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OBIIAA XAPAKTEPUCTUKA PABOTDI

Marucrepckass nucceprauusi: 60 ctpanun, 34 pucynka, 9 tabmun, 36
HMCTOYHHUKOB, 4 TIPUIIOKECHUS.

CUCTEMA NAEHTUOUKALINN " PACIIO3HABAHUA
AKKOP/IOB, TJIYBOKOE OBYYEHWE, HEIIPEPBIBHOE BEWBIIET-
ITPEOBPA3OBAHME, OKOHHOE ITPEOGPA30BAHUE ®YPLE, CHROMA -
KOSOOUINEHTDBI, MEJIKEIICTPAJIBHBIE KOOOOUIIMEHTEI,

OO0BEKT HUCCJIEIOBAHUS — ayJIn03aIucu, coJieprKallue
MOCJIETIOBATEILHOCTH aKKOP/IOB.

[Ipenmer wuccnenoBaHUsT — PacIO3HABAHWME  MOCIEAOBATEIIBLHOCTEU
aKKOPJIOB, UCTIOJTHEHHBIX Ha TUTapeE.

[enb paboThl — pa3paboTaTh CUCTEMY UACHTU(DUKALIMKU U PACIIO3HABAHUS
aKKOpJIOB M3 ayAHONOTOKa JUIsi aBTOMaTH3allud TMpoIlecca COCTABJICHUS
MY3bIKaJIbHON HOTAIIHH.

3amaun:

* PaccmoTpeTh cylecTByIOIIME MOAXO0bI B 00JIACTH PACIIO3HABAHUS AKKOP/IOB U
IpoaHanu3upoBaTh AG(HEKTUBHOCT, WX TMPUMEHEHHMsS IJIi BXOJHBIX JIAHHBIX
Pa3IMYHON CTENEHH 3alllyMJIEHHOCTH.

° P33pa60TaTI) MCXAaHH3M BBIACICHHUA aKKOPAOB U3 ayAHNOIIOTOKA.

* CchopmupoBath MPOCTPAHCTBO MPU3HAKOB JIJII PACCMOTPEHHUS XaPaKTEPUCTHK
Ka)XJIOTO aKKOpJa, MOJIEKAIEr0 PacO3HABAHMIO.

* IlocTpouTh ONTHUMANBPHYIH) AapPXUTEKTYPY CHUCTEMBI pPAacCIlO3HABaHUs 10
KPUTEPHUIO, OTPAXKAIOIIEMY TOYHOCTh PACIO3HABAHMUSI.

* Ha ocHOBe BBIOpaHHOW apXUTEKTYPhI pa3padoTaTh CUCTEMY PACIIO3HABAHUS U
UJICHTU(PUKAIIUU aKKOPAOB C MOCIEAYIONUM MPUMEHEHUEM JJIsI aBTOMATU3AIINU
MPOLIECCa COCTABIICHUS MY3bIKaJIbHOW HOTALIUH.

Metoasl ucCcleAOBaHUS — HENPEPHIBHOE BEUBIIET-MPeOOpa3oOBaHUE,
OKOHHOE TpeoOpa3zoBanue Dypbe, CBEPTOUHBIC HEHPOHHBIE CETH.

B pesysnbTaTe BbINOJHEHUS pabOThl paccMOTpeHa 0000IIEHHAs CTPYKTpa
CUCTEMBI paclo3HaBaHUS M UJICHTHU(PHUKAIUU aKKOPJOB, KOTOpasi OCHOBBIBACTCS
Ha Dypbe- U BeHBIIECT-IPe0Opa30BaHUAX ¢ AalbHeHUM pacuetoM Chroma- u
MFCCxkoa¢puriueHTos.



Brinonneno cpaBHeHne Y3PPEKTUBHOCTH €€ MPUMEHUMOCTH B PAa3TUYHBIX
KoHuUrypanusx aisi cGOPMUPOBAHHBIX TECTOBBIX JaHHBIX. B  KauecTBe
HapaMeTpoB,  XapaKTEpU3YIOIIMX  aKKopAel,  paccMorpeHbl  Chroma-
koa(uimeHTs! U ero Moaudukanuu, Takue kak CERN u CRP.

[IpenyiokeH HOBBIA IMOAXOJ K PEUICHUIO 3aJaud aHaIn3a akKOpIOB B
ayJIMOTIOTOKE ITyTeM €ro cerMeHTanuu Ha ocHoBe ChromakosdduiineHToB 1 ux
MoaupuKanui Ha (parMeHThl, UIsI KOTOPBIX BBIOJIHAETCS CIIEKTPaIbHOE
pPa3lIOKEHUE HEMPEPHIBHBIM  BEUBJIET-IpeoOpa3oBaHUEM, C JAJbHEHIIUM
aHAJIM30M TMIOJIYYCHHBIX M300paKEHUH B CBEPTOYHOM HEHUPOHHOW ceTH.
[IporpammHas peanu3anus W TECTUPOBAHUE  BBINOJHEHBI B  CHCTEME
KoMIbroTepHOr MareMatuku MATLAB.



AT'YJIBHAS XAPAKTAPBICTBIKA PABOTbBI

Maricrapckasi asicepranpis: 60 craponak, 34 mamionka, 9 Tabmin, 36
KPBIHIII, 4 TPBIKJIATaHHS.

CICTAOMbBI IJPHTBIDIKALIBII I PACITABHABAHHSI AKOPJAY,
I'JIBIBOKAE HABYYAHHE, BECIIEPAIIBIHHAE BOUBJIET-
IIEPAVTBAPOHHE, AKOHHAE TIEPAYTBAPAOHHS ®VYP'E, CHROMA-
KAS®IIBIEHTBI, MOJIKEIICTPAJIBHBIA KAD®ILBIEHTHL.

AOG'exT nacnenaBaHHA — ayABIE3AIICHI, KIS 3MSIIYAIONb MACIAI0YHACII
aKopaay.

[Ipanmer pacnenaBaHHs — pacna3HaBAHHE MACISIAOYHACUAY akopaay,
BbIKaHAHBIX Ha T1TapBhl.

Mbta paboThl — pacnparaBalb CICTIMY 1I3HTbI(IKALbI 1 pacna3HaBaHHS
aKopJay 3 ayAblECTPYMEHIO Ul ayTaMaThl3allbll palpCcy CKIagaHHs My3blUHail
HaTalpbll.

3amaysbl:

[] Pa3rmenseup iCHYHOYBIS NAJbIXOAbl Y TalllHE pacla3HaHHSA akopjay 1
npaaHaiizaBalb 3(EKThIYHACHb 1X NPBIMSIHEHHS ISl YBAaXOJHBIX Ja/i3€HbBIX
PO3HA CTYIEH]1 3alIyMJIEHHOCTb.

[1 PacnpanaBaiib MeXaHI3M BBII3SUICHHS akopjay 3 ayaplécTpymeHto. [
CdapmaBailp mpactopy MPBIKMET Ui pas3riisaly XapaKTapbICTHIK KOXKHara
aKopja, sikas najyisiraé pacna3HaHHIO.,

[] [aGynaBailb anThIMalIbHYIO apXITIKTYpPy CICTAMBI pacla3HAHHS [a KPBIT3PHI,
AK1 aJITIOCTpOYBae JakjaJHacllb paclia3HaBaHHS.

1 Ha acHoBe aOpaHail apXiTOKTYphl pacrpaiaBaib CICTOMY pacla3HaHHS 1
1IPHTHI(IKAIBI aKOpJIay 3 HACTYITHBIM Y>KBIBAHHEM JIJIS1 Ay TaMaThI3allbli Mparscy
CKJIaJlaHHS MYy3bIYHAN HATaIIbIi.

Mertanbl nacienaBaHHs — OecrepanblHHAe BdIUBIETaY-TIepayTBapIHHE,
akoHHae nepayTBapaHHe Dyp'e, CBEpTOUHbIE HEHPOHABBIS CETKI.

VY BBIHIKY BbIKaHAaHHsS pabOTHI pasriiepkaHa abarylibHEHas CTPYKTPbI
CICTAMBI pacma3zHaHHSA 1 1IPHTHI(IKAIBI aKOpJIay, sikas rpyHTyela Ha Oypne- i
BOMBIIETAyTIepayTBapIHHAX 3 gajieimbiM  pasznmikam  Chroma- 1 MFCC-
kad(inpieHnTay. Brikanana mnapayHaHHe S(EKThIYHACLI sie MpbIMSHIMACLL ¥
PO3HBIX KaHQITYpalpisiX uisi chapMaBaHBIX TACTaBbIX JAA3€HBIX. Y sKacIi



napameTpay, sKisl ~XapakTapbI3yIOlb akopael, pasriaemxkansl  Chroma-
Kad(inbIeHTHI 1 sT0 Manabidikanbli, Takis sk CERN 1 CRP.

[IpananaBaHbl HOBBI MAABIXO/] 1a BBIPAIIDHHSA 33J1a4bl aHATI3Y aKopay y
ayMBIECTPYMEHIO MUISIXaM ST0 cerMeHTarpll Ha acHoBe Chroma-kasdirpieHTay i
1X Mazaeidikanelii Ha ¢GparMeHThl, IS SKIX BBIKOHBAClIla CIEKTpajabHae
packiiajaHHe OecnepanblHHBIM — B3MBIETAay-NIepayTBapIHHEM, 3 JAJICHUILBIM
aHaji3aM aTpbIMaHbIX MaJIOHKAY y CBEPTOYHOM HelipoHaBai ceTki. [Iparpamuas
poaastizalbls 1 TaCTaBaHHE BhIKaHAHbBI y KaMi'toTapHait Mmatamateiki MATLAB.



GENERAL RESEARCH DESCRIPTION
Master’s thesis: 60 pages, 34 figures, 9 tables, 36 sources, 4 applications.

CHORD IDENTIFICATION AND RECOGNITION SYSTEM, DEEP
LEARNING, CONTINUOUS WAVELET- TRANSFORM, SHORT-TIME
FOURIER TRANSFORM, CHROMA- COEFFICIENTS, MEL-FREQUENCY
CEPSTRA COEFFICIENTS.

Object of research — audio recordings containing chord progressions.
Subject of research — recognition of chord sequences played on the guitar.

Objective — develop a system for identifying and recognizing chords from
an audio stream to automate the process of composing musical notation.

Tasks:

1 Consider the existing approaches in the field of chord recognition and analyze
the effectiveness of their application for input data of varying degrees of noise.

1 Develop a mechanism for extracting chords from an audio stream.

1 Generate a feature space to consider the characteristics of each chord to be
recognized.

[1 Build the optimal architecture of the recognition system according to the
criterion reflecting the recognition accuracy.

[1 Based on the chosen architecture, develop a system for recognizing and
identifying chords with subsequent use to automate the process of composing
musical notation.

Methods of investigation — continuous wavelet transform, short-time
fourier transform, convolutional neural networks.

As a result of the research, a generalized structure of the chord recognition
and identification system was considered, which is based on Fourier and wavelet
transforms with further calculation of Chroma and MFCC coefficients.
Comparison of the effectiveness of its applicability in various configurations for
the generated test data is carried out.

Chroma coefficients and its modifications, such as CERN and CRP, are
considered as parameters characterizing chords. A new approach to solving the
problem of analyzing chords in an audio stream by segmenting it based on
Chroma coefficients and their modifications into fragments for which spectral
decomposition by continuous wavelet transform is performed is proposed, with



further analysis of the obtained images in a convolutional neural network.
Software implementation and testing are performed in the MATLAB computer
mathematics system.



