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AHHOTAIUA

Ipenmet nccaexoBanmsi. Paccmorpena npobiema KiiacCH()UKALMN aKyCTHIECKNX COOBITHI, aKTUBHO MIPUMEHSIEMBIX
B peIIeHUsX 3aj1a4 0e30IacHOro ropoja, yMHOro gqoma, loT ycTpoHCTB, a TakKe IUisl IeTeKTHPOBAHUS OIMACHBIX
CUTyallMii Ha POU3BOACTBE. [Ipe/UIOKEHO pelleHHEe MOBBIIIEHHS TOYHOCTH KIacCU(PUKATOPOB 0e3 NM3MEHEHHS
HX CTPYKTYpPHI H cOOpa JOMONHUTEIBHBIX JaHHBIX. OCHOBHBIM HCTOYHMKOM JAHHBIX TSI SKCIIEPUMEHTOB BHIOpaH
oTkpbIThI Habop manHeIXx TUT Urban Acoustic Scenes 2018, Development Dataset. Metoa. [Ipennoxen cnocod
YBEIMYEHHSI TOYHOCTU KIaCCH(HKAIINU ayANOCOOBITHH ¢ MOMOIIbI0 Hcnonb3oBannst FN-koppekropa. FN-koppekTop
IIpe/ICTaBIIsIeT COOOM JIMHEIHBIIN KilaccuduKaTop ¥ paboTaeT B ABa dTama: peodpa3oBaHHUe IIPOCTPAHCTBA IIPU3HAKOB
B JINHEHHO-pa3eIMOoe IIPOCTPAHCTBO H JIMHEHHOE OT/eNICHNEe OJHOTO Kijlacca OT Apyroro. B ciaydae mpumeHeHHs
KOPPEKTOpa KJIacChl — THUIIBI OTBETOB MCXOJHOTO Kilaccudukaropa: mnoyoxurenasusiii (P), orpunarensusrii (N),
noxxHononoxutensHbiid (FP) u noxuoorpunarensslii (FN). B pesynsrare BO3MOXHO 00y4HUTB J1Ba THIIA KOPPEKTOPOB
FP u FN, xotopbie paboTatoT kak OMHAapHbIE JTHHEHHbIE KIacCH(UKATOPBI U Pa3/esIFOT OTBETHl Ha MOJOKHUTEIbHbIE/
JI0XKHOTIOJIOXKUTEIIbHBIE M OTPULIATEIbHbIE/IOKHOOTPHILIATENIBHBIE COOTBETCTBEHHO. BBINOIHEHBI SKCIIEPUMEHTHI, T/IE B
KayecTBe HCXOIHOTO KiaccH(hUKaTopa NCIOIB30BaHa CBepTouHas HeliporHas ceTh VGGish. AyaunocurHan npeodpazoBan
B CIIEKTPOTpaMMy U MepeiaH Ha BXOJ HEIPOHHON ceTH, KOTopast pOpMHpPYyeT IPHU3HAKOBOE ONMHCAHHNE CIEKTPOrpaMMBbI
1 IIPOU3BOMUT Kiaccu(uKanyio. OCHOBHBIE pe3yabTaThl. B kauecTBe mpuMepa JeMOHCTPAINH HOBBIMIECHHS TOYHOCTH
KJ1acCcH()UKAIIMK BHIOPAHbI JIBa «CIYTAaHHBIX» Kiacca. C MOMOIIBIO TIPU3HAKOBOTO ONHMCAHMS ayAHO3aIHCced dTHX
KJIacCOB MOCTpOEeH, 00yueH FN-KOppeKTop 1 nozKIoYeH K ucxoHoMy Kinaccudukaropy. OTBeT OT Kiiaccudukaropa, a
TaKXKe MPU3HAKOBOE ONMCAHUE NIEPENAHO HA BXOJ KOppekTopa. Jlasee KoppeKTop NepeBOAUT NPOCTPAHCTBO IPU3HAKOB
B HOBBIiT 6a3uc (B JIMHEHHO pa3ienuMoe MPOCTPAHCTBO) U KIaCCH(HUIUPYET OTBET KiIacCU(pUKATOpa, TAKUM 00pa3oM
«OTBEYaeT» Ha BONPOC, OMIKOAETCS M MCXOAHBIH KiIacCH(pUKATOP HA TAKOM BEKTOpE NMPU3HAKOB MM HeT. Eciu
HCXOAHBIH KnaccudukaTop ommoCs, TO ero OTBET U3MEHAETCSI KOPPEKTOPOM Ha MPOTHBOMONOKHEIH. Eciin HeT — oTBeT
OCTAETCs TEM JKE CaMbIM. Pe3ynbraThl SKCIIEpIMEHTOB IIPOAEMOHCTPUPOBAIN CHIKEHNE YPOBHS CITyTHIBAHHS KJIACCOB
1, COOTBETCTBEHHO, YBEIHMUYECHIE TOYHOCTH HCXOJHOTO KiIaccu(uKaropa 6e3 M3MEHEHHs ero CTPYKTYpHI 1 6e3 coopa
JIOTIOTHHUTEEHOTO Habopa naHHbIX. [IpakTHueckast 3HAYMMOCTD. [1oiTydeHHbIe pe3yIbTaThl MOTYT OBITh HCIIOIB30BAHBI
Ha ycrpoiictBax [oT, HMeronyx CynecTBEHHBIE OIPaHUYEHHs IO pa3Mepy MCIIONIb3yeMbIX MOJENeH, a TaKkKe Ipu
pelieHny npodiieM JOMEHHOH aJlanTaluy, akTyaJIbHOU B 33/1a4ax ayJAnOaHaInTHKY.
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Abstract

The paper deals with the problem of acoustic events classification which is actively applied to the problems of a safe city,
smart home, [oT devices, and for the detection of industrial accidence. A solution to improve the accuracy of classifiers
without changing their structure and collecting additional data is proposed. The main data source for the experiments
was the TUT Urban Acoustic Scenes 2018, Development Dataset. The paper presents the way to increase the accuracy
of audio event classification by using the FN-corrector. The FN-corrector is a linear two-stage classifier performing the
transformation of the feature space into a linearly separable space and the linear separation of one class from another.
If a corrector is applied, the responses of the original classifier generate four classes: positive (P), negative (N), false
positive (FP), and false negative (FN). As a result, it becomes possible to train two types of correctors: the FP-corrector
separating positive and false positive classifier responses, and the FN-corrector separating negative and false negative
classifier responses. In the experiments, the VGGish convolutional neural network was used as the initial classifier. The
audio signal is converted into a spectrogram and is fed to the input of the neural network which forms the spectrogram
feature description and performs a classification. As an example, two “confused” classes are selected to demonstrate the
increase in classification accuracy. Using the feature description of audio recordings of these classes, an FN-corrector was
built, trained and connected to the original classifier. The response from the classifier, as well as the feature description,
has been passed to the corrector input. Next, the corrector translated the feature space into a new basis (into a linearly
separable space) and classified the classifier answer responding to the question whether the original classifier makes
a mistake on such a feature vector or not. If the original classifier made a mistake, then his answer is changed by the
corrector to the opposite, otherwise the answer remains the same. The results of the experiments demonstrated a decrease
in the level of class confusion and, accordingly, an increase in the accuracy of the original classifier without changing
its structure and without collecting an additional data set. The results obtained can be used on IoT devices that have
significant limitations on the size of the models used, as well as in solving the problems of domain adaptation which is
relevant in audio analytics.

Keywords
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BBenenue

Pemenne 3aqaum KiaccuUKauy aKkyCTHIECKUX COOBI-
THH 3aKITI09aeTCs B ONPEICNICHHN COOBITHSI, KOTOPOE TIPOo-
HCXOIUT Ha aHaJIM3UpyeMoil aynuo3zanucu. s pemenus
JIAHHOM 3aJjaul IPUMEHSIOTCS HEMPOHHBIE CETH Pa3HbIX
ApXUTEKTYp C MCHOIB30BAHUEM PAa3HOOOPA3HBIX MpPU3HA-
KOBBIX IpeAcTaBiieHUui. [Ipu 3TOM npumeHsoTes 3anucu
CUTHaja OT Habopa aMIuiuTyn 10 Momudukanuii MFCC-
ko3¢ punuenros (Mel-Frequency Cepstral Coefficients,
MeJI-4aCTOTHBIE KEICTPaJbHble KOAPPUIIMEHTHI) U Tpe-
no6y4ennbix npuzHakoB (Openl3 [1] u i-vectors (BekTopa
MIPE/ICTaBIICHUS TOJIOCA YEJIOBEKa)), B CiIydae eciu Tpely-
eTCsl, KpOMe KJIaCCU(UKAINH, PEHINTh COMYTCTBYIOIIHC
3a71a4¥ CErMEHTAIIUU WJTH JIOKJIU3auu [2].

AKTyaJIbHOH 3ajaueil sBIseTCS YIy4dlleHUEe TOUHO-
CTH CYIIECTBYIOIIUX aJITOPUTMOB. PerymnspHbie KOHKYPCHI
110 yIAYYIIEHUIO TOYHOCTH MPH PA3INIHBIX YCIOBUSIX H
OTPaHMUYCHUAX aKTHBHO IHOAJEPKUBAIOTCA KaK aKaJeMH-
YECKUMH, TaK U UHLyCTPHAIBHBIMH HCCIICA0BATEIbCKUMHU

xkomanaamu!. Ienb HacTosAlEH PabOTHl — IMOJTyYEHHUE
croco0a MOBBIIICHNST TOYHOCTH KTacCH(UKAIIUN Ha CTa-
JIUH TIOCTIPOIIECCHHTA, YTO TIO3BOJIUT IPUMEHUTH JaHHBIN
crocob S MHUPOKOTro Kiiacca peuieHui. Ilpenmoxeno
ucnonb3oBatk FN-koppekTop (False Negative koppekrop,
T. €. KOPPEKTOP, UCIIPABIISIONIUI JIOKHOOTPHUIIATEIIbHBIC
omnOkn) [3, 4]. Moznens KoppeKTopa OCHOBaHA Ha HCIIONb-
30BaHHU KacKaTHOW PEIYKIIMH Pa3MEPHOCTH MIPU3HAKOB U
MIO3BOJISICT 32 JIMHEWHOE BPEMS CKOPPEKTHPOBATh ONIHO0Y-
HBIW OTBET KJaccupukaTopa.

Cnoco6 npuMeHeHHsI MeTOa KACKATHOI pegyKInu
K 3ajaue KjaaccupuKanuu ayiuoco0bITuil

MeTO)I KaCKa}IHOﬁ PECAYKIHNHU MMPOCTPAHCTBA IPU3HAKOB
3aKJIFOYACTCs B NOCJICA0BATCIIBHOM YMCHBIICHUU pa3sMep-

I Detection and Classification of Acoustic Scenes and Events.
[Onexrponnsiii pecype]. URL: https://dcase.community (nata
obpamenus: 24.06.2022).
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MpumeHeHne FN-koppekTopa ¢ Lesbio NoBbILLEHWS Ka4ecTBa knaccudukaLmm ayanocobbITuia

HOCTH Y NIpeoOpa3oBaHUH POCTPAHCTBA IPU3HAKOBBIX BEK-
TOpOB. B 3TOM ciydae He3aBHCUMO U Clly4yaiHO BBIOpaH-
HBIH BEKTOP OJIHOTO KJIacca OTAECNSETCS OT HE3aBHCUMO U
CITy4aifHO BEIOPAHHOTO BEKTOPA APYTOT0 KiIacca JIMHEHHBIM
JUCKPUMHUHAHTOM (HarpuMep, JTMHEHHBIM JTUCKPHUMUHAH-
toM ®Dummepa). B ocHoBe MeTona mpencTaBieHa MOJEIb
CHCTEMBI, CIOCOOHASI UCTIPABHUTH (CKOPPEKTHPOBATH) OTBE-
THI CYIIECTBYIOIIETO Kiaccudukaropa. [TpuHmm paboTs
CHCTEMBI 3aKIIFOYAeTCs B IIEpepa3MeTKe HCXOJHOTO Habopa
JAHHBIX C PAa3METKH «O0OBEKT, KIaccy Ha Pa3METKy «IIpHU-
3HAKOBOE ONHMCAHUE OOBEKTa, THII OTBETA KiacCH(UKATO-
pa». IIpu 3TOM Cr1ocOO MOCTPOSHHUSI BEKTOPOB IPU3HAKOB
HUKaK He (UKCUpYETCs U, ClIeIoBaTeNIbHO, KaYeCTBO pa-
0OTBI CUCTEMBI HAIPSIMYIO 3aBUCHT OT METOJIa MOTy4YCHHS
IIPU3HAKOBEIX BEKTOPOB. Pe3ynbrar Oyner TouHee, eciu:
6ompre nadopMany 00 00BEKTE COXPAHEHO B €TI0 BEKTOPE
TIPU3HAKOB, ¥ 00JIee BRIPAKEHHON KIIACTEPHON CTPYKTYpOI
00J1a/1at0T BEKTOpa B IIPOCTPAHCTBE MIPU3HAKOB.

B pabote mpezncrasieH crocod MPUMEHEHHUS CHCTEMBI
JUISL PEIICHNS 331a4 YITy4IIeHNUs] TOYHOCTH KIacCU(HKa-
uuu aynnocoOsITHid. [Tpr 3TOM BEIOpaHBI ClieayIomue yc-
JIOBHSA: B Ka9€CTBE 00BEKTA KIacCU(UKAIIMHA — MEJI-CIIeK-
Tporpamma ayauo3altcH; B Ka4eCTBE CII0C00a MOTyIEeHUS
BEKTOpa IPU3HAKOB — Ipe00yueHHast CBepTOYHAsI HEHPOH-
Hast ceth VGGish; B ka4ecTBE HCXOIHOTO KIIACCU(PHUKATO-
pa — mocienoBaTenbHO NojKIoYeHHbIe K cetn VGGish
TTOJTHOCBSI3HEBIN CJIO0H u ¢ci0i Softmax, BEIXOJI0M KOTOPOTO
SIBJISIETCS pacIpe/iefieHne BepOSITHOCTEN ITPUHAIICKHOCTH
CIIEKTPOrpaMMBbl Ka)XKJJOMY M3 KIaCCOB.

[Ipennaraemslii coco0 yirydIIeHUss TOYHOCTH UCXOI-
HOTO KJIacCH(HKATOpa MPEATIONIAraeT CICAYIONIHE Iary.

IIar 1. Beigenenue ki1accoB, Ha KOTOPBIX MCXOJHBII
KJIacCH(UKATOP JOMyCKaeT OMINOKH, M OTIpEeICHIE THIIA
9THX OIMHMOOK C TIOMOIIBIO TPEHUPOBOYHOTO Habopa JdaH-
HBIX.

lar 2. [TocTpoeHue CrieKTpOrpaMMbl U BEKTOpa HPH-
3HAKOB KaK/I0H ayJMO03aIrlucy U3 TPEHHPOBOYHOTO Habopa
JIaHHBIX.

[ar 3. Ber6op tuna ommoOKu, KOTOPYIO Mpe/Ioiaraet-
cst ucnipaButh (FN mm FP) u nanpHelimas nepepa3meTka
TPEHUPOBOYHOTO HAOOPA JTAHHBIX.

[ar 4. [Ipeobpa3oBaHue MpOCTPaHCTBA MPU3HAKOB
METOIIOM KAaCKaTHOW peIyKIMY TaKUM 00pa3oM, 9TOOBI OT-
JIETINTH T€ BEKTOPA MPU3HAKOB, HA KOTOPBIX KJIACCH(UKATOP
nomyckaet ook (FN ommbkm), OT TeX, Ha KOTOPBIX HE
JIOITyCKaeT (T. €. MPpaBUIbHBIC OTPUIATEIbHBIC OTBETHI, N).

[lar 5. O6y4enue nuHeitHOrO NUcKpuMruHaHTa Ouinepa
JUISl IPOBE/ICHHsT OMHAPHON KilaccH(UKalMy B IOCTPOCH-
HoMm Ha lllare 4 mpocTpaHcTBe.

IIar 6. [MogkatoueHue MONyYEHHON CUCTEMBI KOPPEK-
LIUM K BBIXO/Y MCXOJHOTO Kiaccudukaropa.

[Tar 7. TIpoBeneHue nporuecca UCIpPaBICHHS OTBETA
HCXOJHOTO KJIACCU(UKATOPA: €CIH CHCTEMa KOPPEKIUH
OTHECIIa BEKTOP MPHU3HAKOB K KJIACCY OIIMOOYHBIX OTBE-
TOB, TO NCXOJHBIH OTBET KOPPEKTOpA HCIIPABIIETCS Ha
MIPOTHBOIIONIOKHBIN. Eciy K Kitaccy mpaBHIIbHBIX, TO OTBET
OCTaeTCsl TEM JKE CaMbIM.

Vcronp30BaHme IPeUI0KEHHOTO CII0C00a UCTIPaBICHUS
OTBETOB MCXOJIHOI'O Kiaccudukaropa, B yacTHocTH — FN-
KOPPEKTOpa U CBEPTOYHOI HEHPOHHOU CETHU B KA4ECTBE
croco0a IMoJy4eHHs: BEKTOPOB NMPHU3HAKOB, ITOKA3aJI0 3Ha-

YUMBIH MPUPOCT TOUHOCTH B 33/1a4e KJIacCUPUKAIMN aKy-
CTHYECKUX COOBITHI.

IpakTuyeckas peaju3zaums cnocoda yBeJuyeHust
TOYHOCTH KJIaccuPUKALMU ayIH0COOBITHIH
¢ noMoubI0 ucnoJib3oBanusi FN-koppekropa

Bri6epem Habop nanubix TUT Urban Acoustic Scenes
2018!, comepskaruuii 10 KI1acCOB aKyCTHUECKUX COOBITHIA:
as3ponopm, mop206blll YeHmp, CIMaHyus Mempo, neuie-
X0OHbIll nepexo0, 20poocKas NA0Wadb, 20pOOCKAs Yiil-
ya, noezoka ¢ mpameae, Noe30Ka 6 agmoodyce, NOe30Kd 8
Mempo u 2opodckoil napk. Becs Habop coctout u3 8640
3amMceil aKyCTUYeCKUX COOBITHH, Kaxaast U3 KOTOPBIX
MPUHAUIC)KUT OJHOMY M3 KJIACCOB (3aKphITas 3a7ada).
Kaxxnprit kmacc umeer 864 aynnosammceit. CymmapHas
JUIMTENILHOCTD 3aIuceil coctasiseT 24 Jaca. 3amada dKc-
TMEPUMEHTA — COIMOCTABUTH KAXKIYIO ayJIn03aIliucCh U3 Ha-
06opa cooTBeTCTBYIOMIEMY Kiaccy. Kakaas 3amuch MoxeT
1 JIOJDKHA TIPUHAJICKATh TOIBKO OJIHOMY KJIAccy.

IMoaroroBka aynnozanuceii. /1 yckopeHus: o0yueHust
HEWPOHHBIX CETH U MOBBIIICHHS €€ TOYHOCTH ay/TH03aITNCh
paszbura Ha orpe3ku 1o 100 Mc, Kaxk10My M3 KOTOPBIX
NIPUCBOEH KJ1acc aynuo3aric. Kaxnas aynmnosanics nmeer
JIBa KaHaJa (C IpaBoTo M JICBOTO MUKPO(OHOB) C YACTOTOM
muckperuszanun 16 k' u pa3psgHOCTRIO 16 OUT. B Ha-
cTosiIei paboTe NCIOIH30BAaH METOJ] aHAJIOTO-IIN(POBBIX
npeobpazosareneir — PCM 16 (Pulse Code Modulation),
a TaK)Ke CTaHAAPT KBAHTOBAHUS CUTHAJIA 110 YPOBHIO, B
JIAHHOM CJly4ae YPOBEHb CHUTHaja Kogupyercs 16 Out-
HBIM 3HaueHreM. OO0Iast cxeMa MMOJrOTOBKH ayHo3auceit
npejcTaBieHa Ha puc. 1.

IMocTpoenne NpuU3HAKOBOTO ONMHUCAHUS ayIHO3a-
nuceii. [lepen pacuerom MpU3HAKOBOTO ONHMCAHUS CTe-
peo3anuch JEIUTCS Ha ABa KaHalla, IIPU 3TOM KaXKIbIH
oOpabarbiBaeTcsl OTACNBHO. [l ymydmeHus: KauecTna
KJ1accu(pUKauy U3 MOHOKaHaJIa BBIJICIISIIOTCS elle JBa
KaHaJjla — TapMOHWYECKHH U MEPKYCCUBHBIHN, HCIOIB3YS
qurs atoro anmroputM HPSS (Harmonic-Percussive Sound
Separation) [5]. Takum o6pa3oM, IByXKaHAIbHAS ayIHO-
3aMKCh IPeoOpa3oBaHa B UEThIPE MOHOKAHAIBHbIC 3aITUCH.

B kadecTtBe criocoba npe/icTaBiIeHHs ayAn03anrcei Bbl-
OpaHbl MeJI-CIIEKTPOrPaMMBbI CO CIEIYIOIIUMH MapameTpa-
MH: pazMmep okHa npeoOpazoBanus Pypose 100 mc; mHa
HanoxeHust 20 MC; KOJIM4eCTBO OAHKOB MEN-4aCTOTHBIX
¢uneTpoB 128.

IMoaroroBka u 06y4yenne HeilipoHHOIi ceTn. Brioepem
CBEPTOUHYIO HEHPOHHYIO CETh ¢ 4-KaHAJIbHBIM BXOJIOM
Ha ocHOBe apxuTektypsl VGGish. Kaxnaprii kanan cdop-
MHpYEM IyTEM MOCTPOCHHS CIECAYIOMINX CIIEKTPOTPAMM:
MEI-CIIEKTPOrPaMMBI JIEBOTO M TIPABOTO AYJHOKAHAIOB, a
TakKe MPUMEHEHNe (HUIBTPa-TapMOHUKA U (IIBTpa-Tep-
KyCCHH K YCPEJHECHHOM! 110 KaHaJIaM MeJI-CIIEKTpOorpaMMe.
Jlanee ko BceM KaHaaM MPUMEHUM Habop GUIBTPOB-CcBEp-
TOK, COCTaBHB TaKUM 00pa3oM KapThl MPU3HAKOB, KOTOPbIE
«pa3BOPaYMBAIOTCS» B OJHOMEPHBIH BEKTOP M MOAAIOTCS
Ha BXOJI TIOJIHOCBSI3HOMY BBIXOJIHOMY ciioto. Ha Beixoze

L TUT Urban Acoustic Scenes 2018, Development Dataset
[Dnexrponnsiii pecype]. Pexum nocryma: https://zenodo.org/
record/1228142 (nara obpamenus: 11.07.2022).
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«Pa3peaaHI/Ie» ayino3arimcu ¢ «HaxJIeCTOM»

H3MeHeHne 4acTOThI
JUCKPETU3AIMHA U OUTHOCTH

OTtpe3ku
ay/M03aInCcH
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16 our >
(PCM 16)
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Puc. 1. IlogroroBka ayauosanuceit

Fig. 1. Audio record preprocessing

HEWPOHHOU CETH yCTaHOBHUM ciioil Softmax, HacTpoeH-
Helid Ha 10 kmaccoB. Takum 06pa3zoM, OTBETOM 00ydIEeHHOMN
HEHpOHHOM ceTn OyaeT pacipereneHue BEPOSITHOCTH MPH-
HaJUIe)KHOCTH ayJIMO3aIUCH KaKA0MY 13 KiaccoB. Oomias
apXHUTEKTypa UCIOJIB3yeMON CEeTH MpeACTaBIeHa Ha puc. 2.

OOyyeHne HEHPOHHOW CETH BBITOJIHUM METOJIOM 00-
paTHOTO paclpoCTpaHEeHUs] OMIMOKH C UCIIOIB30BAHUEM
CTOXaCTUYECKOTO IPaJIMEHTHOTO CITyCKa, a TAK)KEe MOMEHTa
Hecreposa [6] s yckopeHus 00y9YeHUs U IPEIOTBpaIie-
Hust iepeoOyyenust. Llar oOyaenns cocrasmn 0,01, pazmep
Oarda — 128. Pe3ynbrarser paboThl 00y4ICHHOW HEUPOHHOM
CEeTH Ha TECTOBOM HaOOpE TaHHBIX IIPE/ICTABIICHBI Ha pHC. 3
u B Tadm. 1.

W3 momy4eHHBIX TaHHBIX BUIHO, YTO KJIACCHI «10e30-
Ka 6 mpameae» N «noe3oka 6 agmobyce» PaclO3HAIOTCS
HEJIOCTATOYHO XOPOIIIO, TaK KaK «CIyTaroTCs» APYT C APY-
roM. PemmTh TaHHy10 Mpo0eMy MpeoKeHo ¢ TOMOIIBIO
MOJKITIOYEHHsI KOPPEKTOPOB K TeM KJlaccaM, Ha KOTOPBIX
ounOaeTcst MOJEIb.

IIpumMeHeHHe KOPPEKTOPA OLINGOK

Jlist ycTpaHeHHs IpOOJIeMBbl «CITyThIBAHUS) KIACCOB
IPUMEHUM TUI Koppekropa — FN, KOTOpBI ucpaBUT
JIOKHOOTpHIIATENbHbIE cpadaThiBaHMs Kiaccupukaropa.
YToObI MOCTPOUTH TAKOW KOPPEKTOP, B MIEPBYIO OYCPEIh
Heo0X0anMOo npeoOpa3oBark 00yUaroni HabOp JTaHHbIX.
Jast aToro otOepeM Bce mpuMepsl B HaOope, KOTOpbIe CO-
OTBETCTBYIOT HEOOXOIMMOMY KJ1accy. Paccmorpum ciryuait
«CIYTBIBAaHUS» KJIACCOB «10oe30Ka 6 mpameae» H «noe3oka
6 agmobyce», IpN 3TOM KJIacCU(UKaTop nMeeT OObIIoe

JleBbIit
KaHaj

IIpaBbrit
KaHaJ

—>

—

T'apmonuka

—| Ilepkyccus

Tabruya 1. KauecTBo Kinaccuukanny 00y4eHHOH MOIETH st
KaXIO0r0 Kiacca

Table 1. Model precision and recall

Kiace TowHOCTH [TonnoTa
Absporopt 0,8624 0,8704
Toproselii LeHTp 0,8876 0,9502
CraHuus MeTpo 0,9197 0,9803
[lemexonuplii nepexoxn 0,9624 0,6798
Topoackas miomaas 0,7879 0,8299
Toponckas ymuma 0,6450 0,7697
IToesnka B TpamBae 0,7063 0,5706
Iloe3nka B aBTOOYCE 0,6272 0,7303
IToesnka B MeTpo 0,9140 0,9097
T'oponckoii mapk 0,9963 0,9306

Cpenmstist HeB3BemenHas ToqHocTs (UAP): 0,8309
Cpenmsst HeB3BemenHas nonaora (UAR): 0,8221

KoJIM4ecTBO JoxkHOOTpuuareiabHbix (FN) cpabarsiBanuii
Ha KJ1acce «noe3oka 6 mpameaey. J{is MoAroTOBKU JaHHBIX
HEOOXOIMMO BBINOIHHUTE CIIEIYIOIIUE IIArH.

[ar 1. OToOpatk U3 TECTOBOTO HAOOpa JaHHBIX BCE
NPUMEPBI, COOTBETCTBYIOIIUE KJIACCY «HOE30KA 8 mpam-
saey.

[Mar 2. [IpumeHuTs 0O0yUYCHHBIH KiIaccU(UKATOP
(B TaHHOMY Cilyuae — HEMpOHHAs CeTh) JUIsl KilacCU(HKa-
1uu npumMepoB u3 Illara 1.

I’
Braox ceeprok (32)
T
Maxkc-mynuHr (4 x 4) IlonHocBsA3HBIH ci0i
(1024)
BxoaHOH Bnok CBEPTOK (64) Softmax (10)
cioi 1 |[H

- Maxkc-mynuHr (4 x 4) l
Brok ceeprox (128) ‘ Bexrop BepOHTHOCTefI‘
Makxkc-mymuHr (4 x 4)

|

Puc. 2. O01as apxuTeKkTypa HeHpOHHOH ceTn

Fig. 2. Audio classification pipeline
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Puc. 3. Pe3ynbrarsl kiaccuukanuu 00y4eHHONH MOJICIH B BUIC MATPHUIIBI CITy ThIBAHHS
Fig. 3. Classification confusion matrix
[ar 3. Ha ocHOBe OTBETOB KiIacCH(PUKaTOpa COCTaBUTH
Habop MaHHBIX BUJA {NpU3HAKOB8Oe ONUcCAHue npumepd, Tabnuya 2. KauecTBo kiaccudukanny 00y4eHHOH MOJIEITH ISt
omeem}, TIE omeemom SBISIETCS 1, €CITH OTBET TPABUIIb- KaykJI0To Kjacca nocie npumenenus FN-koppekropa
HbIH, 1 0, €CITM OTBET HEMPABHIIBHBIN, T. €. KIaCCH(pUKATOP Table 2. Classification quality of the trained model for each
«CITyTa» AAHHBIN KJIacc ¢ APYTUM. class after application of the corrector
Cxema nipeobpa3oBaHusl HAOOpa TaHHBIX JJIS KOPPEK-
peobp pa 1 8 pp Kitace Tounocts ITonnora
TOpa, PAaCCMATPUBAEMOTO B DKCIIEPUMEHTE, IPUBEICHA Ha
puc. 4. Anpomopr 0,8664 0,8704
O6yunm FN-koppekTop, kak omnucaHo B padote [7]. ToproBelii eHTp 0,8876 0,9502
B pesynbrare noctpouM CUCTEMY MCIIPABICHUS OTBETA HA Craumus MeTpo 0.9197 0,9803
KIIacce «noezoka ¢ mpameaey (puc. 5). - — " 0
[ocne npumenenus FN-koppekropa K BBIXOTY Kilac- CHICXOMHBIH TEPEXON 0,96 6798
cuduKaropa MojydynuM pe3yJbTaTsl, IPEJCTABICHHBIC Ha Topozckast momags 0,7879 0,3299
puc. 6 u B Ta0mI. 2. Toposckas yaura 0,6450 0,7697
B pesynbrare npumenenus: FN-koppekTopa Koin4aecTBo
pesy. P pp p IToesnxa B TpamBae 0,7853 0,7042
MIPABIJIBHO PACIIO3HAHHBIX OOBEKTOB KJIacca «10e30Kd 6
mpameaey ynyuumiochk ¢ 493 (puc. 3) no 750 (puc. 6). Toesika B aBrodyce 0,6614 0,7303
Tak kak KaaccupuKarop He ObLT JOMOTHUTEIEHO H3MEHEH TMoe3aka B METPO 0,9140 0,9097
1 00Y4eH, TO MOJYUYCHHBIN PE3yJIbTAT TOBOPHUT O TOM, YTO Topozckoii mapk 0,9963 0,9306
FN-KOppeKTOp yCHELHO peLnI IOCTABICHHY0 3a1a4y. [1o
Cpennee 0,8426 0,8355
UTOTaM JKCIEepUMEHTA (Tal. 2) BUIHO YBEIHUCHHUE TOY-
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Fig. 5. Classification-correction pipeline
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Puc. 6. Marpuna cmemmBanus nocie npumenenust FN koppexropa

Fig. 6. Classification-correction of the model confusion matrix

HOCTH Kiaccudukaropa 10 0,8426 u momHOTH 110 0,8355
(3HAYMMOCTH PE3YIBTATOB IMOATBEPKIACTCS MPOBEPKOI
METOJIOM KPOCC-BAIMAALNH T10 4 TPYIIIaM).

3akJjoueHne

B pabote npejcrasieH u onucaH cnocod UCI0JIb30Ba-
HUSI METOJIa KaCKaIHOW PEyKIIMU POCTPaHCTBA IIPH3HA-
KOB IIPU PEIICHUN 33/1a4¥ KJIACCU(PHKAIINH aKyCTHYESCKUX
COOBITHI C TOMOIIBIO OCTPOCHUSI CUCTEMBI KOPPEKIINN
OTBETOB Kiaccudukaropa. [IponeMoHcTprpOBaHO CTATH-
CTUYECKH 3HAYMMOE YBEINUCHNE TOYHOCTH KJIACCH(DUKATO-
pa TpH UCTIONIB30BaHUH OITCAHHOTO CII0C00a JUIS PEIICHNS
334K KJ1acCU(PUKaLuK aKyCTUIECKUX COOBITHIA. Brinenen
KJIaCC, KOTOPBIH KilacCH(UKATOP pacrio3HaET HEOCTATOYHO

XOPOIIIO (CITyTHIBACT» €ro ¢ JPYTUM KIIACCOM), U Ha JaH-
HOM KJiacce ObuT 00y4eH u npumeHeH FN-koppekTop. B pe-
3yIbTaTe SKCICPUMEHTA MTOKA3aHO YIyUIIeHHEe TOYHOCTH
knaccudukaropa ¢ 0,8308 mo 0,8426 u monHOTEH ¢ 0,8221
1m0 0,8355 (3HAYMMOCTH pe3yIbTAaTOB MOATBEPIKIACTCS
MIPOBEPKOI METOIOM KpPOCC-BaTUAAINH IO 4 TpyIIaMm).
[IpeuMyIiecTBO OMMCAHHOTO CIIOCO0a — BO3MOXKHOCTH
NPUMEHEHHS B Ka4eCTBE I0CTOOPaOOTKM U MCIIOIb30BAHUE
COBMECTHO CO MHOTMMU CYIIECTBYIOIIUMU apXUTEKTypa-
MU KJaccupukaropos. /lpyroe nmoreHnuaibHOE IPEeUMy-
IIECTBO — BO3MOKHOCTB CO3/IaHHsI MOJIENIN HEOOJIBIIOrO0
pa3Mepa, UCIONIb3YIONIeH JaHHBIH CII0C00, YTO Ba)KHO
JUTSE 3a71ad 00pabOTKH 3ByKa Ha YCTPOHCTBAX, HAIPUMEDP
[oT. B manpHEHWmMUX paboTaxX IUTAHUPYETCS UCCIIEI0BATh
BO3MOYKHOCTH 3314 00paboTKu 3ByKa Ha ycTporicTax [oT.
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