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B pabotre paccmarpuBaroTcs JiBe 3a/1a91 — KJIACCHMOUKAIUS MY-
3BIKAJTBHBIX (PAtyIOB MO XKaHpaM U KJIACCU(MUKAIAS M300parKeHnii.
B mepBoMm ciydae TpebyeTcst peasin3oBaTh BeO-TIPUIOKEHIE, KOTO-
POe OlIpeJIesisieT YKaHPhl 3arPyKaeMbIX B HET'O MY3bIKaJIbHBIX (haii-
JIoB (I2Ka3, KJacCuka, JMCKO, Meras, 0Ji03). Bo BropoMm ciyuae
TpedyeTcs pean30BaTh BeO-IIPUIIOZKEHNE C BOSMOXKHOCTBIO 3arpy3-
KI KaPTUHOK-3TAaJI0HOB. I1py nocsteytoreii 3arpy3ke KaApTUHOK CH-
cTeMa JTOJIZKHA ONPEJIENIsSITh, Ha KAKOW M3 9TAJOHOB HAnboJIee MoXo-
JKa 3aI'pyzKEeHHAas] KaPTUHKA, U OIPEJIE/IsiTh €€ B COOTBETCTBYIOIIUI
KJIACC.

KuroueBbie ciioBa: kiaccuduKaims, My3blKaabHbIE (DaNIb,
mfcc, hog, php.

BBenenue

JlamHas paboTa MOCBsIIeHa pa3paboTKe aJropuTMOB KJIACCH(DUKAIIIN
MY3bIKAJbHBIX (DallJIOB 110 KaHpaM U KJIacCU(PUKAIUK N300parkKeHui.

Bajiaua KiraccuuKauu My3bIKAJIbHBIX (DalIOB 110 KAHPAM COCTOUT
B caeayrorieM. JIaHo MHOXKECTBO MY3bIKAJIbHBIX (DailjioB, B3siTOe C caii-
ta [1]. Kaxnomy daiiny conocrasien )aup. Vcmonb3ys JaHHOE MHOYKe-
CTBO B KadecTBe 00ydJaromeil BEIOOPKH, Tpedyercst MOCTPOUTD KJIacCugu-
KaTOop, KOTOPBIil /Iy BHOBb 3arpyzkKeHHOro ¢aiijia He M3 9TOT0 MHOXKe-
cTBa OYIET OIpeNe/isiTh ero Kaup. s 3Toro Hy»KHO HAyYIUTbCS Hap-
cutb WAV-aisibl, HAMCATh aJrOPUTM [TOCTPOEHHUsT BEKTOPA M0 MY3bI-
KaJIbHOMY bailyly, BBIOpATb METPUKY JJIsd OIPEJIEJeHUusT OJIM30CTH BEK-
TOPOB, BBIOPATH U PEAJTU30BATHL METOJ[ MAIIMMHHOTO O0yYeHUs JJisi 00y e~
Hus KjaaccudukaTopa Ha o0ydaromieil BRIOOpKe, a Takxke HarucaTb WEB-
[IPUJIOZKEHNE, TTO3BOJISIFOIIEe 3arPy2KaTh MYy3bIKAJIbHBIE (Dailjibl 1 CpaBHU-
BaTh 3arpyKeHHbie hailjibl C ITAJTOHAMHE JIJIsi OLPEJIETICHIS UX 2KAHPOB.
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Kpowme 3amaan knaccudukaimm My3bIKAJIbHBIX (DAIOB B CTATHE MBI
paccMaTpUBaEeM CJIEAYIONIYIO 3a1a9y KaaccuuKkaimu n3obpazkennii. Jla-
HO MHO>KECTBO U3 5 IIPOU3BOJIBHBIX KapTHUHOK. Ha BXO/I IIOIa€TCA Kap-
TUHKa& U3 3TOT0 MHOXKECTBA, ITOJABEPKEHHASI Pa3IUIHBIM HMCKAXKEHHSIM.
[Tporpamma moszKHa OTHECTH KAPTUHKY K CBOeMy opuruHauty. s 3To-
o0 HYKHO HAYyYUTHCS CIUTBHIBATH (hailibl n300parkeHuil 1 MpeacTaBIsiTh
ux B BUJ/JE MaCCUBa HI/IKCQ.HGfI, HalluCaThb aJT'OPUTM IIOCTPOCHUA BEKTOpPa
110 KapTHHKE, BBIOPATh METPUKY IJIsl OIpPEIe/IeHNsT OJIN30CTH BEKTOPOB,
BBIOpATH METOJI MAIITMHHOIO OOyYeHHs JUIsT 00yUeHus KJacCuuKaTopa
Ha obydJaroieil BEIOOpKe, a Takxke peaan3oBatb WEB-puioxkenne, mos-
BOJISIFOITEE 3arpyKaTh N300pakKeHne U CPaBHUBATH €r0 ¢ 9TAJJOHAMU JIJIsT
BBISIBJICHUSI OPUTHHAJIA.

IIo Bcem IIEepeIUCJICHHBIM ITyHKTaM 6y‘Z[yT IIpUuBEACHBI ITIOJIyY€HHDbIC
PE3YyJIbTATHI.

IIocTtanoBka 3aJa91 1 II0JIyYY€eHHbI€ pe3yJ/IbTaTbl

Hyxno peanmuzoBate WEDB-npunoxenne na aspikax PHP nm
JavaScript, B KOTOpOM J0JIKHA ObITh PeaIn30BaHa, KJIACCU(PUKAIIS My-
3bIKAJIbHBIX (DAMIOB IO YKAaHPaM.

My Company NATIVEMFCC Mz

metali5 wav
metal17 wav

metal19.wav

Blues Classical Disco Jazz Metal

classical9.wav disco3 wav classical7_ wav

classical15.wav discod. wav metal15.wav
classical11.wav disco7 wav metal19.wav

classical13 wav

Puc. 1: Ilpumep paborsr npunoxenusi. Ha Bxox nomano 10 daitios, 9 us
HUX KJIACCU(PUIIUPOBAHO BEPHO.
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Jlst 3amaqn KimaccudpuKauy My3bIKAJIbHBIX KAHPOB HEOOXOINMO pe-
AJIM30BATDH CJICIYIOMINE TIO/[3aIa M.

IlepBas nomzagada cocrour B napcuuare WAV daiiia. Ha Bxom mo-
JaeTcss My3bIKaJIbHBI (aita dopmara WAV npencrapisomuii u3 cebst
ounapHble jgaHHble. [l manbHeiineil paboThl yI00HO TPEeICTABUTD JaH-
HBIH aii B BUe MaCCUBa aMILIATY/I. 1 pebyeTcs peaan30BaTh KIace st
paborbl ¢ WAV Ha si3bike nporpammuposanust PHP [2]. Ha Bxox kiaccy
noaeTcst (aiiji, a Ha BBIXOJIE MMOJIyJIaeM MACCUB, COCTOSIINN 13 aMIUTY/I
JUIMHBI—IACTOTA JECKPUTUZAINY yMHOXKEHON Ha ITPOJIOJIZKUTEIBHOCTD MYy-
sbIKaabHOrO daiina (pasmesn «Ilepsuunas obpaborka wav-ailios ).

Bropast mogzaiata coCTOUT B CO3MaHUEU aJTOPUTMAa IOCTPOEHHST BEK-
TOpa 1O My3bIKaJbHOMY aiiry. JlaHHble BeKTOpa MBI Oy/IeM HCIIOJIB30-
BaTh JIJIsl CDABHEHUsI MY3bIKAJIbHBIX (DailjloOB APYT ¢ APpyroM. ABTOPBI, HC-
cJeyToIre JJAHHOE HAIIPABJIEHUE, COCPEJOTATNBAIOT YCUJINs HA U3BJIeUe-
HUU YACTOTHOI XapaKTEPUCTUKH PEIEBOTO TPAKTA YeJI0BEKA, OTOpACHIBAsT
[P 9TOM XapaKTePUCTUKU CUTHAJa Bo30yx)aeHus. s ornesenus cur-
HaJjia BO30YKJEHHUs OT CUTHAJIA PEUEBOI0 TPAKTa IMPUOEralT K TaK Ha3bI-
BaeMOMY KeICTpajabHoMy aHajan3y. Heobxomumo pean3oBaTh ajrOpUTM
napamerpusain ocHoBanublil Ha MFCC koaddunumenrax [3] na s3b1ke
nporpammvupoBannsg PHP. Ha Bxox Koroporo momaercs MacCuB aIinTy/I,
a Ha BBIXOJIE [OJIyYaeM MACCUB MEJIKEIICTPAIbHBIX KOadhduimenros (pas-
nest «CocraBiieHre BEKTOPa IPU3HAKOB 0 My3bIKAIbHOMY (hailiry» ).

Tperbst moA3amaa COCTONT B BHIOOPE METPUKHU, MO3BOJISIONIE ompe-
JIeJIsITh OJIM30CTh BEKTOPOB. B maHHON pabore BhIOpaHa METpUKA XU-
kBajIpaT. Tpebyercss peasm3oBaTh METPUKY XU-KBaJIpaT HA S3BIKE IIPO-
rpammvuposanust PHP [4] (pasaen «Kiaccudukarust Mmy3bikagibHbIX (daii-
JIOB COOCTBEHHBIM AJTOPUTMOM> ).

YerBepTas mof3aada COCTOUT B BEIOOPE METOJIa MAITHHHOTO 00yte-
HUsl JJIsd 00yUeHus KJaacCuuKaTopa 1o obydarorieit Beioopke. Tpebyer-
Csl peaJin30BaTh AJIOPUTM OCHOBaHHBII Ha MerToje 3TajoHoB [5| (pas-
gent «Knaccudukaruss My3bIKAJIbHBIX (DalyioB COOCTBEHHBIM AJITOPUT-
MOM»). Ta.K)Ke JJId CpaBHEHUA C IIOJIYyYE€HHBIMU De3YyJibTaTaMu HUCIOJIb-
30BaHa OWOJMOTEKa M1 pabOThl ¢ aJrOPUTMAMM MAIUHHOIO O0YyJIeHUsT
Weka (paszen «Kiaccndukanust My3blKaibHBIX (ailJIoB IPH IIOMOIIHN CH-
crem Marsyas n Wekay ).

IIsaras nonzamada cocrout B Hanucanuu WEB-npuioxkenus, mo3so-
JISTOIIETO 3arPy2KaTh My3bIKaJIbHbIE (DAIbl U CPABHUBATD 3arPyKEHHDBIE
daitabl ¢ TasioHaMu JJis onpejieieHns ux »Kaupos. Tpebdyercs peasnzo-
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BaTh IPUJIOXKEHNE Ha si3bike nporpamvuposanus PHP [6] (pasgen «Kuac-
cuduKalus My3bIKAJIbHBIX (DailioB COOCTBEHHBIM AJTOPUTMOM» ).

Tabsmra 1: Tloydennbie pe3yabTaThl.

Asropurm Bepuo He Beprno  Yenex(%)
SVM 187 13 93.5
Random forest 183 17 91.5
BaitecoBckuit kiaccuduxkaTop 178 22 89

CKpUHIIOT TPUJIOXKEHHSI 110 KJIACCH(PUKAINNA My3bIKAJbHBIX (PaiiioB
puBeeH Ha puc. 1.

B craTbe peraercs erme ofHa 3ajlada: HY»KHO peasim3oBaTh WEB-
npuioxkenne Ha si3bikax PHP u JavaScript, B koropowm j10/12keH ObITh pea-
JIM30BAH METOJI MAIIIMHHOr0 00yvYeHnsT Ha 00y varoIeil BLIOOPKe U KJIacCH-
dukanusa n300paKeHuii, ¢ 1MeJbI0 HAX0XKIEHNE OPUTUHAJIA 3arPYKEHHOTO
n3obpazkenns. [IpuiioxkeHme Tak»Ke JIO0J>KHO PEAJHM30BLIBATH II0JIH30Ba~
TeJNbCKUM uHTepdeiic IS aIMIHICTPUPOBAHNS N300paKeHHil.

Puc. 2: Ilpumep pacriosnaBanust. 3arpy>keHHasi KApTHHKA ObLjIa OTHECEHA,
K KJIACCY TPABUJILHO.

IlepBas momzamada cOCTOUT B CUNTHIBAHUU (hailyia n3o0parkeHust s
rocjIeIyIonieii paboThl ¢ HUM KaK C MacCUBOM mukceseir. s paboTb



O knaccuduranyum n300pakeHnii 1 My3bIKAJIbHBIX (DaIoB 93

¢ M300paKeHUsIMU OB PeaM30BAaH KJIACC Ha sS3bIKE MPOrpPaMMUPOBa-
nust PHP, kotopwii cuntbiBaeT m306paskeHne BO3BpAIaeT MACCHB TTHKCE-
neit [7] (pasnen «IlepBuunasi 06paboTKa N300pAYKEHUST> ).

Bropas nozgzasada cOCTOUT B CO3JIQHUN aJrOPUTMa TOCTPOEHUsI BEK-
TOpa MO KAPTUHKE. DTH BEKTOPHI MBI OyJIEM UCIOIH30BATD JIJIsT CPABHE-
HUsI KAPTUHOK JIPYT C JApyroMm. [[jisi mocTpoeHusi BEKTOPOB OB BHIOpaH
anropur™ HOG [8] (pasnes «CocraBiienne BeKTOpa MPU3HAKOB 110 U300-
DAKEHUIO» ).

Tperbst momzamada cocTosiia B BbIOOpe Merpukn. Jljist 3Toro ObLIa
BbIOpana MeTpuka xu-KBajpar (pasjen «Kinaccudukarms My3bIKAJIbHBIX
aiiyioB COGCTBEHHBIM AJITOPUTMOM» ).

Yerpepras 1mojzajiada COCTOUT B BBIOOPE MAITMHHOTO OOYYEHUS JIJTsT
obyuenus 1mo obyuarorieii Beioopke. Jlst 9Toit mom3amadu ObLT BuIOpaH
METOJ OIMKANIINIX coceIet.

IIstrast monzamata cocrout B Hamucanuu W EB-tnpnioxkenusi, mo3so-
JISTIOITIEr0 3arpy’KaTh M300parkeHne U CPABHUBATH €r0 ¢ ITAJOHAMU st
BbisiBIeHust opurnnada 9] (pasmen «Kiaccudukanus nzobpazkennii ).

CKPUHITIOT MPUIOKEHUsT TI0 KJIACCUpUKAIIET N300paskeHni TPUBEJICH
Ha puc. 2.

IlepBuuynas obpaboTka wav-dailjioB

Urak, paccmorpum cambrit 00braubiit WAV daitn (Windows PCM).
OH cocrout u3 jByx dacreit. OjiHa U3 HUX — 3ar0JI0BOK (baitia, apyras —
0b61aCcTh TaHHBIX. B 3aromoBke daitaa XpaHnTcss THPOPMAIUS O pa3Mepe
daiiyia, KOJIUIecTBe KaHAJIOB, 9aCTOTE JANCKPETU3aIlud, KOJIUIeCTBE OUT
B coMILIe (9TY BEJIMYUHY €Ile HA3BIBAIOT [VIyOMHON 3BYYaHNs).

JLst 6OJIBIIEro MOHUMAHUS CMBIC/IA BEJINYUH B 3aI0JIOBKE CJIEJYET eIlle
pacckasaTb 06 00JIacTH JAHHBIX M OIUMDPOBKE 3BYKa. 3BYK COCTOUT U3
KojiebaHuil, KOTOPbIE IPHU OIMU(POBKE MPUOOPETAIOT CTYyHEHYATHIA BUI.
DTOT BHUJ OOYCJIOBJEH TEM, UTO KOMIIBIOTED MOXKET BOCIIPOU3BOJIHUTH B
JII000I KOPOTKUI IIPOMEXKYTOK BPEMEHH 3BYK OIPEIeIEHHON aMILIATY/IbI
(PPOMKOCTH) U 9TOT KOPOTKHI MOMEHT JIAJIEKO HE GECKOHETHO KOPOTKHUIA.
[TpomoKUTEILHOCTE 9TOIO MIPOMEXKYTKA U OIPEIE/IgeT 9acToTa JUCKPe-
tuzanuu. Hanpumep, y nac daitn ¢ qacroroit nuckperusaruu 44.1 kHz,
9TO 3HAYUT, YTO TOT KOPOTKUII IPOMEKYTOK Bpemenn paseH 1/44100 ce-
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KyHIbI (ciegyer u3 pasMepHoctn Besmamubl ['m = 1/c). CoBpemennble
3BYKOBbIE KaPThI II0/JIEPKUBAIOT YacTOTy Juckperusarmu 10 192 kHz.

AMIumTyna BbIpayKaeTcst YMCIIoM, 3aHIMaeMbIM B aMsiTh (daiiie) 8,
16, 24, 32 6ur (Teopermueckn MOXKHO 1 OosibIne). Kak nsBecrno, 8 6ur = 1
baiiTy, cjaeI0BaTE/NIbHO, KAKAasI-TO OJHA AMILIUTYIA B KaKOW-TO KOPOTKUil
IPOMEXKYTOK BpeMeHu B namsatu (daiiine) moxer s3anumarsb 1, 2, 3, 4
baiiTa cooTBeTcTBeHHO. TakuM 00OpazoM, WYeM OOJIBIIE UUC/IO 3AHUMAET
Mecta B namsaTu (daiiie), TeM 6osblle quamna3oH 3HAYEHUN U1 9TOTO
YUCJIa, a 3HAYUT U JJIsd aMIIuTyael. 1 6aifit — ot 0 mo 255, 2 Galita — oT
0 o 65 535, 3 Gaitta — ot 0 10 16 777 216, 4 Gaiita — ot 0 10 4 294 967
296.

B mMomo BapmaHTe 3HAUEHUST aMILIUTY/ILI PACIIOJIOXKEHBI IIOCJIEI0BA~
TeabHO. B crepeo ke, Hampumep, CHadaJsa WJET 3HAYEHHE AMILIATYIIBI
JIJIsT JIEBOTO KaHAaJa, 3aTeM JJIsSI IIPABOro, IIOTOM CHOBA JIJISI JIEBOIO M TaK
naJee.

COBOKyHHOCTb AMIIJINTY/Jbl 1 KOPOTKOI'O ITPOME>KYTKa BPEMEHHU HOCUT
Ha3BaHME COMIIJI.

Kiracc WavParse nipesinasnaden jijisi paboThl ¢ ONHAPDHBIME JIAHHBIMU,
cuntbiBaeT Qaitn popmara WAV u mpejcrapisier ero B BUJIE MAacCHBaA
aMILIATY/L [2].

PaccmoTpum KOHCTpYKTOp _ comstruct kjiacca B HeM HPOUXOJIUT
cunThIBaHue .wav (aiiyia ¢ mpoBepKoil ero Ha YuTaeMocTb. Jlasee mpons-
BOJIUTCS IIPOBEPKa KOppekTHOoCcTH daitia. Pazmep daitna He MOXKeT OBITH
MeHbBIIIe pa3sMepa 3aro/IOBKOB.

3areM, IOCJIeIOBATEIbHO CIBUIAsICh 10 3ar0JI0BKAM, CUUTHIBAIOTCS
JAHHBIE B MACCHUB JIJIsI JaJbHeeir paboThl ¢ 00 bEKTOM.

ITocye momytueHns: BceX 3ar0JI0BKOB ITPOBEPSIETCS, SIBJISIETCS JIX 3TO
MOHO HJIU cTepeo (aiiyi 1 B 3aBUCUMOCTH OT ITOTI'O BBLIOMPAETCS HUHUCJIO
MIPOITYCKAEeMBbIX aMILIUTY/L JJId ONTUMUIAIIAN.

Jlasee cuuThIBaeTCS HENMOCPEJICTBEHHO CaM MACCHUB AMILIUTYI, ITPO-
IycKast HEKOTOPOe KOJIMYeCTBO aMILIATY/I JIJIsi onTuMu3aiuu namsaru. Ha
9TOM paccMoTpeHue OyHKIUNI construct 3akan4yuBaeTcs.

Hmxke npuBongaTcss MeToIbl 1jist PAOOTHI ¢ OMHAPHBIMU JaHHBIMU. Pe-
AJIM30BAHbl METOJIbl [IPeodpa30BaHnsl OMHAPHBIX JAHHBIX B CTPOKY —
readString, B uncia — readLong u B cimoBa — readWord. Kpome Toro
peasim3oBana (YHKINs paciakoBKu buHapubix jJanubix — read Unpacked.
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CocraBJiieHne BEKTOPa IMPU3HAKOB 10 MYy3bIKAJIb-
HOMY paitry

B kadecrBe uHGMOPMATUBHBIX [PU3HAKOB HCIOJIH30BAJIUCH MeJI-
yacroTHble Kercrpasibhbie Koadgdunuenrsr (MUKK). Januble npusnaku
IMIPOKO MPUMEHSIOTCS B 3a/iadaX pacrno3naBanns pedn. OHI OCHOBAHBI
Ha JIBYX KJIIOYEBbIX MOHSATUSIX: KeICTp U MeJ-mkaja. Kemcerp (cepstrum)
— 3TO PE3yJIbTAT JUCKPETHOIO KOCHHYCHOT'O IPEOOpa30BaHUs OT JIOTa-
pudMa aMIUTUTYIHOTO CIIeKTpa curaaja. PopMalibHO:

c(n) = DCT{log(|F{f(t)}I*)}

Mes-kaia MOJeIMpyeT 9acTOTHYIO YYBCTBUTEIBHOCTH YEJIOBEYECKOTO
cayxa. CrenuajncraM 1o ICUX0aKyCTHKE ObLIO yCTAHOBJIEHO, 9YTO U3ME-
HEHUe YaCTOTHI B JIBa pa3a B JUANA30HE HUSKUX U BBICOKUX YACTOT YeJIO-
BEK BOCIIpUHUMAET Io-pasuHoMmy. B wacrornoit mosoce 1o 1000 I'ip cyob-
€KTHUBHOE BOCIPHUSTHE YABOECHUS YACTOTHI COBIIQIAET C PEATbHBIM YBEIU-
YeHMeM YACTOTHI B /iBa pasa, modromy no 1000 ['ip mes-mkaia 6/m3ka K
simueiinoit. s wacror Beire 1000 ' mest-miikadia siBisieTcst jiorapudmu-
YECKOM.

MFCC (mel frequency cepstral coefficients) — wiacc, KOTopblii 110
MACCHBY aMILIUTYJ] CTPOUT BEKTOP HMPU3HAKOB [3].

Paccmorpum rimaBayo dyukmuio getMfce: ucmonbdyercs meron
CKOJIB3SIIETO OKHA, HAYAIO KarKJIOTO MOCIEIYIONero gppeiiMa puxoIuT-
cd HA cepejuHy Tpeablayiero. lIpoxomum B IuKJIe MO BCEMY MaCCHBY
ammnryy s[t]. Hamee s[t] pasbusaercs na K dpeiimo mo N orcueros,
HepeceKaoImuxcst Ha 1/2 1jmHbI:

sit] = Splt],n=1,.... K

Hastee 10cse10BaTENBHO JJIsI KaXKJI0r0 dpefiMa MPOU3BOJIATCH Pa3Iny-
HbIe Tpeobpa30BaHust ONMUcaHHbIe HIzKe. Fourier — BbI3bIBaeM IHUCKpeET-
noe npeobpazoBanus Oypbe i MOy deHus CIIEKTPA UCXOIHOTO CUTHA-
Jta, najiee Boi3biBaeM setCenters jijist HaX0XK IeHUsT IEHTPAJIBHBIX 9ACTOT
TPEYTrOoJIbHBIX (DUJIBTPOB, 3aTEM BbI3biBaeM setSmp — dyukmus, KoTo-
past IepeBOJIUT IEHTPBI TPEYTOJIbHBIX (DUIBTPOB B HOMEPA OTCUETA CIIEK-
TpaJIbHOIT TI0THOCTH MOIHOCTH curasia P, [k|, nocie BbisbiBaeMm (yHK-
nuio setXn, Koropasi BBIUUC/SIET SHEPIHUIO TeKyiero dpeiiva setXn u
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nocyienaee Bbi3oB dyuknun getCepstral — Borauciaser camu mfee Ko-
3O DUIUEHTHI.
ITepBbIM j1e/TOM HAM HYKEH CIIEKTP HUCXOJHOTO CUT'HAJIA, KOTOPBI M0~
JIYIaeTCsl ¢ TIOMOIIBI0 TpeobpasoBanusa Pypoe. s kaxmoro gppeiima Bo
BCEX aMILIATYJIAX BBICIUTHIBAETCS JIMCKpeTHOE rpeobpasoBanue Pypbe.

N .
m&mzﬁz&mmﬁﬂvn
i=1
N .
ImX[k] = —% 38l sm(%k(;v_l)

=1

N k=1,...

Yk=1,...,M,M

Haxozurest criekTpasibHasi IUIOTHOCTb MOIIHOCTU curHada (dpeiima)

II0 IIOJIYYE€HHBIM BBIIE 3HAYCHUAM:

Po[k] = Ay [K]?,

Aplk] = VReX,[k]? + ImX,[k]2.
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Pacemorpum dyukmmio Fourier, BuIIuc/siiontyio JAUCKpPETHOE IIpe-
obpazoBarue Pypbe. 3aHYIAIOTCH TEPEMEHHBIE U OCYIIECTBJISIETCS IPO-
XOJ[ 110 IWKJIY, BBICIUTBIBasi CyMMy. AprymeHTamMu (OYHKIUHA SIBJISTFOTCST
input — rekymmit dhpeiim, k — uHgekc ssementa dpeiiva. Berauncisiercs
JeficTBUTe/IbHAS W MHHUMAas YacTh npeodbpazoBanus Pypoe. Bozspara-
ercs CyMMa KBaJIpaTOB JIEHCTBUTEIbHON U MHUMON dactu. Ha 3ToM MBI
3aKAHINBAEM OIUCAHUE JAHHONW (DYHKITUMU.

[Tocne nonmydenust criekTpa HY?KHO PACIIOJIOXKHUTH €r0 Ha, MEJI-IIKAJIE.
st 9TOro Mbl UCIOJIb3yeM (DUIILTPHI, PABHOMEPHO PACIIOJIOXKEHHbIE HA
mesi-ocu. Heobxonuma dyHKIMst, KOTOpasi pABHOMEPHO PACIIOJIOKUT ITU
dunprpel. Hyxk#Ho 337maTh KosmdecTBo GUILTPoB P, a TakKe HaYab-
HYIO 9aCTOTY f; M KOHEUHYIO JacToTy ff. [lasee monamoburcsa mepeBectu
YaCTOTHI B MEJIBI.

flm = fmel(fl)a
fhm = fmel(fh)-

Pacemorpum dyukimio herz2mel mepepoga us I'epr; B Mesnr apry-
MeHTOM (PYHKIUH siBjIsieTcsl BennanHa B Iepriax. [lepeBos mponcxoaur mo

cetyromeit popmyie.

Fmet(frz) = 1127In(1 + Iz

7007
Ha sTom ommcanue dyukiun herz2mel 3akanunBaercs.

Pacemorpum dynkimio mel2herz nepesoma uz Mejos B B epribr.
AprymenToMm GyHKINN siBjIsteTcs BendanHa B Mestax. Ileperos BemnanH
IIPOUCXOUT TI0 CJedyoteit popmyie.

Fhz(fmet) = 7()0(@!;’1"72671 -1).

Ha strom onucanue dynxknun mel2herz 3akanyunbaercs.

[Mepeiinem k paccmorpenuto dpyukiun setCenters, Haxosimeil meH-
TpabHbIE YACTOTHI TPEYTOTBHBIX PUIbTPOB. OODABIACTCS MACCUB Xpa-
HSIIIWI TIeHTpaJibHble 9acTOThl. Havaio m KoHer| BLIGPAHOTO JUANa30Ha
YACTOT IIEPEBOIAATCA B MeJIBI. Jlajiee mponcxoauT 3a/1aH1e IEeHTPOB acTOT
B Mes-mkasie. B Hamem ciyuae magasio — fiStart = 300, a xoner; filEnd
= 8000, filterCount — kosmvaecTBo puibTpoB. Ha mes-mkaje orpe3ok
[fi™, fn"™] pasbuBaercs Ha P + 1 paBHBIX HEIEPECEKAIONIIXC S OI0TPEe3-
koB [f;™, fix1™], 7 =1... P+1 qyunsl len = %. Jlaee HaxoIsATCS
WX TEHTPBI
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C"i]=fi"+i-lenyi=1...P

U 1epeBojigTes B mKasry lepil. 3aTeM HEOOXOMMO BBIYUC/IUTD EHTPAJb-

HBbIE€ 9aCTOTbI Tpeyrom)Hbe (bI/IJIprOB
Cli] = fr-(C™[i]),i=1...P

Ha srom onucanue dpyuknuu setCenters 3akanunBaercs. Eciau nepese-

Puc. 4: Mes-mkaia. Puc. 5: Hacrora (I'ep).

ctu 10T rpaduk (puc. 4) B YACTOTHYIO IIKAJIY, MOXKHO yBHJIETH TAKYyO

kapruny (puc. 5).

Ha sTom rpaduke 3amerHo, uTo GUIBTPHI «cobUpaloTcsy B obyacTu
HU3KUX YaCTOT, obecieunBas 60jiee BHICOKOE «Pa3pelIeHnes TaM, IIe OHO
HEOOXOIMMO JIJIsT PACITO3HABAHUSI.

HenTpb! TPEYTOMBHBIX (DUIBTPOB IIEPEBOIATCA U3 ['1T B HOMepa OTCHe-
roB MaccuBa Py [k]. Paccmorpum dyskimio setSmp, e scaleCentre —
MaCCHUB IIEHTPOB IOJy4YeHHBIH pyHKnmei setCenters, sampleRate — uc-

XO/IHasl JaCTOTa JUCKPETU3aIlluu.

fompli] = %C[i],i =1...P.

o

Fy — 310 wacTora JUCKPETU3aIlUd UCXOJMHOrO curHasa. Ha srom Mbl
3aKaHIMBaeM paccMoTpeHue (yHKIuu setSmp.

[TepemHOXKEHIEM BEKTOPOB CIIEKTpa CUTHAJIA W OKOHHOMW (hYHKITHH
HalileM SHEPTHUI0 CUTHAJA, KOTopas IoMaIaeT B KaXKIbli 13 (pUIBTPOB
aHaJm3a. Mbl MOJTyImIm HEKOTOPBIiT HAOOp KO3 PUIMEHTOB, HO TO €IIe
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e re MFCC, koropsle Mbl uiiieM. [Toka ux ycJIOBHO MOXKHO Ha3BaTh Mei-
YaCTOTHBIMU CHEKTPAJbHBIMU KO3 dumnmentamu. Bo3BoauM ux B KBaJI-
par u Jiorapudmupyem. HaMm ocragoch TOJBKO MOJYyYUTH W3 HUX Kell-
CTpaJIbHBIE, WIN «CIEKTP CIeKTpas. Iljisi 9TOro HaM HY>KHO ITPUMEHUTH
JIICKPETHOE KOCHHYCHOE IIpeobpa30BaHue.

Pacemorpum dynkmuo Hik. @unsrp H;[k] Fsmp-maccus, mosyden-
ubIit byuknumeit SetSmp. OyHKINS peasn3yeT MIpeICTABICHHBIN HIZKE aJl-
TOPUTM

! » k< fompli—1]
(kffswwﬂ[ifl]) . .
Hilk] = { Toppfllomp BTl fsmp[z. 1] <k< fslmp 1]
Tt oo Jsmoll] <K< fompli + 1]

O ? k > fsmp[i + 1]

Ha stom paccmorpenne dynkiun Hik 3akamauBaercs.

Hamee paccmorpuM dyHKIUO setXn moaydeHnst pUIBTPOB OTCUETA
CIIEKTPAJILHON IIJIOTHOCTH MOIIIHOCTH CUTHAJIA, KOTOPasl YMHOXKAET ero Ha
cuermasibhbiil pusibrp Hik, u npoucxour B3sTue jiorapudma oT pe3yiib-
Tara.

1
Xo[i] = n(Xpn[i]),i=1...P

SaHyIAI0TCS TepeMeHHbIe CYMMBI 1 MACCHB (bUIBTPOB oTcueTa. [Ipo-
XOJIUM B ITUKJIE 110 KOJIMIECTBY (DUIBTPOB U 10 YUCJTY JIEMEHTOB BO (hpeii-
me. 3uauenue P,[k] ymHO)Kaem Ha coorsercrByomuii dbunsrp H;lk].

Ot nosyvennsiit cymMmMbl 6epercs jorapudm. Ha srom paccmoTpenue
dyuknnn setXn 3akaHYMBaETCH.

Pazbepem dpynknuio getCepstral. [lonyuenne kencrpaabHbIX KOI(D-
durmenros . [Tocse BoicunrbBanus koadduimenros X, [k] 6epercs muc-
KPETHOE KOCHHYCHOE IIpeobpa3oBaHue.

P
. . 11D, . .
Cnlil = kgl Xnlk]cos(j(k — 5);),2 =1...Pj=1...J
Cyplj] — maccus kencrpaiabHbX KodddurmenTos, J — xKeaaeMoe Y0

ko3 durmentos (J < P)



60 B.B. Ocoxun, T. 1. Aunos, 3. A. Huszosa

Heobxomumo mpofiTu B IHMKJIE 1O KOJUIECTBY KOIPDPUITHEHTOB
coefCount u kosimaecrBy duabTpos filterCount

JlaJiee BBICUNTBIBAETCS JUCKPETHOE KOCUHYCHOE IIpeobpazoBanus Py-
pre. Ha arom pacemorpenne dyuknun getCepstral 3akamunpaercs.

Knaccudukarumss My3bIKaJdbHBIX @ailjioB coO-
CTBEHHBIM AJTOPUTMOM

Omnpepnensiercst pynkius chisqr paccrostHust Mexxay BekTOpamu. B
JlaHHOi paboTe OblLIa BhIOpaHa Merpuka Xwu-kpajpar [4]. Ha srom pac-
CMOTpPEHUE JTaHHOW (PYHKIUU 3aKAHINBAETCSI.

Meto ieHTpOuI

Paccmorpum  dyskimio centroid Bwrumcistiontyo 1esrpouay  |[5)].
CuuTbIiBaeM KOJUYECTBO BEKTOPOB, JJIMHY BEKTODPBI U OObSABIISEM MAac-
CUB B KOTOPOM OyJleM XPaHUTb CpPeJHee 3HAUEHUE.

[TpoxoauM IUKJIOM 10 KOJIMYECTBY BEKTOPOB U JIJINHE BeKTopa. BbI-
YUCTIseM CpejlHee 3HadYeHue W Bo3BpaimaeMm ero. Ha sTtom paccMoTpeHune
dyuknun centroid 3akanduBaeTcs.

My3bika — MOJIy9YeHHBIE PE3YJIbTATHI

Ha 6a3ze asropurma MFCC 6b110 Hanucano WEB-mpunoxenue, onpe-
Jleststroniee JKaHp MeTofoM rienTpous (puc. 1). st BBIYHCTIEHUS TI€HT-
poun Beibpano 50 m3 100 daitno kaxmoro kaupa. s TectupoBaHs
nogaBasinchk gapyrue 50 daitnos. TecToBoe MHOXKECTBO OBLIO CKadYaHO C
caiita marsyas.info. Ajgropurm MFCC B cBsizke ¢ BBIOpAHHBIM aJITOPUT-
MoM KJtaccudukamy nokasas ot 70% mo 85% ycmenmoro pacro3naBanmst
B 3aBUCUMOCTHU OT Kaupa. Jlydammii pesyabrar B 85% OblLI JJOCTUTHYT Ha
MHOKECTBE KJIACCHIECKON My3bIKHU [6].

Kiaccudukaiusa My3blKaJabHBIX @aiiljioB IIpu
nomoinu cucreM Marsyas m Weka

Marsyas (Anajn3 My3bIKH, [OUCK W CHHTE3 AyJMOCUIHAJIOB) —
GbPpefiMBOPK ¢ OTKPBITHIM MCXOIHBIM KOmoM. JlaHHas cucrema ObLia pas-
paborana [[xxopjxem [laneTakucoM ¢ MOMOIIBIO CTY/IEHTOB U HCCJIEI0-
Baresell co Bcero mupa. Marsyas ObLI UCIIOIB30BaH [ PA3IUIHBIX ITPO-
€KTOB, KaK B aKaJIEMUYECKUX, TAK U B IIPOMBIIIJIEHHBIX KPYyTaxX.
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Weka — mpezcraBiaser coboit HAOOP CPeCTB BU3YAJIU3AINNA U aJIr0-
PUTMOB JIjist UHTEJUIEKTYAJILHOTO aHAJIN3a TAHHBIX U PEIIeHUsT 38/1a1 [IPO-
THO3UPOBAHUSI, BMECTE C IPADUIECKOH MOIH30BATETLCKON 000I0IKOMN J1/Tst
JIOCTyTIa K HEM.

Weka IIO3BOJIZET BBIIIOJHATL TakKHe 3aJavMd aHaJn3a JaHHbIX, KaK
HOJINOTOBKa, JIAHHBIX (preprocessing), orbop npusnakos (anri. feature
selection), kiacrepusanusi, KiaccuduKaliusi, perpecCUOHHbIN aHAIN3 U
BU3YaJIM3AIUS PE3YIbTATOB.

Jns anajm3a My3bIKH HCIIOJIb30BaJjach KOHCOJIbHas 000JI0YKa 6ub-
Jimorekn Marsyas.

it mostyueHnst BEKTOpa NPU3HAKOB HY?KHO nepesectu daitn (MHO-
’KecTBO (ailioB) B crenuaabHblil popmar *.mf

DTO0 HeaaeTcs ¢ IOMOIIBI0 KOMAHIbI

Is x.wav > test.mf

Jas Toro, d9robbl momyunTh afll ¢ MHOXKECTBOM TPU3HAKOB, Ha-
JI0  mojaTh Ha BXoj uporpamme kjiaccel (.mf aiiel) ¢ 10-
MoIbio KoMmaHAbl “bextract”. B pesyabrare wero mosyuum aitn
MARSY EMPTYtest.arff, koropsiii comepxkut crenuaibHbiil dopmar.
Dror dopMar MbI MOXKEM I0JaBaTh Ha Bxoj Weka s jrajbHeiero
aHaJIN3a.

bextract —sv disco.mf jazz.mf —w test.arff

[TpuBenem KoMaH Ly JIsT CO3/IaHusT 00y YeHHOI Mojie i MeTo oM SV M st

JIaJIbHENIIEro paclio3HaBaHUsl TECTOBBIX JaHHBIX

java —XmxlG —cp \/opt\/weka—3—6—12\/weka.jar weka.
classifiers.trees.J48 —C 0.25\\ -M —t MARSYAS\
_EMPTYgen. arff —d j48.model \\

DTa KOMaH1a co3/1aeT 0OyIeHHYIO MOJIe/b. B JaHHOM C/Iydae HUCIIOJIb3Yy-
€TCA aJIlOPUTM JICPEBbEB PEIICHUN.
Jlasee HaM HY?KHO IPOTECTHPOBATH HAIy OOYYIEHHYIO MOJEIb. JTO
JleJTaeTCs CJIeIYIONIE KOMaH/I01:
java —XmxlG —cp \/opt\/weka—3—6—12\/weka.jar weka.
classifiers.trees.J48 —T \\ MARSYAS\ EMPTYtest. arff —1
smo.model —p 0

CozmaB u pOTECTUPOBAB MOJIEJIb, OBLIA MOJIYIEHbI CJIEIYIONHE pe-
3yJIbTAThl (TECTOBOE MHOXKECTBO OBLIO CKaYaHO ¢ caiita marsyas.info).
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My Company CC  Marsyas+weka  [nasHas

testmp3

testmp3

Blues Classical Disco Jazz Metal

classical?. wav disco3.wav metal

classicalg.wav disco4.wav metal17 wav

classicall1.w

5
=

disco7 wav metal19.wav

classicall3.w

5
E

classical15.wav

5

Puc. 6: Ilpumep paborsr npuioxkenust. Ha Bxox momanst 11 daitmos u Bce
13 HAX KJIACCU(PUIIMPOBAHLI BEPHO.

Tabsmra 2: Tloydenubie pe3yabTaThl.

Ajropurm Bepuo He Bepno  Yenex(%)
SVM 187 13 93.5
Random forest 183 17 91.5
BaitecoBckuii kiaccudukaTop 178 22 89

Ha ocaoee mMozenn SVM ObLI MOCTPOEH OHJIANWH KJIACCH(PUKATOP My-
3BIKU.

IlepBuunasi 00paboTka M300parKeHns

st monukceabHON 00pabOTKU N300parKeHnii HaM IOHAI00ITCsT Y100~
HbI€ HHCTPYMEHTHI i1 PAOOTHI ¢ KapTuukamu. [ljs sToro 6nL1a pa3pabo-
TaHa HeOosbITas OubanoTeka Ha s3bike nmporpamvupoBanus PHP, pabo-
raromasi ¢ JPEG u PNG uzobpakenusimu. Bubiinoreka MoxKeT BblIaBaTh
Ha BBIXOJE YepHO-Oesioe n30bpakeHne Inb0 MacCuB MUKCeJIel, mpeaIcTas-
astroruii uzobpazkenne B GrayScale (orrenku ceporo). Kinace ImageObj
103BOJIsIET paboTaTh ¢ N300paKeHneM KakK ¢ MacCUBOM IHKcesei [7].

Paccmorpum koncTpykTop construct, KOTOpblit CIUTHIBACT n1300pa-
JKeHrne u onpejenser ero pasmepbl. Oyakius imagecreatefromjpeg
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BO3BpAIaeT UICHTH(MUKATOP N300paKeHNsI, IOy IeHHOTo u3 draiiia ¢ 3a-
JIAHHBIM UMEHEM. YCTaHABJIUBACTCS KOJUIECTBO ¢TOJI01I0B width u cTpok
height B maccuse, 3arem BbI3bIBaeTca dyukius setPixArray, koropas
BO3BpaIlaeT n300parkeHne B Buje MaccuBa rnukceseit. Ha srom onucanue
JIAHHOM (PYHKIINY 3aKAHIMBAETCSI.

RGB (ab6pesnarypa anrmamiickux ciaoB Red, Green, Blue — kpacHusbrii,
3€JIEHBII, CUHWIT) — &JJIITUBHASI [IBETOBAasi MOJICJIb, KAK [IPABKJIO, OIUCHI-
BaloIas CIOCOH CHHTE3a MBETA JJIsT IIBETOBOCIPON3BEICHNS.

Nzobparkenne CINTHIBACTCS MOTHKCETBHO. 3aTeM UIET Oy IeHne KO-
OP/IMHAT, TOJIyUeHHbIE KOOP/JMHATHI IpUCBanBatoTcss o0bekTy Pixel. Pac-
cmorpuM dyuknuio setPixArray cunTbiBaioniyio 3HaUeHne KOOPIUHAT
RGB. Jlia kaxnoit Koop/inHATHI H300parkeHus mosrydaeM 3uadenue R, G,
B koopaunat. I BosBparmaem maccu mukcesneit. Ha sTom paccmorpenne
dyukun setPixArray 3akananBaeM.

IIpeobpazoBanne wuz00parkeHusi W3 IBETHONO B OTTEHKU CEPOro
(grayscale). fIpkocrb nukcess grayscale-n300pakeHns PacCIUTHIBACTCS
110 cJIeTytoreit popmyJie:

Y = 0.299R + 0.587G + 0.114B

[Tepeiinem k onmcanuto pyukiuu getGreyScale nonyuenns: maccupa
GrayScale (orTenkos ceporo). Bosspamiaer maccus 3uauenuii or 0 g0 255
Bo Bpewmsi ipoxojia 1o MacCuBy IIPUCBANBAEM €T'0 3JIEMEHTaM 3HAYCHUST 110
BBIIIeOIpeiesieHHoi popmysie. Ha srom 3akanunBaem omucanve pyHKIUN
getGreyScale.

ITepetimem x onmcanmio pyukinuu getGraylmage Onumiem dyHK-
A0 TTOJIydeHusi yepHo-6e/1oit pororpadpuun. Cozmaercs HOBasl KAPTUHKA
¢ TemMu ke mapamerpamu u B KadecrBe RGB koopguuaT 3amuceiBaeTcs
ero «cepocThb». PyHkIwms imagecolorallocate(resource $image,int $red,int
$green,int $blue ) BozBpamaer uaeHTHdUKATOD 1IBETA B COOTBETCTBHUU C
zaytanabiMu RGB koopauraramu. Ha sTom 3akanamBaeM onucanue PpyHK-
mnu getGraylmage.

CocraByieHne BeKTOpa ITPU3HAKOB 110 n300paKe-
HUIO

Anropurm HOG (Histogram of Oriented Gradients) mosBosisier moJry-
YUTH BEKTOD NMPUBHAKOB 10 m300parkenuto. OCHOBHON uieeil aaropurma
SIBJISIETCs JIONYIIEHUE, YTO BHEITHWH BuJ u dopMa oO0bekTa Ha ydacT-
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Ke n300pakeHus MOI'yT ObITh OIUCAHDBI PACIIPeIeJIEHUEM I'PAIUEHTOB HH-
TEHCUBHOCTH WJIM HAIIPABJICHIEM KpaeB. Peajim3alius 3Tux 1eCKpUIITOPOB
MOKET OBITH IMPOU3BEJICHA IIyTEeM pa3jeeHns n300pakeHusl Ha, MaJIeHb-
KU€ CBsI3HBIE O0JIACTH, UMEHyeMbIe suefKaMM, U PACIETOM JIJIs KarKI0n
AYeHKU I'UCTOIPAMMBI HAIIPaBJICHUI I'PaUeHTOB U HallpaBJICHUN Kpaes
JIJIsT TIMKCEJIOB, HAXOMANIUXCS BHYyTpU siueiiku. KomOuHaIus 3Tux rucro-
I'paMM U ABJIA€TCA AECKPHUIITOPOM. ZLHH yBe/IMI€HUA TOIHOCTU JIOKAJIb-
HblE€ TUCTOTPAMMBI IOJIBEPTaOTCs HOpMaJm3aluu o Kourpacty. C sroit
IIEJIBIO BBIYMUC/IAETCSA MEPA MHTEHCUBHOCTU Ha OOJIbIieM hparMeHTe m300-
parkeHusi, KOTOPBIi HA3BIBAETCS OJIOKOM, U TIOJIy YeHHOE 3HAYEHUE UCIIOJIb-
3yercsi Jjisi HopMaJjm3auu. HopMain3oBaHHBIE JECKPUIITOPBI 00J1a1af0T
Jiydineil “HBAPUAHTHOCTBIO IO OTHOIIEHUIO K OCBEIIEHUIO.

Auropurm HOG mMeer HECKOBKO NMPEUMYIIECTB HaJ APYTUME Ie-
ckpunropamu. [Tockosbky HOG paboraer JioKaJabHO, METOJ, TOJJEPAKI-
BaeT MHBAPUAHTHOCTH T'€OMETPUIECKAX U (POTOMETPUIECKUX IIpeobpa3o-
BaHUM, 38 UCKJIIOUEHNEM opueHTaIuu oobekTa. [1o100HbIe n3MeHeHus 1o-
SABSATCS TOJILKO B Oosibiux pparMeHTax m3obpakenus. Bojiee Toro, Kak
obnapyxkmm laman u Tpurrc, rpyboe pasbueHne mpoCTPAHCTBA, TOU-
HO€ BbIYNUCJIECHUE HaHpaBJIeHI/II';I 1 CHJIbHad JIOKAJIbHAad CbOTOMeTpI/I‘{eCKaH
HOPMAJIM3AIUS [MO3BOJISIIOT UTHOPUPOBATDH JIBUXKEHUS IIEIIEXO0JIOB, €CJIn
OHU TTOJIJIEPYKUBAIOT BEPTUKAIbHOE TojioKeHue Teja. Jeckpunrop HOG,
TakuM 00pa30M, SABJISETCH XOPOIIUM CPEJICTBOM HAXOXKJEHUS JIOJeil Ha
usobpazkenusix. [lepeiigem Kk pacemorpennto kiacca Hog [8].

Nzobpaxkenne pasdbuBaeTcss Ha OJIOKU 8X8 MUKCeIeH U JJIst KaXKI0T0
6.HOKa. BBIIUCJIAETCA TUCTOPpaMMa, a TaKzKe HUCIIOJIb3YyeTCdAd METO CKOJIb-
3s111ero OkHa (6JIOKHM HAKJIAIBIBAIOTCS JIPYT HA JIPyTa).

Creprka ¢ dpuibrpamu Cobesisi. CHavasia ONUIIEM OCHOBHBIEC MOHSI-
THS.

[TousiTue cBepTKM M300paKeHUl MPOUJLIIOCTPUPOBAHO Ha IPUBEICH-
HOM pucyske (puc. 7).

Paccmorpum dynkiuio getGx omeparopa Cobestst, KOTOpast BBITHC-
JISIET TIPOU3BOMHYIO SIPKOCTH U300parKeHNsl B TOPU30HTAJBHOM HaIPaBJIe-
HUU.

ﬂﬂ?{ KazKJI10T'O ITNKCeJIA I/I306pa}KeHI/IH BBIYUC/IAETCA ITPOU3BOIHAA AP-
koctu. Ha sTtom pacemorpenue dyukinn getGxX 3akaHInBacM.

Pacemorpum dynknmo getCell mis mocemoBaTe/bHOTO BbIIEIEHNAS
KJIETOK W CIJIa’KUBaHUsT KpaeB. ApryMeHTaMu (bYHKIIUU SIBJISIETCST KOOP-
JIMHATHI BEPXHErO JIEBOTO IMUKCess KJeTKd. Jlajgee BbIOUpAIOTCH KJIETKH
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-lx8+-2x5+-1x6+0x4+0x2+
+0x5+1x5+2x3+1x4=-9

Puc. 7: IIpumep pabotsl oneparopa Cobesst.

COCeIHUE TUKCEJIIO W JIMArOHaJIbHbIE KJIETKH, TeM CAMBIM HOJIydaercsa 9
KOOPJIMHAT TO €CTh MaccuB pasmepa 3x3. Ha srom pacemorpenne dhyHK-
muu getCell zakamanBaem.

Broruuciienune rucrorpamm rpajguenTon. s Hadasia Best 06J1acTh u3-
MeHeHUsl HalpaBjieHusi rpajauenta (Hampumep, [0, 211] ) pasbusaercs Ha
HekoTopoe (Topsiyika 8-32) YHCI0 cerMeHTOB. Bribupaercss HEKOTOpast
KJIeTKa, JJIs Heé CO3/IaeTCsl MACCUB pasMepa, PABHOTO KOJUIECTBY CEr-
MeHTOB. [/ KaxKJI0ro NMUKCess KJIeTKH BBICUUTLIBAETCS, B KaKOH cer-
MEHT TIOTIQIA€T HAIIpABJIEHUE TPAJMEHTa B 3TOM MUKCETe W MPUOABIIseT-
csl 3HAYEeHUe MOJYJIsl TPAJUEeHTa B COOTBETCTBYIONLYIO f4eiiKy MacCHuBa.
B pesysibrare nosyvaercss rucTorpaMMa OpUEHTHPOBAHHBIX I'DaJINEHTOB
nuKceseil BLIOpaHHoi Kiaerku. [ToBTOpuM Hpoleaypy MOy deHrs] THCTO-
IrPaMMBI JIJIsl BCEX KJIETOK.

Tlonpobuo pazdepem dyuknuio getLocalHistogramm mnosnydenus
IECTOIPAMMBI JIJIsl KJIETKH.

e Brruncisierca npousBoJHble apKocTu uzobpaxkenuit Gy, Gy .

e 3HadeHHEM TUCTOTPAMM sBJISeTCA IPUOIMZKeHHOe 3HAYeHUe BeJIH-
annbl rpaguenta G = /G2 + G2

e 3anuchiBaeTCs MOJYYEHHOE 3HAYEHHE B IIPOMEXKYTOK, OIpeiesisie-
MBIl Beraucstennoit Besmannoit $this->getDirection($Gx,$Gy).
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e Hopmasinzyercs 1101y deHHBII BEKTOD.

Kaxxyio kieTky, KpoMe IepBoil, HeOOXOIMMO OIIPEIEIIATH C CEPETUHBI
npeblIyIneii (MeTo CKob3siero okua). [Tpoxosst mo Bcem sjieMeHTaM
TEKyIIEH KJIETKU BBIYHUCJISIETCS] TPAIUEHT W YTOJI IPKOCTH. Bhraucisiercst
IPAJIMEHT 110 X U ¥.

AGCOIIOTHOE 3HAYMEHUE I'PAJIMEHTa [PUCBAUBAETCS B COOTBETCTBYIO-
Ui TPOMEXKYTOK. B KOHIIE MeTO[a ITPOUCXOUT HOPMAJIUBAIMS TUCTO-
rpamMm. Ha sTom paccmorpenne dpyukinn getLocalHistogramm zakan-
YUBAEM.

[Tepeiinem kK paccmorpenuio dyuknuu getDirection BoicuuThIBaiO-
ero yroJs rpajuenta B rpajgycax (yroa ot 0 mo 360) © = arctan(g—z):
Aprymentamu GpyHKIINU SBJIsIeTCsT pe3ysabTaT omeparopa Cobesist B ropu-
30HTAJBLHOM M BepTUKaJbHOM HalpasieHnu. OyHKIns BO3BpAIAeT yroJ
B rpajycax. Ha srom pacecmorpenne dpyuknun getDirection zakanausa-
€M.

Omumem ¢dyukimio get AbsValuegOfGradient, koropsrit Bo3Bpa-
maer abCOIIOTHOE 3HaYeHre IpajreHTa 10 X u y. OyHKIMS BO3BpaIIaeT
KOPEHb U3 CYMMbI KBaJIpaToB KoopauHat. FKcym 3Havuenue menbiie 40, To
3aHYJIIM €ro, TeM CaMbIM u3baBuMcs OT myma. Ha aTtom onucanue dpyHK-
unn get AbsValuegOfGradient 3akanunBaeM.

B zaBucuMocTH OT KOHTPACTHOCTU M300parKeHUsT 3HAUEHUSI [P HeH-
TOB MOTYT CYyIIECTBEHHO pa3nmdarhbcsd. 1[o9ToMy BarXKHO HOPMAJIU30BATH
TUCTOTPAMMBI, UTOOBI CBOWCTBA OCBEIEHUsS] HE BJIUSIIA HA PE3YyJIbTATHI.
Kaxxasi rucrorpamMma 1o CyTu sABJISETCH BEKTOPOM — YIIOPSIOYEHHBIM
HabOPOM U3 HECKOJIBKUX Uncesl. HopMaausaiiust THCTOrpaMMBbI — 3TO HOP-
MUPOBaHME BEKTOPa, TO €CThH JIeJIEHNE BCEX €r0 3HAYEHUN HA HEKOTOPYIO
HOPMY 3TOT0 BeKTOpa. HOopMbI MOTYT OBITH pa3HbBIE, HO MIPOIIE BCETO BOC-
[OJTb30BATHCS €BKJINOBOI HOPMOi (KOpEHb M3 CyMMBI KBAJIPATOB JIe-
MEHTOB).

Pazbepem dpyukIimo normalize HopMmam3aun BEKTOPA.

Heobx0nMo BBIYUCUTD HOPMY IOJIYYEHHON TMCTOrpAMMbI. Bbraumc-
agercss EBKMIoBa HOpMa BeKTOpa (IHCTOrpaMMbl). 3HaYeHHE BEKTO-
pa JleJiuTcs Ha 3HaYeHue ero HopMbl. Ha 3ToMm ommcanue QyHKIUH
normalize 3akanynBaeM.

Ob6beiuHeHne THCTOIPpAMM B JIeCKpUITOp. Bcee, 4To ocrajoch cie-
JIaTh, — 9TO COEJIMHATH (KOHKATEHUPOBATH, 3aIIICATh [10CJIEI0BATEIILHO)
[IOJIyYE€HHbIE HOPMAaJIU30BaHHbIE TUCTOIDAMMBI B OJIUH JIJIMHHBIA MAaCCUB,
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TTOJIYIUB TEM CAMBIM JICCKPUIITOP — BEKTOP MPU3HAKOB, KOTOPBIi OTHCHI-
BaeT HEKOTOPbhIE XapaKTEePHbIE IPU3HAKHU n300pakeHus. VIMEHHO ¢ Taku-
MU [IPU3HAKAMHI, BMECTO caMuX n3o0parkeHuit, Oyjaer paboTrarh KJIacCh-
dukarop.

Pasbepem riaBayio ¢dynkmmio getVector mosydenunsi BeKTOpa IIO
n3obpaxkenuto. [Ipoxojisi JTBOWHBIM NHUKJIOM II0 CTPOKAM M CTOJIOIAM
n300paxkenust, (HGOpMUpyeM HEKHe KBAJIPATHBIE KJIETKH CO CTOPOHOM
pasmepom cellSize. [lasee mjisi KasKmoil KJIETKM BbI3bIBaeM (DyHKITHIO
getLocalHistogramm wu jonuceiBaeM MoJiydeHble 3HAYEHHUSI B KOHEIT
MacChBa, KOTOPBIH U OyJeT KOHeYHBIM BeKTOpoM. Ha 3ToMm omucanume
dyuknun getVector zakanamBaeM.

Puc. 8: Kaprunka B neppuunom Bu- Puc. 9: Kaprunka mocie obpabot-
Jie. KU.

Puc. 10: Kaprunka B mepsuunom Puc. 11: Ilpumenenme ropuson-
BHJIE. TajbHoro oneparopa Cobess.
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Puc. 12: Tlpumenenne Beprukanb- Puc. 13: Ilpumenenue omepartopa
Horo oneparopa Cobest. Cobeiist B 000X HAIIPABJIECHUSX.

Knaccudukanmusa n3odpakeHuii

AsropuTM ObLI IpoTecTUpPOBaH MeToaoM K Gimkaimux coceneil Ha
kapTuakax 96 ma 96 nmkceseit. Bouto 3amano 2 MHOXKECTBA CJIOHOB U
siommajeit, 1o 100 KapTUHOK U3 KazKJI0I'0 MHOXKECTBA.

Puc. 14: Jlomamnu. Puc. 15: Cnonsr.

B kagecTBe TecToBOro MHOXKECTBA ObLIM B3THI H0) KAPTUHOK U3 KaXK-
JIOr0 MHOXKecTBa. JJist KapTUHOK ¢ M300pakeHrneM KOHe ObLIO ITPaBU/Ib-
HO onpeiesieHo 70% KapTUHOK, st u300paykeHuii co cionamu — 63%.

Ha ocnoge asropurma 66110 pazpaborano WEB-npuioxkenue, 1eMon-
crpupyiolee uctosb3osanue ajropurma (puc. 2) [9]. Cyrp npuioxe-
HUsT — OIIpeJiesieHe KAaPTUHKH [10CJIe HeKOTOPBIX BoseiicTeuil (Cxkarue,
pacTsizKeHne, obpe3aHue Wil HaHeCeHue IIyMOB). B mpusioxkenue 3arpy-
JKaercsi 5 KaApTUHOK, OHU CYUTAIOTCH KJjaccaMu. Boibupaem OIHY Kap-
TUHKY, IIPOM3BOJMM HaJl Heji pasjmdHble olepanun (cxkarue, obpesaHue,
HaHeceHue JIMHUIA, Tekcra u T.J1.) [Tocse wero nosydentoe m3obpazkemne
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3arpyzkaercsd B npuiioxkenue. IIpusiokenue g0KHO OTHECTH UCKAXKEHHOE
n300pakKeHne K ero OPUrHHAIY.

10000 % | 1893 KB

Kaztest jpg

Puc. 16: 3arpyska m3006pazKeHusi.

3akJIrouyeHue

Tlo pesynbraram mpojeranuoii padborsl ObLIO peasm3oBano WEB-
MIPUIOYKEHNE, COCTOSIINE U3 3-X ITOACHCTEM.

IlepBas moacucrema — peasmsaiuss MFCC neckpunropa u KJaccu-
duKaImsa METOIOM ITAJIOHOB, KOTOPas MOKa3aJ1a XOPOIINe Pe3yJIbTAThl B
OIIPeJIeJIEHNN YKAHPA 3arPyKaeMOr0 MY3bIKAJIbHOrO daiia.

Bo BTOpOIT moacucTeMe OBLIN MCIONIB30BAHBI CTOPOHHNE OHOJIMOTEKN
Marsyas u WEKA, s mapamerpusaiiuu My3bIKaJbHBIX (hailjioB u ux
kytaccudukanuu. [logcncrema Obla MpoTecTHpoBaHa. BbLn Moy YeHHbBI
CJIE/IYIOIINE Pe3yJIbTaThl, IPUBEICHHbIE B TAOJINIIE.

Tabmuna 3: [lomydyenubie pe3yabTATHI.

Anropur™m Bepuno He Bepro  Yenex (%)
SVM 187 13 93.5
Random forest 183 17 91.5

BaitecoBcknii kiaccudukaTop 178 22 89
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Tperbst mogcucrema — peanuszarnus WEB-puno:kennst ¢ BO3MOXKHO-

CTBhIO 3arPY3KH UCKazKEHHOI'O H306pa}K€HI/IH n orpeaesieHusd ero OpuruHa-

JIa.

ITo uroram HpO,ZLeJIaHHOfI pa6OTbI BC€ IIOJACUCTEMBI ITPOTECTUPOBaHbI

Ha peaJIbHbIX JaHHBIX. Moo caesaTh 3aKJ/JII09YeHNe, YTO peaJIn30BaHHbIC

AJITOPUTMbI PDEMIAIOT ITOCTaBJICHHbIE 3a/a9U.
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Crmicok mrepaTypbl

Karasor mysbikaabHBIX Baiiyion
http: //marsyas.cs.uvic.ca/sound /genres/ .

Jluctunr: nepBuanas obpadborka wav-daition
http://tima.dvinemnauku.ru/frontend /web /index.php?r=site/
listing#wawParse.

Jlucrunr: cocraBiieHne BeKTOpa IPU3HAKOB 110 My3bIKaJIbHOMY (aii-
ay  http://tima.dvinemnauku.ru/frontend /web/index.php?r=site/
listing#mfcc.

Jlucrunr: Beibop merpukm http://tima.dvinemnauku.ru/frontend/
web /index.php?r=site/listing#chiSqr.

Jlucrunr: meros nenTpous http: //tima.dvinemnauku.ru/frontend/
web /index.php?r=site/listing#*centroid.

Mysbika — HojiydeHHble pe3y/abrarhl http://tima.dvinemnauku.ru/
frontend /web /index.php?r=music/index.

JIuctwar: nepBuaHas 00paboTKa M300parKeHns

http: //tima.dvinemnauku.ru/frontend /web /index.php?r=site/
listing#imageParse.

Jlucrunr: cocraBienne BeKTOpa NPU3HAKOB 10 n300paskennio http: //
tima.dvinemnauku.ru/frontend /web/index.php?r=site/listing#hog.
Knaccudukamus n3obpazkennit

http://tima.dvinemnauku.ru/frontend /web /index.php.

PacrosnaBanne pedeBBIX KOMamHJI C HCIOJIL30BAHUEM  CBEp-
TOYHBIX HEHPOHHBIX cereif http://edu.botik.ru/upload/
0cb3cff828c112050d3daebdfeeelace.pdf.



