITEKTYypy MEpexki 3aJeKHO BiJl CEpeOBUIIA 3aIuCy.
Mepexi BKIII0Ual0Th OararoMacimTaOHi 3ropTKH, IIIMO0KI 3rOPTKOB1 CTPYKTYPH Ta

reHepaTUBHI MOJIEN1 AJIs MPUAYIIECHHS IIyMiB.

Monayns analyze _module mo3Bossie TPOBOAMTH KOMIUIEKCHHH —aHai3
ayniodaiunis. Bin 3ailicHIOE Bizyasizallito 3BYKOBUX XBWJIb y BUTJIAA1 rpadikiB Ta
CIIEKTpOTpaM, a TaKOX BiJoOpakae XapaKTEPUCTHKH CHTHAITY. AHai3aTop Kepye
daiinaMu, BUKOHYE HEOOXiJTHI NMEPETBOPEHHS Ta HaJa€ KOPUCTyBauyy JETalbHY
1HbOpPMAILiIO TTPO CTPYKTYPY aKyCTUUYHUX JaHUX.

3arajoM, Taka apxitekTypa 3a0esneuye e(QeKTUBHY B3aEMOMII0 MK
IPUAYIIEHHSIM IIyMiB, Kiaacu(]ikalri€ero Ta aHamai30M aKyCTUYHUX CUTHaliB. BoHa
JI03BOJISIE TIPAIIOBATH 3 BEJITMKUMH HAOOpaMH JaHUX, aAaNTyBaTH MOJIEI 10 PI3HUX

YMOB Ta OTPUMYBAaTH TOYHI pE3yNbTaTH SK Yy pO3Mi3HaBaHHI KJIAciB, Tak 1 y

BITHOBJICHHI YACTHUX CUTHAJIIB.

4.1.2. Moayanb TpeHYBaHHA HelpoMepe:Ki 1Jis NpuayleHHs IyMiB
Monynpe denoise_training_module BigmoBizae 3a HaBYaHHS HEHpOMEpExKi

JUISL IIIyMO3AriylIeHHs aKyCTUYHUX CUTHadIB. BiH Kepye CTBOpEHHSIM JaTacery,

BUOOPOM MOJI€li, MIITOTOBKOIO JaHUX Ta 0€3MOCEPEHIM MPOLIECOM TPEHYBAHHS.
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Knac DenoiseTrainingService peamidye OCHOBHY JOriKy HaBuaHHS. BiH
BUKOpHCTOBYe PreprocessDenoisingService mis oOpoOku aymiodaiiiiB mepe
nojadyero B Hedipomepexxy Tta AdaptiveModelCreator nns BuGopy BiAmoBigHOT
apxitektypu. Metox start_training() mpuiimMae BxXimHi naHi y Burisai ¢ainy 3
BaraMu, iHII[IFO€ HABYaHHSI Ta IIOBEPTAE CTATyC BUKOHaHHS. Meto train() 3ailicHioe
HaBYaHHS TeHeparopa Ha ocHOBI manumx y Dataloader, naBuatoum wmomenn
IIyMO3ariayieHHs.

Monayns shared_module Hamae BakIMBI KOMIIOHEHTH JJIsl peaizarlii
TPEHYBAJIBHOTO TIPOIIECY.

Knac PreprocessDenoisingService BukoHye nepenoOpoOKy aymioCHrHalliB,
reHepytoun STFT-npencraBneHHs, sSK€ BUKOPUCTOBYEThCS SK BXIJT A
Helipomepexi. Ile mo3Bosie Mepexi mpaloBaTi 0€3MOCEePe/IHbO 13 YaCTOTHUMU
KOMIIOHEHTaMH CUTHAIY.

Knac AdaptiveModelCreator 3a6esneuye BuOip Ta iHimiamizamiro MoAei
nrymo3ariymieHas. Bin BukopuctoBye SNRCalculator mnst ominku piBHS 1mymy y
BXIJTHUX JIaHUX Ta MpUKUMae pilieHHs 00 KoHdIrypaiii Moaeni. SIKimo piBeHb
IIyMy BHCOKWH, OOUpPAEThCS CKIATHINIMK TeHepaTop, TOAI SK JJIS MCHII
3alIyMJIEHUX CUTHAJIIB MOJIEITb MOXe OyTH CIPOIIEHOIO.

Kimac Generator peanizye apXiTeKTypy T€HEpaTHUBHOI HEHpOMEpexi it
IIyMO3ariayIieHHs. BiH MiCTUTh 3TOPTKOBI Ta IEKOHBOJIIONIMHI Iapu Jisi 00poOKH
CHEKTPaJIbHOIrO MPEICTaBICHHS Ta PEKOHCTPYKIIIT OUHMILEHOTO CUTHAITY.

Kiac Discriminator BHKOpUCTOBYETHCSI B pa3i 3aCTOCYBaHHS I'€HEPAaTHBHO-
3MarajJbHOTO HaBuYaHHS. BiH jomomarae TOKpalIuTH SKICTh IIyMO3ariaylieHHS,
PO3PI3HSAIOYM OYMINEHI Ta pealbHI YUCTI CUTHAIM, 3MYIIYIOYH TEHEpaTop
CTBOPIOBATHU OUIBII TPUPOIHI pe3yIbTATH.

Kiac DenoiseTrainingDataset nmpencrasisie HaB4anbHUN HAOIp, IO MICTHTH
SK 3allyMJICHI, TaK 1 YMCTiI 3pa3ku, HEOOXIAHI JJIA TOPIBHSHHS Ta HABYAHHS

HeWpoMepexKl.
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4.1.3. Moay/b BUKOHAHHS NPUAYLIEHHS IIYMiB HeillpoMepexero

Monynb denoise module peainizye mporec nymMo3ariylmieHHs aKyCTHUHHX
CUTHAJIIB, 3a0€3IeUyI0uM YIpaBIiHHS 3alUTaMH, TIATOTOBKY JaHUX, BUOIp MOe1
Ta BUKOHAHHS [TyMO3arTyIIICHHS

Knac DenoiseController € ToO4Yko0 BXOay /i 30BHIINIHIX 3aIlMTIB,
npuiimatoun HTTP-3anutu Ta mepemaroun ix juist oOpoOku B DenoiseService.
Meton post() 3amyckae mpolec I[IyMO3ariylieHHs, Toai sk get() Moxke
BUKOPUCTOBYBATHUCS JIJIsl OTpUMaHHsI ctaTycy o0pookoro GET 3amnuris.

Knac DenoiseService BiamoBigae 3a oOpoOKy BXiIHHX JaHUX, CTBOPCHHS
HeHpoMepexki, BUKOHAHHS NPUAYIICHHS IIyMiB Ta PEKOHCTPYKIIO OYHIIECHOTO
curHainy. Bin BuxopuctoBye PreprocessDenoisingService s mepeTBOPSHHS
ayniodaiiniB y HeoOXigne npeactasienns ta AdaptiveModelCreator mis BubGopy
BIATIOBIIHOT reHepaTtuBHOI Mojmem. Meton start denoising_process() mpuiimae
IIISX IO BXIAHUX JaHUX 1 Bard MOJENi, BUKOHY€E NIYMO3ariylIeHHs Ta MMOBEPTaE
BifAdinpTpoBanuii curnan. Merox denoise() 3acrocoBye momennr Generator mo
KokHOTrO 3paska B Dataloader, a inverse_transform() meperBopioe oumMIICHHI
TCH30p y BHXiAHME aymiocurHan. Moxayns Shared_module 3abe3meuye ocHOBHI
KOMITOHCHTH, HEOOX1TH1 TUTS porecy IITyMO3arTyIeHHS. Kiac
PreprocessDenoisingService  BHKOHye  MIATOTOBKY  BXIIHOIO  CHTHANY,
obuncmoroun STFT, mo € BXigHUM MpeacTaBICHHSAM s Helipomepexi. Lle
JI03BOJISIE MOJIEITI MPAIIOBATH 3 YaCOBO-YACTOTHUMH XapaKTEPUCTHKAMH CHTHAITIB.
Kiac AdaptiveModelCreator BuGupae Ta iHimiaxizye BiIlIOBiTHY HEUPOMEPEKY IS
nrymMo3ariymeHHs. B pamMkax cTBOpeHHs HEHpOMEpeKi JUIsl IPUIYIICHHS IIyMiB
Generator, aganTuBHE CTBOPEHHS HEpPHOMEpEkKi HE 3acTOCOBYEThCs. CTpyKTypa
MOJYJIS TPHUIYIICHHS IIyMiB Ta HWOTro 3B’S3KM 3 KjJacaMH IHIIMX MOJYIIiB

MPEJICTABJIEHA HA PUCYHKY 4.3.
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Kiac Generator peanizye apXiTeKTypy HeMpoMepeKi JJIsl ITyMO3arTyIleHHs,
BUKOPUCTOBYIOYM 3TOPTKOBI Ta JIGKOHBOJIOLIMHI Imapu 1 oOpoOKu
CIIEKTPAJbHOTO IIPEACTABICHHS Ta BiIHOBICHHA aymiocurHamy. Moro BHXin
BUKOPUCTOBYETHCSI M1 (DOPMYBAaHHS OYMINECHOTO CHEKTPYy, SKHH TOTIM
PEKOHCTPYIOETBCS Y THMYACOBY 00JIACTb.

Knac Discriminator 3acTocoByeTbCss B pa3i BUKOPUCTAHHS T'€HEPATUBHO-
3MarajbHOTO HaBUYaHHS, JIOMOMArar4u TMOKPAIIUTH SKICTh OYHIINCHHX CHTHAJIB
IUISIXOM OIIHKH iX BIJIMIOBIHOCTI /IO YUCTUX 3Pa3KIB.

Knac DenoiseExecutionDataset npencrasisie HaOip JaHUX, 0 MICTHTh
3alryMJIeH1 3pa3ku JIs 110J1a4ul B MOEIb, 3a0€3MeUy0Un JOCTYI O KOKHOTO 3 HUX
y BIAMIOBITHOMY (hOopMaTi.

Takum unnoMm, denoise_module mae BuKOHYE 0OOpPOOKY BXITHUX 3aIllUTIB Ta
CTpeHyBaHHs, BHKOpucTOBYytoun cepsicu shared _module mis oOpoOku maHuX,

CTBOpPCHHA MOI[GJIi.

4.1.4 Monyab TpeHYBaHHsI HelpoMepexi s kiaacupikamii
AKYCTUYHMX CUTHAJIB

Monynpe prediction training module mpu3HadeHMd 111 HABYAHHS MOJICIICH
kinacudikamii aKyCTMYHMX CHUTHajiB. BiH Kepye CTBOPEHHSM HaBUYaJbHOIO
JaTacery, BUOOPOM MOJENI 3aJIeKHO BiJ PIBHA IIyMY, HABYAIBHUM IMPOIECOM Ta
yopaBimiHHsaM  rinepnapametpamu.  Kiac  PredictionTrainingController €
iHTepdeiicom nns  OTpUMAaHHsS 3alUTIB HAa HaBYaHHA. BiH B3aemojie 3
PredictionTrainingService, mepenatouu 3aluTH Ha CTapT TpeHyBaHHI. Metox post()
HIIIIOE HABYAJBHUN TpOIEC, TOAI AK get() MOkKe BUKOPUCTOBYBATHCS IS
OTPUMAaHHS CTaTycy TpeHyBaHHs. CTpyKTypa MOIyJs TPEHYBaHHs Kiacudikatopa

Ta HOTO 3B’ SA3KM 3 KJIacaMHM 1HIIIMX MOJYJIIB MPE/ICTABIICHA HA PUCYHKY 4.4.
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Knac PredictionTrainingService BUKOHYe OCHOBHY JIOT'IKY HaBYaHHS MOJEJIL.
Bin BukopuctoBye PreprocessClassificationService st oOpoOKM aymioCUrHasiB
nepen nogavero B mepexy ta AdaptiveModelCreator myis cCTBOpeHHS BiAMOBIAHOT
MOJIeJll, 3aJIeKHO Bin piBHSA wwymy. Mertox start training() npuiiMae HUIAX 10
BXIJHUX JAHUX Ta Bard MOJIEJNI, 3aIlyCKa€ HaBYaHHs Ta MOBEpTaE pe3yibTaT. Meron
train() 3aiiicatoe HaBuaHHs Mojeni CNN_SOP, BUKOPUCTOBYIOYM MIATOTOBICHHIMA

AaTacCT Ta BaI[aHi nmapamMeTpu.

Monayns shared_module 3abesnedye KarO4OBI KOMIIOHEHTH JUIsi POOOTH
Monyns HaBuaHHs. Kiac PreprocessPredictionService BHKOHYE MiIrOTOBKY
aynioaitmiB s HaBuaHHs, oOuuciioroun CQT, mo € HeoOXiTHUM BXiJTHUM
PEACTaBICHHSAM JJIs KiacupiKaliifHOT Mepexi.

Knac AdaptiveModelCreator BimmoBimae 3a CTBOpEHHS BiAMOBIIHOT MOJEII,
aHaI3yI04YH piBEeHb MIyMYy Y BXigHuX ganux. Bin BukopucroBye SNRCalculator gist
OI[IHKM BIJHOIICHHS CHUTHAJ/IIyM 1 Ha OCHOBI IIbOTO BHOHWpAe IMapaMeTpH
apXiTeKTypH. SIKII0 piBeHb IIYMY BHUCOKHH, MOJIeNb OTPUMYE OUIBII CKJIAJIHI
OaraTomacimTabH1 3ropTKU Ta 1€ OJWH 30UTBIICHUN PO3IMIMPEHUN MTOBHO3B I3HUI
map. B iHImoMy BHITaJIKy 3aCTOCOBYETHCS CIPOILEHA Bepcisa apXitekTypu. Kiacu
Generator ta Discriminator e cTBOPIOIOTBHCS B paMKax TPeHYBaHHs KiacudikaTopa.

Knac ClassificationDataset npeacrasisie Habip JaHUX, 110 BAKOPUCTOBYETHCS
MiJ Yac HaBYaHHSA Mojeli. BiH MicTHTh TeH30pu data mis 30epekeHHS BXITHHX
nanux Ta labels mis BignmoBimHux MiToK KiaciB. Meton len() moBeprae KiIbKICTh
3pa3kiB y Habopi manmx, a meron getitem(idx) mo3Boisie oTpumaru OKpeMUi
€JIeMEHT 3a I1HJIEKCOM, IO BUKOPUCTOBYETHCS Tij] Yac 3aBaHTAKECHHS OaTdiB y
Dataloader.

PredictionTrainingComponent nampsimy kepye PredictionTrainingService,
SIKUH BIJMOBIJA€ 3a MIATOTOBKY JaHMX, BUKJIMKae PreprocessPredictionService ms
obuucnennst o3Hak Ta BUKoprcToBye CNN_SOP st BukoHaHHS Kiacuikairii.

Mogens CNN_SOP wmictuts piBai SOP ta MultiScaleConv, mo mo03BoisioTh
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itoOpobOnsaTi ckimaaHi akyctwyHi curHamu. PredictionTrainingService Takox

npairtoe 3 PredictionTrainingDataset, sikuit MicTUTB BX1JIHI JaH1 I HABYAHHS.

4.1.5. Moayib BUKOHAHHA KJacu(pikanii akyCTUHYHMX CUTHAJIB

Monyne  prediction_module peamizye mporec NpPOTrHO3YBaHHS IS
aKyCTUYHHMX CHUTHAJIB, 3a0€3MeUyl0uH YIPABIIHHS 3alUTaMH, 0OpOOKYy BXITHHX
JTAaHWX, CTBOPEHHS MoJieJiel 1 BUKOHaHHs nependadeHHs. BiH MiCTUTh J1Ba OCHOBHI
knacu: PredictionService Ta PredictionComponent, siki TICHO B3a€EMOJIIOTH MIXK
co0010 Ta 3 IHIIMMHU MOJYJISIMU.

Knac PredictionController € ocHOBHOH TOYKOIH BXOMY JJsi 30BHINIHIX
3anutiB. Bin orpumye HTTP-zanutu Ta mnepemae ix mna oOpoOku B
PredictionService. Merox post() mpuiimMae 3anuTH Ha BUKOHAHHS Iepea0adeHHs,
toi sik get() BukopuctoByeTbes i 00pooku GET 3anutiB. CTpyKTypa MOTyJIs

Knac PredictionService € 0CHOBHOIO O0i3HEC-JIOTIKOI MOIYJIS, KEPYIOUH
CTBOPECHHSIM JaTaceTy, BUKOHAHHSIM Iepen0adyeHHss Ta 0OpOOKOI0 ay1i0CUTHAIB.
Bin BukopucroBye PreprocessPredictionService mis Bunyuenns 3uauenb CQT, a
takox AdaptiveModelCreator mis cTBopeHHs BiamoBigHOI HelipoMmepeki. Meroa
make_prediction() npuiimMae aymiodaiia i Baru Mojelli, BUKOHYE mepe1o0poOKy Ta
nepeadadeHHs, MOBEPTAIOYH PE3yIbTAaTH Y BUIIISAAI clIoBHHKA. MeTtox predict_one()
3actocoBye Mojaenb CNN_SOP no oxpemoro 3pa3ska JaHUX, OTPUMAHOTO 3
Dataloader.

Monynbe shared_module 3abe3mneuye 6a30By (QyHKIIOHATIBHICTH, HEOOXITHY
mis nependoadeHns. Kirac PreprocessPredictionService BukoHye mnepemnoOpoOKy
ayJiocuTHaIy, 30kpeMa Buirydae Ter3opu CQT 3 4acoBOTo mpecTaBiIeHHS BXITHUX
nanux wmoxeai CNN_SOP .Knac AdaptiveModelCreator ctBopioe BiamoBimHy
HEUpOMEPEKY, IPYHTYIOUHCH Ha KOH(IrypaIlii mprCcTpoOrO Ta Ha3Bi BXiTHUX Bar. Bix
BukopuctoBye ModelConfig s otpumanns napamerpiB mozeni Ta SNRCalculator
JUISl OLIIHKU PIBHS IIYMY Yy BXIJHHUX AaHUX. B pamkai npoBeneHHs Kinacudikarrii
BXIJHUX JaHUX, MOJIeJIb CTBOPIOEThCA 0€3 ypaxyBaHHAM pe3yJbTaTiB

SNRCalculator. Knac CNN_SOP peai3ye apxiTeKTypy 3ropTKOBOi HEHpOMepexi,
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Knac  PredictionExecutionDataset  mpencraBisse  Ha0lp — JaHWX,  SKHAN
BUKOPUCTOBYEThCS I Niepei0adeHHs], 3a0e3Meuyoun JOCTYIl 10 1HAUBIyalbHUX
3pas3KiB.

PredictionComponent 6e3nocepennbo 3anexuth Bij PredictionService mis
o0poOku 3amuTiB. Y cBowo uepry, PredictionService moknazaeThcs Ha
PreprocessPredictionService ISt HiIFOTOBKH byHKIIiH i
PredictionExecutionDataset mys 30epiranHsi CTpyKTypoBaHUX jgaHuX. Ha cxemi
TaKOX mMokaszaHo, sik PredictionService Bzaemonie 3 AdaptiveModelCreator, mio

HiIKPECIIIOE MO0 POJIb y aanTUBHOMY cTBOpeHH1 HelpoHHUX Mepexxk CNN-SOP.

4.1.6. Moayab aHai3y aKyCTHYHUX CUTHAJIB

Monayne analyze module BigmoBimae 3a aHamiz ayaiodailiiB, iXHIO
Bi3yasizallilo Ta OOYMCIEHHS XapaKTepucTUK. OCHOBHUM KEPYIOUUM KJIAcCOM €
AnalyzerController, sxuii koopauHye poOOTy TIJIETNIMX KOMIIOHEHTIB. BiH
B3aemojie 3 DirectoryManager, 1o 3aiMaEeThCs YNpaBIiHHAM dailaMu Ta
TUPEKTOPisiMH, a TakoXkK 3 AudioAnalyzer, sskuit TpoBOAUTHL OE3MOCEPEIHIN aHATI3
ayniocurnaiiB DirectoryManager Haae MOXKJIUBICTh OTPUMYBATH CIIMUCOK (paiiiiB
y BKa3aHii TUPEKTOPii, CTROPIOBATH HOB1 AKX Ta OTPUMYBATH aOCOTIOTHHUM MUIAX
1o daiiniB. AudioAnalyzer BignmoBizae 3a 00poOKy ay1i0CUTHAJIIB Ta BUKOPUCTOBYE
tpu  mimmermi  kommoHeHTH:  WaveformPlotter,  SpectrogramPlotter 1
FeatureExtractor. WaveformPlotter cTBOptoe rpadik dopmu curHamy, a
SpectrogramPlotter Oynye cniekTporpamy, 110 103BOJISE Bi3yalli3yBaTH YaCTOTHUH
po3nonin curHary. O0uaBa Kilacu yCTaJKOBYIOTh abcTpakTHHiA Kinac Plotter, sikuii

BU3HAYA€ €AMHUN 1HTEpQEIC A Bizyasizallii ay1iogaHux.

FeatureExtractor BUKOHye OOYMCICHHS PI3HUX XapaKTEPUCTHK CUTHAIY,
TaKuX $K CTaTUCTUYHI TmapaMeTpu ab0 1HIII TOKAa3HUKH, 10 MOXYTh

BUKOPHUCTOBYBATHUCS JJIsl HOJIANIBIIOTO aHaNi3y a0o knacudikaiii. OCHOBHUI METOT
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analyze y AudioAnalyzer o6po0Onsie ayniodaiin, kepye CTBOPEHHSM BiIMOBIAHUX

Bi3yalli3allii Ta BUTATYE XapaKTEPUCTUKHU, MOBEPTAIOUM PE3yJbTaTH y BHIJISAL

cnoBHuka analyze y AudioAnalyzer oGpo0nsie ayaiodaiin, Kepye CTBOPEHHSIM

BIJIMOBIJHUX Bi3yali3alliil Ta BUTATY€E XapaKTEPUCTUKH, IOBEPTAIOUN PE3YJIbTATU Y

BUIJISI/II CIOBHUKA, IO BKJIIOSA€E Pi3HI XapaTepucTku curHainy. CTpyKTypa KiaciB

MOJIYyJIsl aHAJT13y TIPe/ICTaBIeHa Ha PUCYHKY 4.6.
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4.2. AnanTUBHMH NalIJIaiiH VIS CTBOPEHHSI HelipoMepekeBUX MojieJsiei

[linBoAHI aKyCTHMYH1 CHTHajdd XapaKTepU3YIOThCS 3HAYHOIO MIHJIMBICTIO
AKOCT1 4Yepe3 KOJIMBAHHS PIBHIB HABKOJUIIHBOrO IMIyMy. [lisi BupilIeHHS i€l
npoOJIeMHU OMHMCAHO aJANTHBHY apXITEKTYpy HEHPOHHOI Mepexi, sKa JUHAMIYHO
3MIHIOE CBOIO CTpPYKTypy 3anexHo Big SNR BxigHoro curnany. Cucrema
opranizoBana B Tpu monyibHi komrnoHeHTH — SNRCalculator, ModelConfig Ta
AdaptiveModelCreation, — ski pa3oM [T03BOJSIOTH BUOMPATH ONTUMAJIBHY
CKJIAAHICTh MOJENl I HaAliHOI Ta e(eKTHBHOI KiIacu(ikamili aKyCTHUYHHX
curHaiiB. Hiokue neTanbHO OMHUCAaHO KOXKEH KOMIIOHEHT Ta OOIPYHTOBAaHO
nepeBarn SNR-opieHTOBaHOi ajanramii apxIiTEKTypu 3 TMOIMISAAY CTIAKOCTI,
y3arajJbHeHHs i 00YUCITIOBAIBHOT €)EKTUBHOCTI B YMOBaX MiJBOIHOT aKyCTHKH.

Haniiine ouinroBanHs SNR € mepumiM Kpokom Yy po0OOTi aganTHBHOT
apxitektypu. SNRCalculator o6unciioe 3nadensss SNR 1 BXiIHOTO CUTHAITY 3a
JIOTIOMOTOI0 MeTOoAy Benua OIiHIOBaHHS CIEKTPalbHOI TYCTHHU MOTY>KHOCTI.
Meron Bemua cermentye curHai, 3actocoBye STFT 1 ycepemHioe oTpumMadi
CIIEKTpaJibH1 OIlIHKH, 3HWXKYIOUM Bapiamii B OIlIHKax crekTpy. KoHkpeTHo,
SNRCalculator inTerpye PSD y Bu3HaueHi# 4aCTOTHII CMy31 CUTHAILY, HAITPUKIAI,
100-300 I'tr 1 mopiBHIOE OTPUMAHY €HEPTi0 3 3aTAIBHOI0 CIIEKTPATIbHOIO CHEPTIEI0
curHany, (opmyroun TakuMmM uduHOM cMmyroBui mokasHuk SNR. Ile mo3Bosse
HAJIITHO OIIHUTHU PiBEHb IIIyMY HABITh Y JMHAMIYHUX YMOBaX.

ModelConfig — e aGcTpakTHH CTPYKTYPHHH piBCHB, KM BU3HAYa€ 1
30epirae kKoH}irypariii pi3HUX HEHPOMEPEIKEBUX MOJCIECH, 110 BUKOPUCTOBYIOTHCS
B cucteMi. Bin 3a0e3neuye yHidikoBaHuii iHTepdeEiic s CTBOPEHHS MoJemeH 13
3aJJaHUMH TapamMeTpaMu apxiTekTypu. Lleit Moaynb BiJOKpeMIIIO€ BU3HAUCHHS
apxIiTEeKTyp BiJ aJanTaIifHOi JOTIKH, IO CIPOIIYE MATPUMKY KOIY i 3a0e3mneuye
MOCITTOBHICTh KOH(DITyparliii pisHUX MOJEIEH.

AdaptiveModelCreation — OCHOBHMII KOMIIOHEHT, II0 JWHAMIYHO OyAye
HEUPOHHY MEpEexKy, aJanToBaHy 10 piBHs wymy. Lleid Moaynb Mae ABa pexUMHU

poboTu — Bubip momeni Ha ocHoBi SNR Ta BuOip Mozeni Ha OCHOB1 Ha3BM Bar. Bubip
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1 CUTHAJIIB
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SOP. Ha pucynky 4.7
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JUIsi HU3BKOTO PIBHS LIYMY CTBOPIOETHCS IMPOCTIIIa MOJENb 13 MEHILIOKO
KUIBKICTIO IIApiB Ta MEHUIOK KUIBKICTIO HEWpOHIB. JlJisi yMOB BHCOKOIO LIyMY
OyIyeThCs CKIIAIHIIIA MOJIEIIb , 1110 Tiepadavae OUIbITY KUTBKICTh 3ropTok B MSC
Ta OUIBIY KUIBKICTh MMOBHO3B'SI3HUX 1IapiB. 3aBaHTAKEHHS MOTIEPEIHHO HABUYEHUX
Moenen s kiacduikallli nependadae BUSHAUCHHS TUITY apXITEKTypH 3a HA3BOIO
BXIIHMX Bar 1 CTBOPIOE BIAMOBIIHY KOH(Irypalio MoJesl Nepe]l 3aBaHTaKEHHAM
Bar. lleii amanTuBHUN MiIXiJ 103BOJIsIE€ 30aIaHCYBAaTU CKIAAHICTh MOJIEN i YMOBHU
mymy, 3abe3nedyroun e€(eKTUBHICTh pOOOTH CUCTEMH 3 JaHMMHM L0 3alHMCaHl B
pI3HUX YMOBaX MiIBOJHOTO cepeaoBuia. J{is 3aaad TpeHyBaHHS HEHpOMEpPEeK st
NPHUIYIICHHS IIyMIB Ta BUKOHAHHS MPUAYIICHHS IIyMiB, aJIallTUBHE CTBOPCHHS
MojieNiel HE 3aCTOCOBYETHCS.

HaykoBuii pe3yapTaT aucepTallii IMojisra€ y CTBOPEHHI apXiTEKTypH
OPOrpaMHOrO 3a0e3MeueHHs JJIg aHali3y aKyCTUYHUX CHUTHAIIB BOJIHOTO
CepelloBUIIa, IO IMIIJIEMEHTYE a/IallTUBHE CTBOPEHHS HEHPOMEPEKEBUX MOJIECH.
3anponoHOBaHMUN MiAX1A O3BOJSE 3HAYHO 3MEHIIUTH 3B SI3HICTh CHUCTEMH,
3a0e3Ieuyoud MOJYJIBHICTh Ta PO3AUICHHA (YHKIIIOHAIBHOCTI, IO TOJIETIIYy€E
PO3IIMPEHHA Ta MIATPUMKY MPOrPaMHOr0 KoMIuiekcy. OnrTumizaiis Koay
JIOCSTAETHCS 3aBISKH IIEHTPATI30BaHOMY 30€piraHHIO IMapaMeTpiB Ta MOJIEICH, 110
yCyBa€ HEOOXIIHICTh iX PO3KHUIAHOTO PO3MIIICHHA Y PI3HUX cepBicax Ta
mijicucTeMax.

JunamigHa 3MiHa apxiTekTypu Mojeni Ha ocHoBi SNR mpomukToBaHa
3HAYHOIO MIHJIMBICTIO MIIBOJHUX aKyCTUYHUX cepenoBul. Llelt amanTuBHUA
MiAXiA  J03BOJSE IMJABUIIUTH CTIMKICTh JO IIyMYy 3aBJSKH BUKOPHUCTAHHIO
cknaaimoi MSC B yMOBax CHIIBHOTO IIIyMY, IO TIOKPAIIy€ TOYHICTH KiIacugikarii
yepe3 eeKTUBHE BUIUICHHS O3HAK, CTIMKUX JI0 MIyMOBHUX mepemkoa. Kpim Toro,
3aBISKM BHKOPHCTAHHIO JBOX CITCIIIAII30BaHUX MOJICIICH, SKI ONTHUMI30BaHi
BIIMOBIAHO A0  PI3HUX PIBHIB IIyMy, CHCTeMa JIEMOHCTPYE  Kpaury
y3arajbHIOBAJIbHY 3/IaTHICTh, 1[I0 MIABUILYE Ii 3arajibHy TOYHICTb y PIZHUX

aKyCTUYHHUX yMOBax. B ymMoBax HHU3BKOTO IIyMy BUKOPUCTOBYETHCS MPOCTIIIA
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apxiTeKTypa, SKa 3HAYHO 3HIKYE BUTpPaTH OOYHUCITIOBAIBLHUX PECypcCiB, IO
0COOJIMBO BaXXJIMBO B PECYPCHO OOMEXEHUX IMIABOJAHUX CHUCTeMax. 3aBISKU 1A
cnemjamizauii Mojenel, cuctemMa TakoXK 3ale3nedye MIABUILEHY CTIMKICTh 110
NepeHaBYaHHS, OCKLTBKH JIO3BOJISIE ONTHUMATBHO HAJAIITOBYBATH PETYISIPH3AIIIO
3aJIeXHO BIJ YMOB cepefnoBulla. Hapemiri, 3aranbHa CTpYKTypa CHCTEMH
3a0e3mneuye BUCOKY MOYIIBHICTD 1 PO3IIMPIOBAHICTS, IO CIIPOIIYE BIPOBAKEHHS
HOBUX METOJIB 1 JIO3BOJISIE JIETKO aJanTyBaTh il 70 MailOyTHiX BuUMOTr. OTXe,
aJlaliTHBHA apXiTEKTypa MOJiei 3a0e3neuye eeKTUBHE BUKOPUCTAHHS HEHPOHHHUX
MEPEX I aHaji3y WiABOAHMX aKyCTHYHUX CHUTHAIIB, TOETHYIOYH BHCOKY

NPOJYKTUBHICTD 13 EKOHOMIEIO PECYPCIB 3aJI€KHO Bl YMOB €KCILTyaTallii.

4.3. AaropuTtMiuHe TMpPeEACTABJEHHSI NPOrPaMHOr0 3aco0y aHamidy
AKYCTMYHUX CUTHAJIIB BOJIHOI'0 CepeI0BUIIA

4.3.1. Onuc OCHOBHOI0 AJTOPUTMY MOAYJsI BUKOHAHHS KJjacudikamii
AKYCTUYHMX CUTHAJIB

Jliarpama omnrcye mpoiiec poOOTH MOAYJIS ITPOTHO3YBAHHS, TTOUYMHAIOYHN Bif
3amUTy KIEHTA Ta 3aKiHIYIOYM OTPUMaHHIM TepeadadyeHux pe3ynabraris. [porec
iHimiroeTbes, komu Client Hajcuiae 3anmuT Ha porHo3yBaHHs. Prediction Service
IpUiMAaE 3aIuT 1 BAKOHYE [MOYAaTKOBY iHiIiai3alito cepsicy. Ilicis iporo Adaptive
Model Creation ctBoproe CNN_SOP, sxa Oyme BHUKOPHUCTOBYBATHCS JIJIS
BUKOHaHHS ITporHo3iB. Jlami Prediction Service 3aBaHTa)kye Baru Mojei. Ko i
9ac IIbOT0 KPOKY BHHHMKAE TOMHJIKA, BOHA OOPOOISETHCS BIAMOBIAHO, 1 TIpOIEC
3aBeprryeTbcs. Ha HactymHomy etami File Processing 3milicHIoe ormepaliro
dbopMyBaHHS criMcKy ayniodaiiniB. SIKIIO Ha IIbOMY €Tari BUHUKA€E TTIOMIJIKA TIPU
34NTyBaHHI CIUCKY (aiiiniB, cucremMa o0po0Isie ii Ta 3aBepurye poOoTy. Skio Bce
MpaIto€ KOPEKTHO, IIOYNHAETHCS MPOIEC 0OPOOKH KOKHOTO ayaiodairy mo gepsi.
daiin  3aBaHTaXYETbCS, TICHsA dYOoro Preprocessing mNpoBOAUTh BUTATHCHHS
XapaKTEPUCTHUK 3BYKY Ta iXHIO oAabILy 00poOKy. [1iIroTOBIIEH] XapaKTepUCTUKU

nepenaroTees B Model, 1e Mojenb mepeBoIUThCSI B PEKUM OI[IHIOBAHHS, a IMOTIM
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BUKOHY€E MPOTHO3YBaHHA. OTpUMaHi pe3yIbTaTh MPOTHO3Y MEePEeNaloThCs Ha3al y
Prediction Service, skuii 30epirae ix ans mojanbiioi 0OpoOKH. ANTOpUTOM

BUKOHAHHS Kiacu@ikailii akyCTUYHUX CUTHAJIB MPEJCTABICHO HA PUCYHKY 4.8.

Activity Diagram for Audio Classification

PredictionController PredictionService |AdaptiveModelCreation

-

-~ ™
| Receive POST reguest |

) ¥

Parse input weights path
and dataset path

I S

|.. Load input data |
M -

Weights Load Error?

yes

-
| Handle Error |
p
e T
| Preprocess input data |

2

Prepare dataset and
create dataloader

¥

e Y
| Load weights |

Data load error?

yes

| Handle Error \|

. Y.

e ™
Configure input shape |

and device
AN Y,
| Create CNN_SOP model |
| based on weights |

N

I ™y
| Process each batch |

PR 2

I: Make prediction :I

More batches?

Retum and parse
classification result
. Y.

¥

' "y
| Return results of classiifcation |

®

Puc. 4.8. Anroputm knacudikaiii akyCTHIHHX CUTHAITIB

[Ipouec TpuBae, moku He Oy/ie OMpaIbOBAHO BCi 1OCTyMHI ayaiodaiinu. Komm
o0po0Oka 3aBepmryerbest, Prediction Service koMImiIroe Bei pe3ysIbTaTH B €IHMHHMA
HaOlp BuxigHux pgaHux 1 nepemae ix Client, sxmit oTpuMye ocrtaTodHe

nependaveHHs. [licns upboro mporiec 3aBepIryeThCsl.
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4.3.2. Onuc OCHOBHOIO AJITOPUMY MOAYJS BHKOHAHHSA NPUAYILICHHS

(poHOBHX HIYMIB Y AKYCTHYHHUX CUTHAJIAX

[Tporec BUganeHHs MIyMy 3 ayaio IOYMHAETHCS, KOJIM KOPUCTYBAaY OTPUMYE
JOCTYNl 70 CTOPIHKM JEHOM3MHTY uepe3 BeO-iHTepdeiic. KopucrtyBau Bkazye
KaTtajor, U0 MICTUTh BXIIHUN HaAOIp AaHMX 13 3alIyMJICHHUMH ay[aio3pa3kaMu, i
HaJa€ NUIX 10 (ailry 3 morepeHhO0 HABUSHUMHU BaraMu HeUpoHHOT Mepexi. [Ticis
3aIIOBHECHHSI HEOOXITHUX TOJIIB KOPUCTYBa4 HAJCUJIAE 3alMT Ha 3alyCcK oreparrii
NPHTYIICHHS IITYMIB.

[Ticnsa orpumanns 3anuty DenoisingController Butsirye ta ananizye nuisixu
no Habopy nmanux 1 (ainy Bar. Jlami cucrema 3aBaHTa)XKye BXIiJHI JaHi Ta
HaMaraeTbCcsl OTPUMATH BKa3aHI Bard Mojeii. SIKImo mig 4Yac I[bOoro Iporecy
BUHUKA€E IOMUIIKA, CUCTEMA 00p00JIse MpobiieMy Ta 3yluHA€ BUKOHAHHS. B iHIomy
BUIIAJIKy BOHA TPOJIOBIKYE TOMEPEIHI0 00pOOKY BXITHUX JaHUX, CTPYKTYpy€E HaOip
naHux 1 iHimianizye Dataloader mis edekTrBHOT TakeTHOT 0OPOOKH.

Ha wnacrynromy eram AdaptiveModelCreation 3aBaHTaxye MOImepeaHbo
HABUYEH1 Baru, MepeBipsIOYN iXHIO KOPEKTHY BIMOBIHICTH Mozemi. Skio mporec
3aBaHTa)KEHHS Bar HE BIAETHCS, CHCTeMa (PiKCY€e MOMMIIKY 1 IPUITUHSAE BUKOHAHHS.
VY pa3i ycrixy MoJenb HaJallTOBYEThCA NUISIXOM BU3HAYECHHS (OpMHU BXITHUX
JaHUX 1 BUOOPY OOYMCIIOBAIBHOTO MPUCTPOIO, 3aJEKHO BiA AOCTymHOCTL. Jlam
CTBOPIOETHCSI MOJIE]b TE€HepaTopa, sika MPOWIIIIS 1HIIaTi3amilo Ta TOTOBa [0
MPUAYIICHHS IIYMiB.

Hami, B DenoiseService po3movynHae MPUIYIICHHS MIYMiB, J¢ 3allyMJICHI
aynio3pa3ku 0OpOOIISIOThCS TakeT 3a makeToM. KoXeH makeT MpPOXOAWTh Yepes
CTBOpPEHY MOJIEIb, IKUIl BUKOHYE TIpUAyIIeHHs (poHOoBUX mrymiB. Lleit itepamiiiamii
MPOIIeC TPUBAE, TOKH BC1 IOCTYITHI MMAKETH HE OYAyTh 0OPOOIICHI.

[Ticns 3aBeprieHHS TPOIECY MPHUAYIICHHS, OTPUMaHI TEH30pU OUYHIICHUX

curHaniB npoxonsatek ISTFT mms meepTBOpeHHS TEH30pIiB B CHUTHAJI B YacOBii
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obnacti. KoxkeH mneperBopeHMil curHan 30epira€TbCsi y HOBOCTBOPEHIA Mamill.

[Ipouec TpuBae, 10K BC1 OYUIIIEH] CUTHAIU HE OyIyTh 30€peKeHI.

[Ticas yemimuoi 00poOKH BCIX aya103pa3KiB (hOpMYeThCs MOBIIOMIIEHHS PO

ycmix. Ha pucynky 4.9. npeacraBieHuil anroputM OpuyieHHs] (POHOBUX LIYMiB.

Activity Diagram for Audio Denoising with Exception Handling

DenoisingController DenoiseService

-

-~ Y
| Receive POST request |

e Ty
Parse input weights path
and dataset path

L

AdaptiveModelCreation

I S

|: Load input data .'|
. '

Weights Load Error?

yes

e )

| Handle Error |

. p,

e ™

| Preprocess input data |
| Prepare Dataset |
\ J

-
| Create Dataloader |

e —

I A
|.. Load weights |
\ )

Weights Load Error?

yes

I ~
| Handle Error |

\_ Y,

e Y
Configure input shape |

and device
&

J

rd ™
| Create Generator model |
Y,

N

| call evaluate_modified |
- S

2,

-

I \
| Process each batch |

—

| Meural network denoising |
L Y.

Mare batches?

Id ™y
| Inverse STFT transformation |
\_ p,

I

| Save dencised audio |
iy

¥

e N
| Render success message |
| Y.

%

Puc 4.9. Anroput™ npuaymeHHs ITyMiB aKyCTUYHUX CUTHATIB BOJHOTO

CepeIOBHIIA
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4.3.3. Onuc OCHOBHOr0 AJITOPUMY TPEHYBAaHHH HelipoMepexi ais

NpUAYLIeHHs (POHOBHUX LIYMiB BOJHOI'0O CEepeA0BHILA

[Tporec HaBYaHHS MOYJIS JCHOW3UHTY TIOYMHAETHCS 3 IMTIATOTOBKY JTAHUX, JI€
3aBaHTAXKYIOTbCS MAapUW YHMCTUX 1 3alIyMJIEHUX ayaio3pas3kiB. Skmo mijg dac
3aBaHTaKECHHs (ailyliB BUHUKA€E TTOMUJIKA, CUCTEMA HAJEKHUM YMHOM 00poOJIse il
Ta MPUMUHSAE BUKOHAHHS, 100 3am00IrT Mo ajibIniii 00poOIi HEKOPEKTHUX JaHUX.
[Ticas ycmimHOro 3aBaHTaKEHHs HAOIp JAaHUX PO3JAUISETHCS HAa HABYAJIBHUU 1
BaJiJallifHUN HAOOpU, IO JO3BOJISIE MOJIENIl HABUATHUCS HA YAaCTHHI JaHHUX,
3JIMIIAI0YH THITY YaCTUHY JIJIS OIIHKH.

[Ticas MiATOTOBKM JaHUX CHCTEMa MEPEXOJMTh JIO €TaIly CTBOPCHHS MOJICIII.
Generator i Discriminator HanamToBYOTHCS 3 BIAMOBIAHUMHU BXITHUMH PO3MipamMH
Ta OOYMCITIOBAIBHMUMH MPUCTPOSMH, 3a0€3MEUyI0UYN apXiTeKTypy, HEOOXIiaHY IS
3MarajbHoro HaBdaHHA. [licig 1Himiai3amii MoOJeJIEd IIOYMHAETHCA eTall
nomnepeaHboi OOpOOKHM, TIiJ dYac SKOro ayaio3pa3kd HOPMaI3yIOThCS IS
NpUBEICHHS X y craHgapTHuii Qopmar. Jlanmi curHamum nepeTBOPIOIOTHCS Y
CHEKTPOrpamMu, IO CIPOINye iXHIO 00poOKy HelpoHHOI Mepexkero. Ilicns mbporo
HaOlp JaHUX CTPYKTYPYETHCA Y MIHINIAKETH, 110 J103BOJIsIE €)eKTUBHE HABYaHHS Ha
HEBEJIMKUX YacTHHAX JaHuX. dDa3a HaBUaHHS MPOXOAUTH Y BUTJISAL 1TEpalliiiHOTO
IIUKITY, JIe KOXKEH MIHIMAKET 13 3alIyMJICHUMH Ta YUCTUMHU JTaHUMHU 0OpOOIISIETHCS.
Generator cTBOprO€ OYMINEHI BUXIJAHI CHUTHaNW, SKI TOTIM OI[IHIOIOTHCS
Discriminator. I'pagientn Discriminator ckumaroThcs, i HOro 3Ha4YCHHS BTPATH
PO3PaXOBYIOTHCSA OKPEMO JJIS PEAIbHUX 1 3TreHePOBAHUX JAHUX TEpe]l MiAPaXyHKOM
3arajJbHUX BTpaT. BUKOHYETHCS 3BOPOTHE MOITUPEHHS TOMUIKHA, OHOBIIIOIOYY Baru
Discriminator mist mokpamieHHs HOTo 31aTHOCTI PO3PI3HATH peaibHi Ta 3reHepOBaHi
3pasku. [lepiogndHo, 3T1IHO 3 BABHAUYEHOI YMOBOIO, TAKOX CKUIAIOTHCS TPATIEHTH
Generator, i 004YHCITIOIOTHCSA KiJIbKa KOMITIOHEHTIB BTpaT, BKIrouaroun adversarial
loss, pixel loss i correlation loss. 1li BrpaTu BuMiprooTh edektuBHIcTE Generator y
CTBOPEHHI SIKICHUX OYUIIEHUX CUTHAJIB, 30€piralouu Mpu [[bOMY IXHIO OYATKOBY

cTpyktypy. Barm Generator motiM OHOBIIOIOTBCS 4Yepe3 OOUYMIICHHS 00EPHEHOTO
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poxoy Heilipomepexi . LIMKi TpeHyBaHHS IPOTATOM €MOXH TPUBAE JT0TH, TOKHU BCI
MIHIITAKETH B enoci He OynyTh oOpoOieHi, micias yoro Generator mepexoauts y
pPEXUM OI[IHIOBaHHS. AJTOPUTM TPEHYBaHHA HEHpoMepexi s NpUAYLICHHS
(hOHOBUX IIYMiB BOJHOTO CEpPEIOBUIIA MPEICTaBICHUN HA pUCYHKY 4.10.

Training Process for train module

Data Preparation AdaptiveModelCreation Training Loop Validation Loop

- ~
| Load Audic Files |

File Load Error?

yes

[ Handle Error |
. .

e -
Compute CQT
tensors

I —

- \
Configure input shape
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[lin gac BamimamiiiHOi a3y 3aBaHTAXYIOTHCA MIHIMAKETH BaliJallliHUX
nanux, 1 Generator oOpoOsie X, CTBOpIOIOYM ovMIneHi Buxomu. Discriminator
OI[IHIOE SIK pealibHI, TaK 1 3reHepoBaHl 3pa3Ku, OOYHUCIIOYM CBOi BIAMOBIIHI
BTpatu. Brpatu Generator Takox po3paxoBYIOTHCS aHAJIOTTYHO MPOIIECY HABYAHHS.
SIkmo Generator mocsirae Kpamoro 3Ha4eHHs BTpaT Hix Discriminator, ioro Baru
30epiratoThes, 1mo00 3adikcyBaTH ONTUMAIBHUN CTaH MoJei. AHAJIOTIYHO, SIKIIO
Discriminator nocsirae 3HaueHHs QyHKIIIT BTpAT MEHIIOI, HK HaWKpaIie 3HAYCHHS
s Generator, ioro Bard Takox 30epirarotecs. IIpoTsrom ychoro mporecy
HAKOMUYYIOThCS ~ BaTiJamiiHi  BTpaTH, 110 JO3BOJISIE OI[IHUTU  3arajibHy
IPOJYKTUBHICTh MOJICNII Ha BajifaliifHomy Habopi naHux. HaBuaHHsS TpuBae
POTATOM 33JIaHO1 KUIBKOCTI €M0X, MOBTOPIOETHCS MPOIEC HABUAHHS 1 BaJlijallii,
MOKKW HE OyJe JMOCSATHYTO 3aJaHy KUIbKICTh emox. Ilicis 3aBepliieHHS HaBYaHHS
CHUCTEMa r'eHepye pe3ysIbTaT TPCHYBaHHS.

Hapuanns tpuBae, noku He OyAe JOCATHYTA 3ajjaHa KUIbKICTh erox. Ilicis
3aBEpIICHHS TPOIECYy CHUCTeMa IOBEPTA€ Pe3yJIbTaT HABYAHHSA, IO IJICYMOBYE
pe3yabTaT Mojielli MpoTAroM ycix emnox. [Iporec 3aBepiyeThbes, TapaHTyHO4H, IO
HAaBUCH1 MOJICNII Ta iXHI pe3yJbTaTH TOTOB1 JIO PO3ropTaHHsS abo IMOJAIBIIOrO

aHamizy.

4.3.4. Onuc OCHOBHOIO AJIrOPMMY MOAYJSI BUKOHAHHHA TPEHYBAHHS
HeiipoMepe:ki kiacudikanii aKyCTHYHUX CHTHAJIIB BOXHOI0 cepe0BHINA

[Ipouec cTpykTypoBanmii y Kifibka (a3, 3a0e3nedyoun MoKpoKOBU pobounit
mporec I MIATOTOBKH JTaHWX, HANAIITYBAaHHS MOJENI, HABYAHHS, BamifaIlii Ta
¢diHATBHOTO 3BITYBaHHS.

[Iporiec moYMHAETHCS 3 MIATOTOBKY JAHUX, 7€ CUCTEMA CTIOYaTKy 3aBaHTAXKYE
aymioaitnm B mam’sATh. SKImIO i Yac 3aBaHTAXKCHHS BHUHHUKAaE IpobiieMa,
AKTUBYEThCS MEXaHI3M OOpOOKM TMMOMMIIOK, IO 3amo0irae MmpoJOBXKEHHIO

HaBYallbHOro Tmpouecy. SAkmo Qainau yCHIIHO 3aBaHTAXKEHO, ayJ/10/AaHi
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pO30MBaIOTHCS HA TPEHYBAJbHUM Ta BalialiiHuil HA0OPH, 110 T03BOJISIE 30€perTH
YaCTUHY JAHUX JUTS OLIHKA MOJIEI.

[Ticas migroroBku HaOOpYy JaHUX CHCTEMAa NEPEXOAUTHh 10 aAaNTHBHOIO
CTBOPEHHS MOJIENI, JIe CIIOYaTKy HaJIAIITOBYE OCHOBHI BX1JIHI MapaMeTpH, TaKl sK
(opMa BXiTHUX JaHUX, TUIl IPUCTPOIO Ta KUIbKICTh BUXIIHUX KiaciB. [ BUOOPY
BiMOBIAHOT apxiTekTypu Mozeni 3HaueHHs SNR. Skmro SNR Hmkue 3a 3agaHuit
HOpIT, CTBOPIOETHCs mokpaieHa Moaens CNN_SOP, sika MICTUTh T0OIaTKOBI apu
Ta MEXaHi3MU 7151 poOOTH B 3amryMmieHnXx yMmoBax. ko sk SNR nepesuitye mopir,
obupaetbest cnpomieHa Mojeiab CNN SOP nns minBuiieHHS OOYHCITIOBAIBHOT
€(hEeKTUBHOCTI.

Hami cucrema mepexoauth 10 ¢asum  nepeaoOpoOku, Jae ayaionaHi
HOPMAJII3YIOThCs, 00 3a0€3MeUnTH Y3ro/KeH1 piBHI aMIUIiTyau y BuOipii. Ilotim
3actocoByeTbest CQT st OTpUMaHHS YaCTOTHOTO MPEJICTABIICHHS ayA10CUTHATIB.
[Ticnsa mepeTBOpeHHS OTpHMaHI JIaHi po30UBAIOTHCS HA MIHIMIAKETH, IO JT03BOJISE
HaBYAJILHOMY TIpoIlecy OOpOoOJIsiTH HEBEIIMKI YaCTUHU HaOOpy AaHux 3a pas. Komu
MIHIMIAKEeTH MIATOTOBIIEHO, TOYNHAETHCS MPOLIEC HABUAHHS.

HaBuanpHuit UK y MeXax eMoXyu HaBYaHHSI BUKOHYETHCS 0araTopazoBo JJIs
iTepaTUBHOI 00pOOKM HaOopy mgaHux. s KOXHOTO MiHINAaKeTa CHUCTEMa
3aBaHTaXYye JaHl 3 TPEHYBAIHHOTO HAOOpy, MepeMillye iX Ha OOYHCITIOBATHLHUMN
IPUCTPil Ta CKUIAE TPATIEHTH, 00 3a0€3MEUUTH KOPEKTHE 3BOPOTHE TOMIUPEHHS
noMmiku. [1oTiM MOzienh BUKOHYE TIPSIMUN TIPOXija, TEHEPYIOUn nependadyeHHsT Ha
OCHOB1 BXigHMX maHuX. Cucrema oO4HMcIOe (YHKIIIO BTpaT, MO BHU3HAYAE,
HACKUTbKU M00pe mependadeHHs MOJENi BiAMOBiNamOTh (paktuyHuMm Mitkam. Ha
eTari 3BOpOTHOTO MOIIMPEHHS MTOMWIKHU MTapaMeTPH MOJIEI1 OHOBIIOIOTHCS IIUIIXOM
OOYMCIICHHSI TPAIIEHTIB 1 KOPUTYBAaHHS Bar. Y Mipy MPOCYBaHHS HABUYAaHHS CHCTEMa
oOumuciroe 3HadeHHs (yHKIIT BTpaT, OOUYMCIIOE TiepenOadeHHST Ta OHOBIIOE
KUTBKICTh TIpaBWIIBHO KiacudikoBaHWX 3pa3kiB. LI mepemxbaueHHs 30epiraroTbes
JUISL TIOAANbBIIOr0 aHamidy. TpeHyBadbHUM IUKI TPUBAE, MOKU BCl MIHIMNAKETH B
MOTOYHIN enoci He OyayTh 00pOOJIeH], MICI YOro CUCTEMa MEPEXOoAuTh 10 (a3u

Banijanii. TpenyBaHHs ki1acudikTOp npeacTaBlieHe Ha pUCYHKY 4.11.
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[Tin yac Bamigamii cucTeMa CIOYaTKy BUMHUKAE€ OOYMCIICHHS TPAJi€HTIB 3a
JOTIOMOTO0, 110 3MEHIIYE BUKOPHCTaHHS HaM’STI Ta MiJBHUILYE €(PEKTUBHICTD.
Huxn Bamigamii 0o0poOisie MIHIMAKETH AaHAJIOTIYHO HABUAHHIO: CIOYATKY
3aBaHTa)XXy€ MIHINAKET 13 BaliJaliifHOro Habopy, MepeMillye Horo Ha
00YHUCITIOBATBHUIN NPUCTPIN 1 BUKOHYE NPAMUI MPOXIJ IJIsl TeHepalli nepe10ayeHb.
Jam oOuuciioeTbes BadiAaliiiHa QyHKIis BTpaT, 00 OI[IHUTH, HACKUIbKU A00Ope
MOJIENIb y3arajbHIO€ 3HaHHS Ha HOBUX 3pa3KaX. SIKIO MOTOYHE 3HAYEHHS BTPAT €
HaWHWKYKUM CEpeJl YCIX MONepeiHiX, cucTeMa 30epirae Baru MoJjiei, 3abe3neuyoun
30epekeHHsT Haikpamoi Bepcii Mojeni. [luknm Bamimaimii TpuBae, TOKH BCl
MIHIMaKeTH He OyayTh 00pOOIICHI.

[ToBHMI KT HABYAHHS Ta BaJlijailii moBToproeThes npotsarom 300 emnox, 110
JI03BOJISIE MOJIENI MOCTYNOBO BIOCKOHAJIIOBATH Baru Ta IMOKpAU[yBaTH TOYHICTb
knacudikaiii. Ilicns 3aBepiieHHST BCIX €MOX CHUCTEMa MEpexoauTh y ¢azy
3aBEpIICHHS, /i€ TeHepye (DIHAIBHUI 3BIT IPO HABUAHHS. Y HHOMY H1JICYMOBYIOTHCS
KITFOUOB1 METPUKH MPOAYKTUBHOCTI, 30KpeMa rpadiku (yHKIi BTpaT, TEHICHIIIT

TOYHOCTI Ta pe3yabTaT Baiiaaiii. [Ticis mporo nmpoiec 3aBepIryeThes.

BucHoBku 10 po3ainy 4

VY pe3ynbrati HoCHiKEHHS 0yII0 PO3p00JIeHO IporpamMHe 3a0e3MeueHHs s
aHaI3y aKyCTUYHUX CUTHAIIB BOJAHOTO CEPEIOBUINA, IO CKIIAAETHCS 3 IEKUIBKOX
MOJIYNiB, KOKEH 3 SIKUX BHUKOHYE TIEBHY (DYHKIIiIO y mporeci 0OpoOKH CUTHAIB.
[Tporpamue 3abe3neueHHs moOymoBaHe Ha ocHOBI Flask i3 Bukopucranusm Python
Ta 010710TeK IJIT MalTMHHOTO HABYAHHS, IO 3a0e3reuye Horo eQeKTUBHICTH Ta
THYYKICTb.

ApXiTeKTypa mpOrpaMHOro 3a0e3MeUeHHs BKIIFOYAE:

- Monayns TpeHyBaHHS HEHpOMEpeXKi IS TPUIYIMICHHS IIyMiB, 1€ Yy

KOpPUCTyBaua € MOXJIUBICTh OOpaTH JaTaceT sl TPEeHYBaHHS Ta MapaMeTpu
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TPEHYBaHHS Ta TPOBECTH HOTO 3 MOXJIMBICTIO 3yNMUHKH a00 MPUMTUHEHHS
TpPEHYBaHHSI.

- Moaynb TpeHyBaHHs HelipoMepexi Ayid kiacugikaili, 1€ y KopucTtyBaya €
Mo/A10HI MOKJIMBOCTI 10 MOJYJIsi TPEHYBAHHS HEUpPOMEpEekl s MPUIYIIECHHS
ITyMIiB.

- Moaynp npuaymeHHs mwymy, o npuiiMae oOpo0sieH] CUTHaIu Ta BUJAISIE
3 HUX HeOa)kaHi1 IIyMHU.

- Moayns knacudikaiii, SKUi BUKOHYE Kiacu(ikailito oOpaHUX CEMIUIIB Ta
BUKOHYE 1X PO3MOILT 3a KJIacaMHu.

- Mogaynp aHamizy HaaHWX, IO JO3BOJISIE KOPHCTyBadeBi oOupaTtu Ta
HeperisiIaTH OTPUMaHi Pe3yabTaTH.

- CoinpHWA MOIYNb, IO MICTUTh MaWIUIAH aAaNTHBHOTO CTBOPCHHS
HEHPOMHTHUX MEPEX Ta MICTUTH KIIACH, [0 MOXYTh CIIUJIbHO BUKOPHUCTOBYBATHCH
OaratbMa MOIYJISIMU.

3aBAsIKM MOIYJBHIN CTPYKTYypi cUCTeMa MOxe OyTH JIErKo ajanToBaHa [0
HOBHX 3aJ1a4 aKyCTUYHOI0 aHaji3y. PeanizoBana apxiTeKTypa J103BOJIsiE€ €PEKTUBHO
OoOpoOJNSATH aKyCTUYHI CHTHajdd Ta OTPUMYBAaTH BHCOKOTOYHI pe3yJbTaTH B
peaJbHOMY Yaci.

VY pamkax po6otu Oyso po3poOJIeHO MalIIaliH 71 aJanTUBHOTO CTBOPEHHS
HEHpPOMEPEIKEBUX MOJEICH, KU J03BOJISIE aBTOMAaTUYHO KOH(DIrypyBaTH MO
nepe HaBUYaHHAM 3aJIeKHO BiJ] XapaKTEPUCTHK BXITHUX JaHUX. 3alpOIOHOBaHA
CTPYKTypa IOKpallye MacITaboBaHICTh Ta €()EKTUBHICTh POOOTH, 3MCHIIYIOUH
HEOOXIHICT,  PYYHOrO  HaJalITYyBaHHS  TMapaMeTpiB Ta  3a0e3Meuyrdu
[IEHTpaJIi30BaHe KepyBaHHA KOH(DIryparisiMu Ta MmoKpamlye TOYHICTh Kiacudikarii
pu Hb3bKOMY criBBigHOIIEHHI SNR.

ANTOPUTMIYHE TIPEACTABICHHS NPOTPAMHOTO 3ac00y BKIIOUAE UITKO
BU3HAYCHI MOIyNMi s Kiacu@ikarii Ta TPUAYIICHHS NUIYMiB, IO JO3BOJISIOTH
THYYKO OOpOOISATH aKyCTUYHI CHUTHajJu Yy pealbHOMYy u4aci. 3amnponoHOBaHI

aIrOpuTMU 3a0e3MeuyloTh €(EeKTUBHE BUKOPUCTAHHS PECYpPCiB, ONTUMI3YIOTh

162



poOOTYy 3 BENMKMMHU OOCATaMU JaHHUX Ta MIABUILYIOTh TOYHICTH Kiacu@ikauii Ta
JNCHOWU3UHTY.

Po3pob6rene nporpamue 3abe3reueHHs] Mae€ MOTEHINaN sl 3aCTOCYBaHHS B
rajgy3six MOHITOPUHTY TIiJIBOJTHOIO CEpPEJIOBUINA, aKyCTHUYHOI J1arHOCTUKHU Ta

aHai3y IYMOBUX XapaKTEPUCTHUK y PI3HUX CEPEAOBUILAX.
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BUCHOBKHA

VY pesynbTaTi qUCEpTALIMHOTO MOCHIIKEHHS BUPIIICHO HAYKOBE 3aBJaHHS
PO3pobKa mMemooie ma Npocpamuux 3acobié ananizy aKkyCmudHux CUCHa1ie 600HO20
cepedoguwa, OISl BUAGNIEHHS MA AHANIZY CUSHATY YLIb0B020 00'€Kma 3 HU3LKUM

BIOHOWLEHHAM DIBHSL ULYM).
B nucepraiiii oiep>kaHo HACTYITHI pe3yJbTaTH:

OpeprkaHi pe3ysIbTaTH 3alIPOITOHOBAHOTO METO/Y MOJISITaI0Th Y HACTYITHOMY.
VY 1ockoHaneHo MeTo/1 aHaji3y, a came Kiacu@ikailii akyCTHYHUX CUTHAJIIB BOJHOTO
CepelloBUIIa Ha OCHOBI 3ropTkoBOi Heipomepexi SOP, sika, Ha BIIMIHY BiJ
OpUTIHANBHOI, MICTUTh OararomMacmTaOHy 3TOPTKY, IO JO3BOJISIE BHIIyYaTd
XapaKTePUCTUKH 3 PI3HOIO PO3JUILHOIO 3/1aTHICTIO; CEPEIHIN MYJIIHT, 1110 TO3BOJISIE
3MEHIIYBAaTH PO3MIPHOCTI BXITHUX JIAHUX; Ta MOAU(DIKOBAaHUI MOBHO3B’ I3HUM 11aP
3 (ynkiiero aktuBarnii ReLU, nomaBmiy A0 HBbOrO TMAaKeTHY HOpMami3ailiio, M0

3a0e3neuye Kpaily y3arajlbHIOI0Uy 31aTHICTb.

[Tomanpimoro po3BUTKY HAOYB METOJ MPHUAYIIEHHS (OHOBUX IIYMIB
aKyCTUYHHUX CUTHAJIIB BOJHOTO cepeoBHIla Ha ocHOBI Heipomepexxki UWAR-GAN
JUIE BUIYYCHHS CUTHATY BOJHOTO CyJHA IUISIXOM MPHUIYIICHHS (OHOBUX IIYyMiB

BOJIHOT'O CEPEAOBHINA Y 3AITyMJICHOMY CUTHAJI.

Brnepire po3po0iieHo apXiTeKTypy MPOrpaMHOTro 3a0e3MeUeHHS I aHATI3Yy
aKyCTUYHHUX CUTHAIIB BOJIHOT'O CEPEIOBHUIIA, IO peali3y€e aJalTUBHUN MalIuIaiiy,
mo mnepeadavae aJanTUBHE CTBOPEHHS HEHPOMEPEKEBUX MOJEJCH, 3aJeKHO Bif
XapaKTepUCTUK BXIAHUX naHuX. [Iporpamue 3a0e3medeHHS Ma€e MOXKIHUBICTH
BUKOHAHHS MPUAYIIEHHS (OHOBUX IIYMIB Yy 3allyMJIEHWX BXIIHUX CHUTHajax 3
3aCTOCYBaHHSIM HEHPOHHUX MEpeX Ta Kiacu(ikaIiio BXITHUX CUTHAJIIB BOIHOTO
cepenoBumia. Takoxk, mporpamMHe 3a0e3MeUeHHs HaJae MOXKIWBICTh TPEHYBaTH
3aMmpOTNIOHOBaH1 HEUPOMEPEXK1 NIl MPUAYIIEHHS Ta aHaji3y BOJHOTO CEpPEOBHINA
Ha pPI3HUX BUOIPKAX JaHUX, aHaNI3yBaTH OOpaHi CEMIUIM aKyCTUUYHHMX CUTHAJIB

BOJITHOTO CE€pPEIOBUIIA, BUBOJISIUU PI3HI XapaKTEPUCTUKU OOpaHUX CUTHAJIIB.
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Mera nocniKeHb, siKa oJiiraia B HOKpalleHHI METOIB aHaJI3y aKyCTHYHUX
CUTHAJIIB CYJIEH BOJIHOTO CEPEIOBUIIA HA OCHOBI HEMPOMEPEKEBUX MOJICIIEH, a came
MIJBUIIEHH]I TOYHOCTI Kiacu@ikaiii, TMicis 3acTOCYBaHHS 3alpONOHOBAHUX

METO/IIB, TOCSATHYTA.

[lepcrieKTUBHUMHU HaMpsSIMKaMU TMOAANBIINX JOCHIIKEHb € TOJajblie
MOKpaIIEHHS METOJy HUISXOM IMJIEMEHTAllis Ta 3aCTOCYBaHHs HEMpoMepexi s
pO3LIMPEHHs BUOIPKU aKyCTUYHUX CUTHAIIIB BOJIHOTO CEpEeIOBUIIA Ta HEHpOMepexKi
JUISl BUBHAUYCHHST HEMpOMeEpexK1 JJIsl BABHAUYCHHS HAIMPSMKY MPUXOAY aKyCTHYHOTO

CUTHAJIY BOOHOTI'O CCPCIOBHUIIA.

Pe3ynbTaTi MOCHIIKEHHS CBiYaTh MPO HAYKOBUH i MPAKTHYHUNA BHECOK Y
pO3B's3aHHS 3a7a4 aHai3y aKyCTHYHUX CHUTHAIIB BOJHOTO CEPEOBHINA ILIIXOM
BIIPOBQ/DKCHHS CYYaCHUX HEHPOMEPEKEBHX TEXHOJOTIH. Y Mexax poOoTH
3alpOTIOHOBAHO HOBI METOJM, IO 0a3ylThCS HAa BHUKOPUCTaHHI T€HEPATHBHO-
smaranbHO1 Helpomepexi UWAR-GAN it npuaymieHHsT mIyMiB 1 3rOpTKOBUX
HEeHpOHHUX Mepex 13 myiiHnrom apyroro mopsaky CNN SOP mns kmacudikarii
OUMIIIEHUX CUTHATIB. Briepiie peanizoBaHe iHTErpoBaHe pillIeHHS, sike 3abe3reuye
BUCOKOSIKICHMI aHalli3 aKyCTHYHUX JaHUX 3a YMOB CKIQIHHX [IYMOBHUX

CEPEIOBUII], IEMOHCTPYIOUU MOKPAIIECHHS METPUK TOYHOCTI.

[TpoBenena marematruHa popmarizailis 3a1a4 kiacudikaiii Ta IpuayIIeHHS
IIyMiB Jaja 3MOTY aJanTyBaTH MoOJACT M0 chenudikd BOJHOTO CEpeaOBHIINA,
BPaxOBYIOUM OCOOJIMBOCTI aKyCTMYHUX XapaKTePUCTUK. 3HAYHA yBara MpHUALICHA
CTBOPEHHIO Ta aHali3y CHUHTETUYHHX 1 MPUPOJHUX JaTACETiB, IO JJO03BOJISIE

TECTYBAaTH Ta BIOCKOHATIOBATH PO3POOJICHI METOAN B YMOBAX pealbHUX 3a]1a4.

PesynmbTaTil  OCHIIHKEHHS MPOJAEMOHCTPYBIH €(PEKTUBHICTh ITO€THAHHS
OararomacmtabHoi 3ropTtku, mapy SOP Ta MeTOAiB YacoOBO-4aCTOTHOTO
MPEACTaBICHHS JaHUX, IO 3a0e3MeYmIO ITJIBHINCHHS TOYHOCTI Kiacudikarii
HaBITb 3a YMOB HM3BbKOT'O CHIBBIJHOIICHHS CHUTHan/myM. Moaudikaiiis
ueripomepexi UWAR GAN nmae MOXIHMBICTD SIKICHO OYUIITYBaTH (DOHOBI IIIyMU 3a

MEHIIIUA MPOMDKOK Yacy. 3ampoIllOHOBAaH1 apXITEKTypH CYTTEBO PO3UIUPIOIOTH
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MOXKJIMBOCTI HEHWPOMEPEKEBUX TEXHOJIOTIM Yy 3ajadyax aHajizy aKyCTUYHUX

CUTHAJIIB.

[IpakTnyHe 3Ha4YeHHS POOOTH TOJATae y CTBOPEHHI MNPOTrPaMHOTO
3a0€3MeUeHHsl, SIKe MOXe OyTH BHUKOPHCTaHE [JIs 3ajJad MOPCHKOi HaBirarii,
TIPOAKYCTUKH, €KOJIOTIYHOIO MOHITOPMHTY Ta IHIIMX ramy3ei. Bucoka
ABTOHOMHICTh PO3pPOOJIEHUX CHUCTEM, iX CTIMKICTh 10 LIYMIiB 1 3AaTHICTh [0
ajanTailii BIIKpUBAIOTh HOB1 MOKJIMBOCTI JIJIsl PO3B'A3aHHS CKJIAIHUX MPUKIATHUX

3a/1a4 y p€aJIbHUX YMOBaAx.

TakuM 4MHOM, BUKOHaHa poOOTa € BarOMUM BHECKOM y PO3BUTOK TEOpIii Ta
NPAKTUKA OOpPOOKM aKyCTUYHMX CHUTHAIIB 1 CTBOPIOE OCHOBY JUISl TOJANBIINX
JOCHIDKeHb Yy c(epl IITYyYHOro IHTENEKTY Ta aHajidy JaHuX Yy MOPCHKOMY

CepeIOBUIIIL.
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JIOJATOK A

“TIOT'OIXKEHO”

Jupexrop HaBuansHO-HayKOBOrO
[HCTHTYT aTOMHOI Ta TETIOBOI €HEPreTHKH
QLQ TEXHIYHOTO YHiBEpPCHTETY

Hanionguss
‘ 2N 7 OATTEX 174
VA ;

s

“3ATBEPJDKYIO”

Appextop
f(\(jggﬁ,i;mm KOHCTPYKTOPCHKOTO GIOpO

7

AKT

IMpo peanizauito pe3ynsratiB aucepraniiinoi podotu OJIEKCISA Aprypa Onerosuda Ha TeMy
«Memoou ma npozpamui 3acobu ananizy aKycmuyHux CUzHaié Ha OCHOGI HeUPOMEPeHCesUX
Mooenetiy

.

Pesyneratn HaykoBux mocimimkens OJIEKCISI Aprypa OneroBuya, a caMe po3pobieHe
CreliarbHe TNporpamMHe 3a0e3NedeHHs Ui 3HCNIYMJICHHSA TifipOaKyCTHYHHX CHIHAJIB
BHKOPUCTAHO B HAayKOBO-JOCTITHHLBKMX Ta TOCHOJMApChKHX OOroBOpax, IO BEXYThCH B
OcobBOMy KOHCTpYKTOpchKoMy 6ropo «[LITOPM» HanioHansHOTro TEXHIYHOIO YHIBEPCHTETY
Vkpainu «KuiBcpkuit nonitexHignuit incTuTyT iMeHi Irops Cikopcbkoro».

Jane nporpamue 3a6e3nedeHHS TO3BOJISE 0OPOOIIATH CUTHAIM I POaKyCTHIHUX CTAHILiMH,
I IBUIIYIOYH X AKICTH Ta MPOBOAMTH KiacH(ikarito 06’ €KTiB IIyMOBHIIPOMiHIOBAHHS.

Ha excnepumeHTanbHUX HaHUX OyJIO NPOAEMOHCTPOBAHO, IO PO3POOIEHHH MeETOox
[pHIyLICHHS WyMy 38 JOIIOMOrO0 HEHpOHHOI HeiffpoMepexki Mmoka3ap 301IbLUICHHS BiHOIICHHS

«curHa/mym» Ha 10 renuben.

B.o. 3aBixyBaua kadenpu Imxenepii
IPOrpamMHOro 3abe3NnevyeHHs B €HepreTHII
I.T.H., npo¢$pp-
P ""’_Oneyamp KOBAIJIb
- ; /

/

.\\ g /
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3ATBEPJIPXKYIO
MpPOPEKTOp 3 HARYANLHOT po6OTH
Hauionansroro texuiunoro YyHiBepcuTery Yikpainu
«KuiBebkuit nonitexuiunuii iHCTHTYT iMeHi Irops
i 0ro» >
ersina JXEJISICKOBA

“Q¥ QY 2025 poxy

AKT

TpO BMPOBA/UKEHHs B HaBYaNbHHIA nponec HatioHansHoro TEXHIYHOTO yHiBepcuTeTy Vkpainu
«KuiBchknii moniTexHiuHuMii iHCTUTYT iMeni Irops CikopcbKkoro» HaykoBuX TONOXKeHb i
PesynbTaris auceprauiiinoi poGotu OJIEKCILS Aprtypa Ha temy «MeToau Ta nporpamHi 3acobu
aHaNli3y aKyCTHYHMX CHTHAIIB HA OCHOB] HEPOMEPEeIEeBMX MOZENei» Ha 3106yTTs HayKOBOro
CTyneHs Jokropa ¢inocodii 3a cnewiansrocTi 121 «lrKenepis nporpaMHOro 3aGesnedennsy.
Kowmicist B cknazi rososu - .o, 3aBinyBaua Kadeapu Ikenepii nporpamuoro 3aGesnevenns s
CHepreTHi A.T.H., mpoecopa Onexcanapa KOBAJIS Ta unenis kowmicii: npogecopa kapeapu
[rkenepii mporpamHoro 3abesneucHns s eHepreTHui A.T.H., npodecopa Onera BAPABAILIA Ta
npodecopa kapeapu Irmkenepii nporpamuoro sa6esneuenns » CHEPreTHLLi 1.T.H., NOLIeHTa AHpipis
MVCIEHKA, cknana ueit akt NIpO Te, MO HAYKOBI MONOXKEHHS Ta PEe3yJibTaTH auceprauiifHoi
poboth Ha 3106yTT HaykoBOro CTyneHs Aoktopa (inocodii acnipanta Aprypa OJIEKCIS Ha
Temy «Meroau Ta nporpami 3aco6u aHalli3y aKyCTHYHMX CHIHANIB HA OCHOBI HelpomepexeBux
MOZelIeit», a came apXiTeKTypy mporpamHoro 3a0e3neyHnHs aHamisy Ha ocHOBI HEHpPOHHMX
MEPEK, METOA KachpiKauii akyCcTHYHUMX CHIHATIB Ha OCHOB] Hefpomepeski CNN SOP ta meton
TNPHAYIEHHS UIYMiB aKYCTHYHMX CHIHAMB HA OCHOB] Heiipomepexi UWAR GAN Bpenieno B
HaByalbHuii npouec kadeapu lmkenepii TporpamHoro 3abezneuenns B enepretuui HapyansHo-
HayKOBOrO IHCTUTYTYy AaTOMHOI Ta TerioBoj CHCPreTUKM TNpH BUKIANAHHI AWCIUMNIIHKI
«MeTtononorii  po3po6knu IHTeIeKTya b HIX KOMITIOTEpHHX  mporpam» crneniansHocTi 121
«lmKeHepis mporpamMHOro 3aGesneuenmsy 32 OCBITHIM piBHEM migroToBKH Gakanaspa (2024-
2025): ;
i Jlexuis: Mepexa Xondinga. Mepesxa «Mamuna Bo.anymanay, Mepeska Xewminra. Mepesxa
MEpPEKHOT. MOJeNm 3 jABOHampaBieHOO aCOLIaTHBHOIO. MaM’sTTIO, Mepexa anantusmoi
pesonancHoi Teopii (ART). 3roprkosi HeHpoHi Mepesxi.

Ipaktiune sansrra: Mpaktuune O3HAWOMIIEHHS! 3 NOCTIHULLKHMH nporpamMaMu Ha 6a3i
1. Tocnimxenus AEMOHCTpALIfiHUX MporpamMHIX NPOAYKTIB

["onosa komicii

B.o. 3aBinysaua kaenpu iHKeHepii nporpamuoro e B

3alesneueHus B eneprerui S -

JAOKTOp TeXHi4Huii Hayk, npodecop i “‘j})ﬂekcaﬂup KOBAJIb
. e \\ / W A

Unenu komicii: o /

Ipodecop kadeapu iKeHepii nporpamHoro
3abesneyeHHs B enepreTyLi

AOKTOP TeXHI4HUH HayK, npogecop L2z  — Oser BAPABALLI
IIpodrecop kadempu iHKeHepii nporpamuoro ;
3alesneuenns B enepretuui ~ Anapiii MYCIEHKO

AOKTOP TEXHIYHMI HAYK, JOLEHT
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JIOJATOK B
CHUCOK MYBJIKALII 310BYBAUYA

Hayxoei npayi, 6 sikux onyoniko8ani 0CHO8HI HAYKOGI pe3yibmamu
oucepmayii:

Onexciit A.O., Bepnanpb A.l. Ornsg Ta NOpiBHSAHHS METO[1B MAIIMHHOTO
HaBYaHHS JJI PO3MI3HABaHHI I'IPOaKyCTUYHUX cUrHamiB. HaykoBuil xypHan
«IH(okoMyHiKaliiiH1 Ta KoMI toTepHi TexHonoriin, Ne 1 (03). 2022. C. 113 —
120. https://doi.org/10.36994 / 2788-5518-2022-01-03-18.

Onexciit A.O., Bepnanb A. A. 3actocyBaHHS 6aratomnapoBoro nepcenTpoHa
JUTSL aHAUTI3y aKyCTUYHUX CUTHAIIB y BOJIHOMY cepenoBuini/ HaykoBuit
KypHal «3B’s130k», Bumyck Ne3 (163), 2023. c. 40-45.
https://doi.org/10.31673/2412-9070.2023.039000.

Omnexkciit A., ITyxa I'. CTBopeHHsI 1aTaceTy akyCTUUHUX CUTHAJIIB BOJHOTO
CepeIOBUILA AJIsl TPEHYBaHHS HEUpOMEpexXi sl IPUAYIICHHS [IIyMiB.
Haykoswuii xypHan «[HbopmaliiifHi TEXHOJIOT1I Ta CyCHUILCTBOY», Bumyck 2
(13). 2024. C.56-60. https://doi.org/10.32689/maup.it.2024.2.8.

Onmnexcit, A. O. 1 Bepnans A. A., 2024. Tloninmenuit MeTo] aHAI3y
aKyCTUYHHUX CHUTHAJIIB BOJIHOT'O CEPEIOBUINIA HA OCHOBI 3rOPTKOBOT

Helipomepexi SOP. BicHuk BiHHUIIBKOTO MOTITEXHIYHOTO IHCTUTYTY, Neb, c.

129-134. https://doi.org/10.31649/1997-9266-2024-177-6-129-134.

Hayrxoei npayi, sixi 3aceiouyromos anpobayiro mamepianie oucepmayii.

5.

Onmnexkciit, A. O. 1 Bepmanas A. A., 2022. Orisaa HelipoMepeKeBHUX ITiIXO0/TIB
JUTSL aHAITI3y aKyCTUYHUX CUTHAJIIB BOAHOTO cepeoBuIa. TeopeTnyHi i
NpUKIaIHI pobiaemMu (Hi3uku, MaTeMaTUKH Ta IHPOPMATHUKH: 30. Te3 XX
Bceykpainchkoi HAyKOBO-PAKTHYHOX KOH(PEPEHIIIT CTYIEHTIB, aCIlipaHTiB
Ta MOJIOAMX BueHUX, 15 uepsus 2022 p., m. Kuis, ¢. 347-350.

Onmnekciit, A. O., Bepnans A.l. HeiipomepexeBi miAXoau 10 TeHepaii

aKyCTHYHHX CUTHAJIIB BOJIHOTO cepenoBuina., CydacHi mpo0ieMu HayKOBOTO
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10.

11.

3a0e3nedeHHs eHepreThku: 30. Te3 XX MiKHapoIHOT HAyKOBO-IIPAKTUYHO1
KOH(epeHL1i MOJIOuX BUEHHX 1 cTyneHTiB, T. 2, M. KuiB, 25-28 kBiTHs 2023
poky c. 128-129.

Onmnekciit, A. O., Bepnans A.L. 2023. AHai3 akyCTUUHUX CUTHAJIIB BOJIHOTO
cepeZIoBHIINA 3 3aCTOCYBaHHSM HellpoMepexkeBux metoaiB. Future of Work:
Technological, Generational and Social Shifts: 2nd International Scientific
and Practical Internet Conference., May 11-12, 2023, Dnipro, Ukraine, p. 67-
68.

Onexcii, A. O., Bepnanb A.l. CTBopeHHs JaTaceTy aKyCTUYHUX CUTHAJIIB
BOJHOT O cepeaoBuila. CHCTEeMH Ta TEXHOJOTI 3B’ 3Ky, 1H(popMaTH3allii Ta
Ki0epOe3MneKkn: akTyalbHI MUTAHHA 1 TEHJEHIIT po3BUTKY: MaTepianu III
MixHapoaHo1 HayKOBO-TexHIYHO1 KoHpepeHitii, 30 nucronana 2023 poky, M.
Kwuis, c. 229.

Onmnekciit, A. O., Bepmaas A.l. Orsan HelipoMepeKeBUX MIAXOMIB IS
NPUIYIIEHHS IIyMiB BOJHOTO cepenoBuiia. CucreMu Ta 3acO0M MTYYHOTO
IHTEJIEKTY: Te3H JomoBiaed MiKHApOoAHOT HAYKOBOI MOJIOAKHOT MIKOJIH., 10-
11 xxoBTHs 2023 p., M. Kuis, c. 42-5.

Onexcii, A. O., Bapasa .A. 2023. AHami3 akyCTUYHUX CUTHAJIB BOJHOTO
CEpelIOBUIIA 3 3aCTOCYBaHHSIM HEUPOMEPEIKEBUX MOJIENIeH Ta CTBOPEHHS
JaTaceTiB aKyCTUYHU3 CUTHAIIB BOJHOTO cepenoBuia. CydacHi acTIeKTH
1HXeHepil mporpamHoro 3abe3nedeHHs: 30ipHuK Te3 [leproi Mi>xkHapoIHOT
HAyKOBO-TIPaKTUUHO1 KoHbepeHtii, 14 rpyans 2023 poky, M. Kuis, ¢. 100-
108.

Onmnexciit, A. O., Bepnanp A.l. AHamni3 aKyCTUYHUX CUTHAJIIB BOJHOTO
CEpEeIOBHIIA 3 3aCTOCYBAHHAM HEUPOMEPEKEBUX MOJEIEN Ta CTBOPEHHS
JaTaceTiB aKyCTUYHN3 CUTHAIIB BOJHOTO cepenoBuia. CydacHi aCTICKTH
1HXeHepil mporpaMHoOro 3abe3nedeHHs: 30ipHuK Te3 [Ipyroi Mi>kHapo HOT
HAyKOBO-TIPaKTHYHOI KoH(pepentii, 13 nmucromana 2024 poky, m. Kuis, c. 60-

64.
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JIOJJATOK B

JICTUHI'A KOJAY MPOTPAMHUX PEAJIIZALIIN

JIicTUHT IPOrpaMHOTo KOy MOAYJIs Kiacu(ikalii aKCTHYHUX CUTHAIIB BOJJHOTO

cepeoBHINa

Predict.html
<IDOCTYPE html>

<html>
<head>
<meta charset="utf-8">
<meta name="viewport" content="width=device-width, initial-scale=1,
shrink-to-fit=no">
<title>Select Dataset Directory</title>
<script>
function openFileManager() {

document.getElementByld(‘directory-picker’).click();
¥

function handleFiles() {
var input = document.getElementByld('directory-picker");
iIf (input.files.length > 0) {
var path = input.files[0].webkitRelativePath;

var directory = path.substring(0, path.indexOf("/"));

document.getElementByld(‘data_dir').value = directory;
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}

</script>
<style>
btn {
display: inline-block;
padding: 10px 20px;
background-color: #3498db;
color: white;
text-decoration: none;
border: none;
border-radius: 5px;
font-size: 16px;
cursor: pointer;
transition: background-color 0.3s;
¥
.btn:hover {
background-color: #2980b9;
s
</style>
</head>
<body>

<a class="btn" href="/">Home</a>

<div class="container">

<h1l class="mt-5">Select Dataset Directory</h1>
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{% with messages = get_flashed messages() %}
{% if messages %}
<ul class="flashes">
{% for message in messages %}
<li>{{ message }}</li>
{% endfor %}
</ul>
{% endif %}
{% endwith %}
<form method="post" action="/predict" enctype="multipart/form-data™>
<div class="form-group">
<label for="weights">Choose weights</label>

<input type="file" class="form-control" id="weights" name="weights"

readonly required>
<label for="data_dir">Choose dataset directory</label>

<input type="text" class="form-control" id="data_dir" name="data_dir"

readonly required>

<input type="file" id="directory-picker" webkitdirectory directory

style="display: none;" onchange="handleFiles()">

<button class="btn" type="button" class="btn btn-secondary mt-2"

onclick="openFileManager()">Select Directory</button>
</div>

<putton class = "btn" type="submit" class="btn Dbtn-

primary">Predict</button>
</form>
<div></div>

{% if text_answer %}
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<ul>

{% for key, value in text_answer.items() %}
<li><strong>{{ key }}:</strong> {{ value[0] }}</li>

{% endfor %}

</ul>

{% else %}
<p>No data available.</p>

{% endif %}

</body>

</html>

PredictionComponent.py
class PredictionComponent(MethodView):
def __init__(self):

self.predictionService = PredictionService()

def remove_last_folder(self, path):

return "\\".join(path.split("\")[:-1])

def get(self):

return render_template('predict.html’, text_answer=None)

def post(self):
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current_file_path = os.path.abspath(__ file )

current_dir = os.path.dirname(current_file_path)

app_directory = os.path.dirname(current_dir)

input_dataset = request.form['data_dir']

weights = request.form['weights']

weights_path = app_directory + "\weights\\' + weights
models_path = app_directory + "\\datasets\\'"+ input_dataset

text_answer =

self.predictionService.make_prediction(weights_path,models_path)

return render_template('predict.html’, text_answer=text_answer)

PredictionService.py
Import numpy as np
from tqdm import tqdm
import 0s

import torch

import random

import librosa

from app.shared_module.models.classifier. CNN_SOP import CNN_SOP
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from app.shared_module.services.preprocess_classifier import
PreprocessClassifier
Import os

from flask import render_template, request

class PredictionService:

def __init__(self, preprocessClassificationService: P

reprocessClassificationService):

self. preprocessClassificationService = preprocessClassificationService
self.device = torch.device('cuda’) if torch.cuda.is_available() else
torch.device('cpu’)

self.model = CNN_SOP().to(self.device)

def predicted_one(self, model, test_feature):

model.eval()

vector = test_feature.to(self.device)

with torch.no_grad():
preds = self.model(vector)
_, predicted = torch.max(preds.data, 1)

preds = predicted.detach().cpu().numpy()

return preds

def make_prediction(self, weights_path, models_path):
samples = {}

predictions = {}
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model = CNN_SOP().to(self.device)

model.load_state_dict(torch.load(weights_path))

files = os.listdir(models_path)
for file in files:
sample, = librosa.load(os.path.join(models_path, file), sr=4096)

processed_sample =

self.preprocessClassifier.preprocess_classification_features(sample)

predictions[file] = self.predicted_one(model, processed_sample)

return predictions

PreprocessClassifier.py
import torch
import librosa

import numpy as np

class PreprocessClassifier:
def preprocess_classification_features(self,signal):
cqt_abs = self.compute_cqt(signal)

return torch.Tensor(np.array(cqt_abs[:64,

:64])).float().unsqueeze(0).unsqueeze(0)

def compute_cqt(self, signal):

sr=4096
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fmin=4

fmax=1000

bins_per_octave=8

frame_length=23

num_frames=64

cqt = librosa.cqt(signal, hop_length=128, sr=sr, fmin=fmin,
n_bins=bins_per_octave * (int(np.log2(fmax / fmin)) + 1),
bins_per_octave=bins_per_ octave

)

return np.abs(cqt)

CNN_SOP.py

import torch

import torch.nn as nn

import torch.nn.functional as F

from ..classifier.MultiScaleConv import MultiScaleConv

from ..classifier.SOP import SOP

class CNN_SOP(nn.Module):
def __init__ (self, num_classes=5):
super(CNN_SOP, self).__init_ ()
self.multi_scale_convl = MultiScaleConv(1)
self.multi_scale_conv2 = MultiScaleConv(24)

self.sop = SOP()
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self.bn = nn.BatchNorm1d(1024)

self.fcl = nn.Linear(4096, 1024)

self.fc2 = nn.Linear(1024, num_classes)

def forward(self, x):
x = self.multi_scale_conv1(x)
x = F.avg_pool2d(x, kernel_size=2, stride=2)
x = F.relu(x)
x = self.multi_scale_conv2(x)
x = F.avg_pool2d(x, kernel_size=2, stride=2)
x = F.relu(x)
x = self.sop(x)
x = self.fc1(x)
x = self.bn(x)
x = F.relu(x)
x = self.fc2(x)
x = F.softmax(x, dim=1)

return x

MultiScaleConv.py
import torch
import torch.nn as nn

import torch.nn.functional as F
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class MultiScaleConv(nn.Module):
def _init_ (self, in_channels):

super(MultiScaleConv, self). _init_ ()

self.conv3x3
padding=1)

nn.Conv2d(in_channels, 8, kernel size=3, stride=1,

self.convbx5 nn.Conv2d(in_channels, 8, kernel size=5, stride=1,

padding=2)
self.bn = nn.BatchNorm2d(16)

def forward(self, x):
x1 = F.relu(self.conv3x3(x))
x2 = F.relu(self.conv5x5(x))
x = torch.cat([x1, x2], dim=1)
x = self.bn(x)
return x
SOP.py
class SOP(nn.Module):
def __init__(self):
super(SOP, self).__init_ ()

def forward(self, x):
batch_size, channels, height, width = x.size()
x = x.permute(0, 2, 1, 3).contiguous().view(-1, channels, width)
sop = torch.omm(x, x.permute(0, 2, 1))
sop = sop.view(batch_size, height, -1)

sop = sop.permute(0, 2, 1).contiguous().view(batch_size, -1)
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sop = torch.sgrt(F.relu(sop)) - torch.sqrt(F.relu(-sop))
sop = F.normalize(sop, p=2, dim=1)

return sop
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