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1 Ewaywyn

To InToUHEVO TNG epyaciag sivatl n avamTuén eVvog LOVTEAOU UNXAVIKNC LABnong To orolo, mapE-
Xovtag éva apxeio nyxou, Ba pmopel va Eexwpioel avapeoa ota KOUUATIO TOU XPOVOU TIOU TIEPLEXOUV
oluAia (speech) kat pouoikn (music), 6nwg tapovotalstat otov Staywviopo MIREX 2018:Music and/or
Speech Detection 1. H epyacia emikevTpwveTal oTnv eUPEOT] TWV SELYLLATWY TTOU TTEPLEXOLV €iTE OUALA
€lTE HOUOIKN Kal oMV Ta&lvounaor) Tou..

Mpokettal ya éva duadikd mPoBANUa TA&lVOUNONG TTOU Eival ONUAVTIKO KABWG EXEL EPAPUOYES
O€ TIAATPOPHES KOWVWVIKWY SIKTUWYV YLd TNV aAVAyVWPLOT] TIEPLEXOMEVOU UE TIVEUUATIKA SIKALWLLATA,
0€ CUOTUATA AUTOUATNG avayvwplong dtapnuioswy, povtépva "eEunva” BondOntika akong k.a. H
npoapatn BBAoypapia meplExel Bepatoloyia 0mou oToxeVEl £ite otV avattuén aiyopifuwy ya
ypNyopn Kal ¢Onvr) UMTOAOYLOTIKA TAgLVOUNON, €(TE OTNV avayvwpLoT TOAU Peyaing akpifelag. Auto
SLOTL AUTN TN OTLYHUY) 1] AVAYVWPLOY) UE TIOCOOTO ETITUXIACS YUPW 0To 98% cival KaTL cuvnOLopévo.

2 [1ponyoUMEVEG UAOTIONOELG

Yriapxel TAnBwpa BBAloypapiag oxeTikn e To B€ua. Exouv BpeBei 11dN apkeTEG AUTELS, EVW OLTTLO
IPOCPATEG TIETUXAIVOUV a&lOONMEIWTA AITOTEAECUATA TOCO OOWV APOPA TNV TaxUTNTA Tou Slaxw-
PLOLOU 000 Kal TNV akpiBela Twv artoTeEAEOTUATWY. Kartoleg amo Ti¢ dnooleVUTELG Ol OTTOIEG APpOopPoUV
TO OUYKEKPIUEVO BEUa, KAOWCE KAl T ATTOTEAECUATA TOUG TapouctalovTal MapakaTw.

>to [1] ol cuyypaWeig XpNOOTooUV Ta €)¢ XapaKTNPLOTIKA (features):

1. Alapdppwon evépyelag ota 4Hz tou onuatog (4Hz modulation)
2. Alauop@won evtportiag Tou onuatog (entropy modulation)

3. AplBUOC TWV OTATIKWY TUNUATWY

4. AlGpKELd TWV TUNUATWY

MapampnBnke MelpApATIKA OTL TA TTPWTA 3 XAPAKINPLOTIKA divouv EExwploTd mepimou To 6o
TTOO0OTO ETITUXWV TAEIVOUNOEWV (Tiepimou 84%) evw n Mmayleolavn mpoogyyLon yla To Xapaktmpl-
OTIKO SlapKelag TUNUATWY £8wae Aiyo XaunAdtepo mocoaTo (76.1%).

Ma va av&nBel To TOCOOTO TWV CUVOMKWY ETIITUXWY TAEIVOUOEWY TIPOTABNKE €VAG LEPAPXIKOG
AAYOPLOBUOG TAELVOLNONG OTOV OTTOI0 TA XAPAKINPLOTIKA SIAUOPPWONG EVEPYELAS TOU OTMATOG oTd
4Hz kat SLapopPWoNG EVIPOTIAG TOU OTUATOG GUYXWVEUOVTAL. X € TIEPUTTWOT TToU ol 2 TAEVOUNTEG
OUUPWVOUV artoPaacifouV yld TO AV TO TUNUA ArtoTEAEL oA la 1) OXL, EVW O€ TIEPUITTWOT TTOU SEV CUU-
(PWVOULV, N ArtO@AcT) OPLOTIKOTIOLEITAL ATTO TO XAPAKTINPLOTIKO TOU aplOuoU TUNUATWY. ArtodelkvUeTal
OTL TA AImoTeEAEoMATA AUTOU Tou aiyopiBuou divouv 90.1% cwoTEC TAEIVOUNOELG.

>to [2] To mpoBANUa mou S0ONKE AVTIMETWITIETAL WG 2 UTTOTPORANMATA: TO TPOPANUA EVTO-
TUOMOU SELYUATWY KAl TO TIPOBANUA KATNYOPLOTIOINOTG TOuG. a ToV EVTOTIIOMO SELYUATWY HOUOL-
KNG/PWVNG EQApPoOaTnKe o akyoplOpog Random Forest o€ 2 eKSOXEG TOU: TNV MTPWTN, EQAPUOCTNKE
padi pe €vav Silence detection akyoplOpo evw ot devtepn Baciotnke LdVo oTIC TANPOYOPIES OUOLO-
vévelag (self similarity matrix) kat otnv Asttoupyia tou idlou tou ta&vountr. Emtiong, yia v tadwvo-
MNon TPOTABNKAY 2 EVAANAKTIKEG: OTNV TIPWTN XPNOLLOTTOIMONKE €va TTPO-EKTTALOEUUEVO LOVTENO
EVW OTNV 6eUTEPN N eKMTaidevom yiveTal KATd TV agloAOYNOoN TWV SEYUATWV.

Xpnowonomenkayv Ta XapakinpeLlotika (features):

RMS evépyela

ZCR (Zero-Crossing Rate)

Spectral rolloff (Zuxvotnta Amokonmg)

Spectral flux (Paopatikn Pon)

Spectral flatness (QPacpatikn Enutedémta)

Spectral flatness per Band (Qacuatikr Enuteddtnta avad cuxvoTIKEG OUASEC)

A o

IMIREX - 2018:Music and/or Speech Detection, last accessed: 19 lavouapiou 2019



https://www.music-ir.org/mirex/wiki/2018:Music_and/or_Speech_Detection
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7. MFCCs (Mel Frequency Cepstral Coefficients)

‘Eywe avadluon KUplwv cuviotwowV (Principal component analysis ) PCA) pe atoxo va petwbouv ot
SlaoTACELC TWV SLAVUOUATWY XapaKTNPLoTIKwV (feature vectors). Anuioupyndnkav ot miVakeg opoLo-
™NTag uTtoAoYI{oVTaG TNV EUKAELSEL amOoTAoT METAEY TWV SELYUATWY X0V £TOL WOTE VA XWPLOTOUV
TA TMAMATA. YT CUVEXELA TA TUALATO AUTA KATNYOPLOTIOLOUVTAL EVW TAUTOXPOVA EQAPUOLETAL O aA-
Yop1Bpog Silence Detection kat ta dsiypata avutd npootifevtal ota mponyoupeva. la to mpopAnuUa
NG KATNyopLomoinong xprnolloroleital o idlog akyopiOpog Random Forest yia v taivounon oe
emninedo (frame) TUNUATWY NXoU. Epooov yia Kabe apxeio 1xou éxouv eEaxOel Ta TAPATTAVW XAPAKTN-
PLOTIKA, KABE TUNUa 1)Xou Ta&lvoueital atny KAAom mtou ano@acileTal Kat EMelta OAOKANPO TO apxeio
Ta&voueital otV KAAom oV omnoia tTaglvournkav ta TUNHATA ToU KAaTa rtAsiodngpia.

>to [3] mpoteivetal nwg ta features PMOPEL va PNV KAAUTTTOUV XAPAKTNPLOTIKA KAl TNG PWVNG
Kal TNG MOUOCIKNAG, aAAd va BacilovTal KUpiwg o€ XapaKINPLoTIKA EVOG arto ta duo. Evélagpépov mna-
poualalouV TA XAPAKTNPLOTIKA TNG OMALAG, TA OTToia AOYW TWV UECWYV TTOU TNV TTAPAyouV (ta Xeiln,
N YAWOOO Kal Ol (PWVNTIKEG XOPOEG) €XouV Blaitepa yvwplopata. H HEAETN QUTWY TWV XapaktnpL-
OTIKWYV Kal N Xpron Toug wq features oe €vav classifier amodeikvieTal nwg pmopel va avénaoest v
grTuyia Tou dlaxwplopou.

EvdelkTika, mépa arno 1o kabiepwpevo feature Twv 4Hz modulation energy, Aoyw Tou puBuoU Twv
oUAAABwWY, kartola aAAa speech specific features Baciovtal oTnv avayvwplom Tou 10U TToU TTAapAaye-
TAL OTIG PWVNTIKEG XOPOEG KATA TNV EVAAAAYT] TNG TTPOPOPAG EVOG CUMPLIVOU € VA (PWVNEV 1] OTNV
MEAETN TNC AUTOCUOXETNONG TOU ONUATOG META armo gpAtpaplopa (Zero Frequency Filtered Signal)
OMoU e@aviovtal CUYKEKPIEVA XAPAKTNPLOTIKA LOVO 0TV OUALa.

Mépa amd v erhoyn twv features, n UEB0SOG ekmaideuoN EXEL LEYAAT ETTITTWON OTNV TEAIKT
QUITOTEAECUATIKOTNTA TOU aAyopiBpou. Meplkeg (popEg Xprion oLVOeTWY PeBOdwV ekmaidsuong po-
POUV VA ETPEPOUV KANUTEPA QITOTEAECLATA OE UEYAAUTEPO TTOCOOTO SLOTL ETITPENOUV TNV €£060
QIO TOTTIKA eAaxloTa. H aUvBeTeg pEBoSOL Umopel va unv eival cupBaTikeg 1) kat va daveidovtal amo
TAPATNPNOELG TNG PUONG, OTIWS 0 cUVOUACUOG evog Support Vector Machine (SVM) ue tov Cuckoo
Algorithm [4].'Ornou, 6nwg To TTOUAL KOUKOG TTOU YEVVAEL TA AUYA TOU O€ EEVEG PWALEG, OTIG ETTAVOAY)-
Pelg ekmaidevong tou SVM kartoleg AUCELS TTETIOUVTAL KAl avTikadiotavTal amod VEEG oL OTToleg Umopeil
Va ETPEPOUV KAAUTEPA QITOTEAECUATA.

>T1o [5] ol cuyypa®eig xpnotuomnolovy ta features:

MFCCs (Mel Frequency Cepstral Coefficients)
ZCR (Zero-Crossing Rate)

SC (Spectral Centroid)

SR (Spectral Rolloff)

SF (Specral Flux)

nhobpe

Ta xapakmplotikd MFCC, ZCR kat SF ta&ivopouv pe accuracy 20% 1o kaBéva. To feature SR ue
83%, evw 10 SC pe 70%. O ouvduaouog OAwy twv features metuyaivel 93.5% cwotr tagivounon, evw
LE XpNon evog SVM HoVTEAOU TO TTOCOOTO PTAVEL OTO 95.68%.

Mapatnpeital 0T N owoTh TA&IVOUN o™ TNS LOUCIKNG Elval apKETA SUCKOAOTEPN (Ue auTd Ta features)
O€ OX€0T HE aUTY) TNG OAIAG. JUYKEKPLUEVA 0NV OfAla erituyxavetat (ue to SVM) accuracy 98.25%
EVW 0N Houolkn 93.1%.

TéNOC, oUUPWVA HE TO [6], OE EPAPUOYEG KATNYOPLOTIONONG OTT0U beV eMIBANAETAL 1] AstTOUPYia
O€ TIPAYMATIKO XPOVo, N Xpnom energy features sival emBuuntn Aoyo g HEYAANG akpifelag toug.
YUYKeKplEva N avaditnon tg Minimum Energy Density deixvel va umepéxel amd aAAeg pebodoug
energy features Kat 0TnV AmTOTEAECUATIKOTNTA TNE, KAL GTNV ATAOTTA TOU UTTOAOYLOHOU TNG. X€ GUV-
SUACUO UE TO XAPAKINPLOTIKO TNG SLapopdag eVEPYELAG OoTA SLAPOPA KAVAALA (LAG TTOAUKAVAANG €L-
06dou, ato [6] métuxav akpifeta 100% ota KOUUATIA ELOOSOU OTTOU TTEPLEIXAV LOVO LLIOUGCLKT 1] (PWVT)
Kal OxL Tov ouvduaopo Toug (OMwG oTIC PASIOPWVIKESG SLATIUNOELS).




Texvohoyia 'Hyou kat Eikovag 2018 o

3 Epyaleia mou xpnoonomOnkav

H uvlomoinon avamntuxbnke ot yYA\wooa Python 3 kal xpnouonowmdnke mAnbwpa BBAL0ONKWY
(modules) 6mwg N essentia yla tnv g§aywyr] XapaKINPLOTIKWY, 1 scikit-learn ywa v npoemneiepyacia
SedoPEVWY Kal TNV eKTTAISELON TWV HOVTEAWY, 1 seaborn yla v dnuioupyia dlaypapdTwy Katl tThv
OTTTIKOTIOM O TWV XAPAKTNPLOTIKWYV. MapdAAnAa, o€ ocuvdUAOHO e OAEG AUTEG XPNOLLLOTIONONnKay
Kal AAAEG BBALOONKEG OMTWGE N numpy, N pandas, n matplotlib, n multiprocessing, n os, n pyaudio kat
aAAec. [a v ekrtaideuvon, dokydotnkav ta povteha SVM, Decision Trees, Multilayer Perceptron,
Naive Bayes kat Random Forest, Aemtopépleg yia ta omnoia Ba avagepBOolv ota enOpeVaA KEQAAALA.

To dataset mou xpnotonomenke yla tnv ekmaidevon Tou HovTENOU ival To mpotelvopevo GTZAN
dataset 2, To omoio amoteleitan amd 128 apxeia Sidpkelag 30 Ssuteporéntwy. Kabe khaom (pou-
OLKY)/(wVvT)) anoteleital anmo 64 apxeia evw Sev UNMTAPXOUV APXELA TTOU Va TIEPLEXOUV Kal TIG SU0 KAA-
oelg. Oha ta apxeia nxou eivat detypatoAnmtnuéva ota 22050 Hz, povokdavala, pe Babog rixou 16-bit
kal o€ poppn WAV.

4 XapaKinploTika

Ma mv efaywyn TwV XapaKINPLOTIKWY armd Td dpxeia NYXOoU Tou oeT SeSO0UEVWY, APXIKA TUNUA-
THOoaUE KAOe onua apxeiov os frames pe péyeog 6144 deiypata (~278 ms), To omoio mpoékuPe
META ano enavahappavoueveg dokipeg. Enetta, ta frames, mapabuponombnkav pe mapabupo TU-
mou Hamming, (oou peyéBoug. X1 CUVEXEL, £YLVE N €EAYWYT] TWV XAPAKTINPLOTIKWY oTo T1edio Tou
XPOvVou, KaBwg Kal ato medio g ouxvotntag. Emiong €ywve e€aywyn twv cuvteheotwv MFCC. Ta
XAPAKTNPLOTIKA TToU €€nxOnoay, TEALKA, Eival Ta TapaKAaTw 27 110U avaAUovTdl T CUVEXELd.

4.1 Zero Crossing Rate - ZCR

Eivat o puBuog g al\ayng mpoomou Katd ) SIapKela Tou onuatog, SnAadr) o pubuog pe tov
omoio to onua aAAadel armd BTIKO o€ APVNTIKO KAl avTioTpo®ad. X KArmolo Baduo, deiyxvel v péon
ouxVOTNTA TOU OUATOC WG €ENG:

N Isgn a(n) — sgn a(n — 1)
ZCR = o (1)

orou sgn() N CUVAPTNOT TTPOCTHOU Kal z(n) TO SLAKPLTO OTIUA M)XOU. TN YEVIKY) EPUTTWOM, TO
ZCR yla TV HOUOIKN €ival apkeTd UPNAOTEPO armod OTL TNV QWVN.

4.2 Spectral Centroid - SC

To spectral cendroid 1) AAAMWE PATUATIKO KEVTPO, OTIWE AVAPEPETAL OTO 3, gival pid HETPIKN TTOU
XPYOLOTIOLEITAL WOTE VA XAPAKTNPIOEL Eva paopd. YTTOSEIKVUEL TTOU BPIOKETAL TO KEVTPO TOU (PACHA-
T0G. EXEL Loxupn cUvdeaN e TNV “PWTElVOTNTA” EVOG X0V, SNAAdT| e TNV XPOoLd. XuviOwC, TO KEVTPO
TOU (PACUATOG TNG PWVIG CUYKEVTPWVETAL O XAUNAEG GUXVOTNTEG KAl ETTEITA CUMTTUCOETAL TIOAU
YPNYopa oTig UPIAOTEPEG OUXVOTNTEG eVW dev uTtapxel DC ouviotwoa. AVTIOETa, 0NV UOUCIKT) dEV
EXEL TTAPATNPNOEL KATIOLO CUYKEKPLUEVO OXNUA TOU (PACUATOC,.

4.3 Roll Off

To CUYKEKPIUEVO XAPAKTNPLOTIKO AVATTAPLOTA TNV TIUN TNG OUXVOTNTAS, KATW Ao TNV onoia Bpi-
OKETaAL TO 95% TN evépyelag Tou onpatog. Onwg mpoavagEpONKE, N EVEPYELA TOU LOUGCIKOU OY)LATOC
OUYKEVTPWVETAL O UPNAOTEPESG CUXVOTNTEG OE OXEOT UE TO oA TNG ORAiag. H pabnuatikr) tou k-

ppaon divetal wg:
> X(k)=095-> X(k) (2)
k

k<v

2GTZAN dataset download, last accessed: 19 lavouapiou 2019
3 Speech and Music Classification and Separation: A Review, Abdullah I. Al-Shoshan, Department of Computer Science,
College of Computer, Qassim University, Saudi Arabia



http://opihi.cs.uvic.ca/sound/music_speech.tar.gz
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ormou to X (k) elvat o dlakpLtog petaoxnpuatinog Fourier (DFT) Tou x(t), To aplotepod HEPOG TNG Apa-
navw e€iowong sival To abpolopa TG eVEPYELAG KATW artd TNV ouxvotnta Vv, evw to 8¢kl eivat 95%
TNG CUVOAIKNG EVEPYELAG TOU OTLATOG OTO CUYKEKPLUEVO XPOVIKO frame.

4.4 Spectral Flux

To xapakmptoTikd Spectral Flux 1) aAAWE TNG PATUATIKAG POTIS, OTIWE AVAPEPETAL OTO ° PETPAEL
NV PACUATIKY dlapopd avaueoa ota frames. H HouoiKY) €Xel LEYAAUTEPO PUBUO SLapopag evw EXEL
TIO SPACTIKEG AANAYEC avapeoa ota frames armd OTL 1| OpAld. INUEWWVETAL OTL 1] LOUOIKN EVAANAC-
OETAL AVAUEDTA OE TIEPLOSOUG METABAONG KAl OTATIKEG TTEPLOSOUG EVW 1 OLULALG, YEVIKOTEPQ, EXEL EvaV
TIlo O0TaOepO PUBUO evalaywy. Q¢ amoTéEAeoUA, 1 TN TNG PACUATIKNG poNg sivat ugmAdTtepn ya
TNV LOUGLKY] O OXEOT UE TNV OMLALaL.

4.5 Envelope

To envelope sival pia opair] KAptUAN mou KAAUTTTEL TO eplypapa VoG TaAavVToUEVOU OYUATOC.
Ek@padlel TIG XpOVIKEG AANAYEC OTO TTAATOG TOU o UaToC. Ot aAAAYEG AUTEG gival UTTEVOUVEG VLA TTOAAES
TITUXEG TNG OKOUOTIKNG avTIANYNG, CUMTTEPIAALBAVOLEVOU TNG EVTAOMG, TNG XPOLAG, TNG oUTNTAG Kal
TIG XWPIKNG AKOUOTOTNTAG.

4.6 Flatness

To flatness 1) aAAAWE EMUTESOTNTA TOU N)XOU, Eival Uia LETPLKY) 1) oTtoia XpnoUoToLelTal otV ava-
Auon YneLaKwy onUATWY YL VA XOPAKINPIoEL TO (pACUA EVOS NXNTIKOU OTUATOG. XUVHBWG LETPLETAL
ot decibels (dB), kat artoteAel évav TPOMO MTOCOTIKOMOINGONG TOU TTOCO KOVTA £ival €vag nxog os 60-
puBo kal Téoo og ToVIKOTNTA. H avagopd otnv TovIKOTNTA YIVETAL E TNV €vvold Tou aplOuol Twv
KOPUPWV O€ €vd (PACA GUXVOTITWYV TIoU Ba urthpxav AOYw Twv JTOAAATTAWY NIToVwY o€ avtiBeon
Me To erminedo paopa Tou AeukoU Bopufou. Ta HOUCLKA oraTta, TEiVOUV va armoTeEAOUVTAL ATtd TTOA-
AQTTAOUG TOVOUG, 0 KABEVAC HE TNV SIKT) TOU KATAVOUT] APHOVIKWY EVW OTNV OplAia dev epgpaviletal
auTo.

4.7 Perceptual attack time

AUTO TO XAPAKTNPLOTIKO AVAPEPETAL GTNV XPOVLIKT) SIAPKELA AVAETA OTN XPOVIKT| OTLYT) TTOU TO
ONUa YIVETAL AKOUGTIKA AVTIANTITO MEXPL TN XPOVIKN OTLYUN TIOU (PTAVEL TNV MEYLOTN EVTACT) TOU.

4.8 Sound Decay

H mpoodeuTIKT| PEIWOT TOU TTAATOUG EVOG OMUATOG HE TNV TAPOSOo TOU XPOVOoU. AUTT) 1 CUUITEPL-
popd Eekvael HOALG To perceptual attack time ptdoel oTo HEYIOTO TOU. 2€ AUV TNV PAOCY) TO TAATOG
TOU ONUATOG LEWWVETAL LEXPL VA (PTACEL O €VA CUYKEKPLUEVO TTAATOG OTO OToio Slatnpeital pPéxpL va
apxloel va ofnveL

4.9 Spectral Complexity

To spectral complexity 1} aAMWG 1 ACUATIKT] TOAUTTAOKOTNTA, BacileTal oTov aplOud Twv Kopu-
WV TOU (PACUATOC TOU OT)UATOG.

4.10 Mel Frequency Cepstral Coefficients - MFCC

>tnv ene€epyaoia fyxou, To cepstrum cuxvothtwy Mel (Mel frequency cepstrum - MFC) sivat pa
aAvartapAacTaoTt ToU BPaxunpoBecpou pATATOS EVTAONG EVOG X0V, BACIOUEVOU OE Evav YPAUUKO
METAOXNUATIOMO CUVNIUTOVOU TOU AOYAPLOUOMEVOU (PATUATOG EVTAOTG O€ LA U1 YPAMLKY) KAlaKa
™G ouxvoTNTaS (UN YPAUMLKNG KAipakag Mel). Ot ouvteleatég Tou cepstrum ocuyxvotntag Mel (MFCCs
- Mel Frequency Cepstrum Coefficients) eival ol GUVTEAEOTEG EKEIVOL TTOU ATTOTEAOUV GTO GUVOAO TOUG
To paoua MFC.
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4.11 4Hz Energy Modulation

Ta onjpata oA iag £XoUV XapAKTNPLOTIKO LEYIOTO 0T SLapOppwan evépyelag YUpw ota 4Hz tou
pUBLOUL GUNNABWV. Ma va HoVTENOTIOMNOEL AUTY N IBLOTNTA AKOAOUBE(TAL 1) TapakdTw Stadikactia®: To
onua Tunuatornoleitat o frames, e€ayovtal ol cuvteleotég Mel Frequency Spectrum kat urtoAoyietal
N evépyela o€ 40 kavaiia avtianPng. Autn 1 evEpyela ETELTA PIATPAPETAL HE €va {wvodlaBaTo piATpo,
Kevipaplopévo ota 4Hz. H evépyela abBpoiletal yia OAa ta KavaAla, Kal Kavovikoroleital e fdon
™ HEomn evépyela Tou kaBe frame. H Stapdppwon divetal amd To KAVOVIKOTIOWUEVO ABPOLoHA TNG

Q@NTPAPLOHEVNC EVEPYELAG. H pwvr) TTEPLEXEL TTEPLOCOTEPN SLAUOPPWOT ATTO TNV LOUGCLKY.

>1o Slaypapupa [1] paivovtal EVOEIKTIKA KATOoLa Ao TA XAPAKTNPLOTIKA TTOU UTToAOY(oTNKay Kal
TO TTOO0 ATTOTEAECUATIKA €ival OTOV SlAXWPLOUO TwV KAATEWV.

SSDec
o

SLAtt
3

miccS

micc6
o

Txnua 1: Alaypdupata cuvduaopwy TECOUPWY XAPAKINPLOTIKWY avd dUo

5 TlMpoeneiepyacia dedopevwy

Katd v npoenetepyacia Twv deS0UEVWY, SOKILACTNKAV SLAPOPES TEXVIKES £€TOL WOTE va Ppe-
Bouv 1 BEATIOTN €TTIAOYT] XAPAKTINPLOTIKWY Kal cuVOUATUOG HEBOdwV. Ot uEBodoL Tou SoKIHAoTNKaV
eival n KAlpakornoinon, Kavovikoroinon Kat 0 cuvduaouog Tous. Emiong yla tnv emmhoyr) twv xapa-
KTNPLOTIKWY SOKLUACTNKAY TO KATW®AL Le Bdon ™ Stakupavon (VarianceThreshold) kat n ekatootiaia
eruhoyn (PercentileSelection), evw €ytve SoKLUT SLAPOPWY TILWY TWV TTAPAUETPWY AUTWV TWV AAyo-
piBLwv.

Ta amoteAéopata napouatadovral atoVv Tivaka 1. v KAILaKommoinomn OAd Ta XapaKTnPLoTIKA
€XOUV UNOEVIKO UEDO KAl ATTOKALOT (O HE TN MOVASA EVW OTNV KAVOVIKOTIoINon petatomnidovtatl ol
TLULEG TOUG WAOTE VA avnkouv ato eVpog [0, 1]. Ta VarianceThreshold kat PercentileSelection, mou eivat
ouvapmoelg Tou sub-module feature_selection g scikit-learn, amokAgiouv XapakIMPLOTIKA PECW JLE-
TPIKWV a§loAoynomg toug. 2to VarianceThreshold, n peiwon Tou aplOpol Twv XapaKTnPLOTIKWY Yive-

4IRIT/SAMOVA - 4 Hz modulation energy, last accessed: 19 lavouapiou 2019
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Tal He Opoug dlakupavong, SnAadn apaipolvtal OAd TA XAPAKTNPLOTIKA TWV OToiwv N dlakuupavon
dev Eemepvd KAmolo KatwgAl evw N PercentileSelection katatdooel 1a XapaktPLloTIKA He Baon
SLAKPLTIKY) TOU IKAVOTNTA Kal KaTtapyel OAA Ta XAPAKINPLOTIKA Ta ornoia Ppilokovtal Katw amnod &va
TTOGOOTO TWV KAAUTEPWYV KABOPLOUEVO aTT0 TO XPNOTN.

Movtélo Mé£0odol npoeneiepyaoiag AkpiBela
Xwpig npoenetepyaaia 0.49
Scaling 0.89
Kavovikormoinon 0.49
Scaling kal kavovikoroinon 0.78
SVM VarThreshold kaut scaling 0.88
PercenSel kat scaling 0.81
VarThreshold, scaling kat gamma=scale 0.88
VarThreshold, scaling kat sigmoid kernel 0.58
VarThreshold, scaling kat polynomial kernel (5°V Ba®uou) 0.84
Decision Tree VarThreshold kaut scaling 0.75
Multi-Layer Perceptron VarThreshold, scaling kat rndState = 2 0.86
Naive Bayes VarThreshold kat scaling 0.65

Mivakag 1: MéBodol npoeneepyaoiag yia didpopa HovteAa. ESw yia ouvtopia omou VarThreshold evvo-
eitaw VarianceThreshold, PercenSel evvoeital PercentileSelection kat scaling evvoesital kAlpakormoinon.

Ev téAel, amogpaaciotnke va xpnotpomnoindei uévo n KALpakormoinon, emedn ) kavovikoroinon dev
€lXe Kavéva AMTOTEAECHA KAl TO KEPSOCG OE TAXUTNTA TAEIVOUNONG TWV TTAPATIAVW TPOTIWVY HElwoNg
TOU apLBUOU XapaKTNPLOTIKWY SV NTAV OPKETO CUYKPLTIKA HE TNV MEiwon TG akpifelag wote va
SIKALOAOYNOEL TN XPNON Toug oTnVv UAoroinon. BonBnoav map’ 6Aa autd otov nmpoadloplopod Twv
XAPAKTNPLOTIKWY TIOU UTTEPTEPOUV.

2T1) OUVEXELQ, OE Lia TTPOOTIAOELA TIEPALTEPW KATAVONONG KAl KATATAENG TWV XAPAKTNPLOTIKWY UE
Bdom T SLaKPLTIKN TOUG LKavOTNTA, armopovwonkav 0Aa Kal EAEyXOnKav wg mpog TNV akpifeld toug
€va €va. Ta artoteAéopata €8el€av OTL, TEALKA, KAVEVA XAPAKTNPLOTIKO Ao LOVO Tou SV elval Ikavo va
SWOEL IKAVOTIOWNTIKO TOCOOTO AKPIBelag. AKOUA Kal av TTAPOUE TO KAAUTEPO O€ OPOUG aKpiBelag kat
TO SOKILACOUUE 0€ CUVOUATLIO UE TA ETTOMEVA KAAUTEPQ, (paiveTal OTL N akpipfeta av&avetal Aiyo aAAa
OXL apKeTA. TENOG, av emavaineBei akoua pia gopa 1 dtadlkaoia, gpailvetal OTL EXOUME Kal TIAAL pia
MLIKPN au&non otV akpifela, n omoia OpwG Eival ApKETA LAKPUA Arto TNV AKPIBELA TTOU EMITUYXAVETAL
XPNOLLOTIOLWVTAS OAA TA XAPAKTNPLOTIKA.
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Accuracy Individually With best first!  With best second?

4Hz Mod 0.58 0.66 0.73
Flat 0.63 0.71 0.75
HFC 0.58 0.65 0.72
LAtt 0.62 0.71 0.75
SC 0.59 0.66 0.73
Scomp 0.57 0.66 0.73
SDec 0.63 0.65 0.72
SEFlat 0.51 0.65 0.72
SF 0.55 0.69 0.75
SFlat 0.57 0.66 0.72
SLAtt 0.63 0.71 0.74
SR 0.60 0.66 0.72
SSDec 0.65 - -
ZCR 0.58 0.65 0.72
mfccO 0.61 0.66 0.73
mfccl 0.58 0.67 0.73
mfcc2 0.52 0.66 0.73
mfcc3 0.56 0.69 0.76
mfcc4 0.54 0.67 0.74
mfcch 0.57 0.70 0.75
mfccé 0.61 0.72 -
mfcc7 0.57 0.68 0.75
mfcc8 0.55 0.67 0.74
mfcc9 0.54 0.67 0.73
mfcc10 0.54 0.65 0.73
mfccl1l 0.51 0.66 0.73
mfccl2 0.54 0.67 0.73

Mivakag 2: AKpiBela HELOVWHEVWY XAPAKTNPLOTIKWY KAl CUVSUACUWY TOUG.

1: ortou “With best first” evvoeital 0 cuvEUATHOG TOU XAPAKTNPLOTIKOU HE TO KAAUTEPO, evw “With best second” evvoeital 0 cuvduaoudg TOU XAPAKTNPLOTIKOU LE TOV KAAUTEPO CUVEUACHO
TIOU TIPOEKUPE GTO TTPONYOUHEVO PBripa

Apa, ylveTal Tpo@aveg OTL SeV UNTAPXEL KATTIOLO CUYKEKPLUEVO, LOVASIKO XAPAKTNPLOTIKO TO OToio
€UOUVETAL YIA TO LEYAAUTEPO TTOCOOTO NG AKPIBELAG TOU HOVTEAOU AAAA €lval 0 cuvduaouog TOUG.

6 Machine Learning Models

2T OUVEXELD AVAQEPETAL CUVOTTTIKA 1) AELTOUPYIA TWY LOVTEAWY TTOU SOKIMACTNKAV YId TNV €K-
naideuon Twv dedopévwy (oL oplopol eivatl cUpPWVa pe TNV Lotooehida TG Analytics Vidhya °) ev
OTO TEAOG Ttapatifetal €vag mivakag otov omoio paivovtal ot didpopeg LeBodol Kat oL akpifeleg mou
ETUTELXONKAV.

6.1 Support Vector Machine - SVM

Ta SVMs avnkouv ota oVTEAd ETTRAETIOUEVNG LABNONG, KAl O OKOTTOG TOUG Eival 1) EVPEDT €VOG
YPOUULKOU UTtepETUTESOU (GUVOPO ArtdPaoC) To ormoio Oa dlaxwpiost Ta Sedopva. € AUTOV TOV aA-
YOPLOUO0, oxedlaloupe KGO £50UEVO WG Eva oMnUElo Og Evay V-81aaTaTo XwPo (010U V gival 0 aplOpog

3> Analytics Vidhya, last accessed: 19 lavouapiou 2019
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Twv features) pue v Ty KAOe feature va ival 1 TN TS EKAOTOTE cUVTETAYUEVNC. Enetta, katnyo-
plomoloUpe Bpiokovtag To umeperinedo 1o ormoio Slaxwpidel TIG 2 KAAOELG KAAUTEPA.

6.2 Decision Trees

Ta 8évdpa amo@aong 1 decision trees avrikouv ota LOVTENA ENIPAETTOUEVNG LAONONG KAl Epap-
podovtal TOoO O€ KATNYOPLKA 000 KAl CUVEXT] SES0UEVA. 2 € AUTOV TOV AAYOPLBU0, Xwpilouue Ta Sely-
MaTA OE IO OMOLOYEVEIG UTTOOMASEG BaCI{OMEVOL OTO XAPAKTINPLOTIKO TToU Ta dlaxwpidel kalutepa
KaBe popa.

6.3 Multilayer Perceptron

‘Eva perceptron, popei va katavonOsi wg oTidnote SEXETAL TTOAATAEG £L0OS0UG Kal TTAPAYEL
pia €€060. O TpOTTOC OPWG e TOV OToio cuoxeTidetal N €l0odog TV £€€060 gu@avilel evolapEpov.
Apxka og kGBe eicodo avatibetal £va Papog, To omoio ekPpadlel Tn onpaocia Mg, evw otV €£060
£€va Katw@AL Télog, umtoloyiletal pia moAwon n omoia pmopel va Bewpndel w¢ To Mooo suehi&iag
Tou perceptron. lNa Aoyoug anddoong, xpnollornolouvTal ToANA perceptrons ot layers, Ta omola sivat
TTANPWG ouvdedepéva PeTatl Toug.

6.4 Naive Bayes

Eival pia texvikn tafivopnong n onoia Baocideral oto Bewpnua tou Bayes pe tnv unobeon ave-
Eapmoiag avaueoa otoug ipoPAEnteg. Me anhd Adyla, o tafivountg Naive Bayes, untoBétel 6tL n
UTtap&n evog oUyKekplUEvou feature oe i KAAOT €lval ACUOXETIOTN HE TNV UTTAPEN OTOLOUSTITOTE
AaAhou.

6.5 Random Forest

O Random Forest eival évag akyoptOpog tumou Bootstrap, pe 8€vdpa amogaong. Auto mou mop-
onaBei va Kavel, eivat va @Ttlael dlagpopa dEvopa e SlapopeTIKA delyaTa KAl SLAPOPETIKEG APXLKES
TIUEG. EmavalapBavel Tnv dladikaoia Kat KAvel pua TEAKR TpoAsdn yia kabes mapatnpnon, n ornola
eival ouvaptmon oAwv Twv PoRAEPEWV.

7 A&0AOYNOoM HOVTEAWYV

Katd v a&loAdéynon Twv HoVTEAWY, SOKILAOTNKE TTOKIALO arTo TEXVIKEG eKTaidsuong yla Tig dla-
Popeg HeEBOSoUC Taglvounong, LEXpL va Bpebel o BEATIoTOG TaflvounmG. Metd amd nAnbwpa 6o-
KILWV, Ta povtéla SVM kat Random Forest amodeixbnkav ta kahUtepa otnyv ta&vounon, pe Bdaon
N UETPIKT TNG akpifelag. Xtov mivaka 3 gaivetal n akpiBela TwY HOVTEAWY AUTWV Yld SLAPopoug
TPOTTIOUG EKTTAISEVOMC TTOU SOKILACTNKAY. X€ KAOe mepinmTwon nponynOnke avakatepa (shuffle) Twv
EYYPAPWYV TOU OET HESOUEVWV.

H péyiom akpifela mou smtuyxavetal sivat 96% pe kAlpakormoinon kat 5-fold cross validation
xpnotworowwvtag SVM povtélo pe ykaouatavo (Radial Basis Function vy RBF) rtuprva.

8 Juunepaocpata

MapatiBetal oTn CUVEXELD O TiVOKAG OTOV OO0 paiveTal 1 HEYLOTN aKpiBEla TTOU EMITELXONKE
Y0 KAOE LLOVTENO TIOU SOKILAOTNKE.

‘Onwg aivetal, ta Support Vector Machines kat o aAyoptBuog Random Forest amodidouv ta Ka-
AUTepa artoteAéopata e 96% kat 95% akpifela avtiotowa, eVvw apKetd Kald amodidouv kat Ta
Multilayer perceptrons. MNMapdAAnAa, PAETOUUE OTL TA XELPOTEPA ATTOTEAECUATA 0T Taflvounon &i-
vel o Naive Bayes ue nepinov 70% akpipela. TéEhog, n epappoyn tou PCA eival qpavepo o1l peiwoe
QPKETA TNV AKPIBELA TWV HOVTEAWVY KAl Yld AUTOV TOV AOYO ouvIioTATAl LOVO OTNV TEPIMTWON TTou
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Movtélo Mé£Bo0bog ekmaidgvong AkpiBeia
KAwakoroinon kat tuxaio split 0.94
KAlpakormoinom kat 5-fold cross validation 0.96
SUM KAtpakormnoinon, PCA (ueiwon og 10 xapaktnplotikd) 0.92
kal tuxaio split
KAwpakomoinon, PCA (ueiwon og 10 xapaktnploTika) 0.93
kat 5-fold cross validation
KAtpakoroinon kat 5-fold cross validation 0.95
Random Forest KAwakoroinon, PCA (ueiwon og 10 xapaKinploTika) 0.94

kat 5-fold cross validation

Mivakag 3: AkpiBela Twv SV KAAUTEPWYV PoVTEAWY (SVM kat Random Forest) yia dtagpopeg puebddoug
ekmaidsuong. ‘Omnou xpnotponomdnke cross validation kpat)Bnke n axkpifela tou kalvtepou fold.

Method Accuracy
SVM 96.06
Decision Tree 86.51
MultiLayer Perceptron 90.34
Naive Bayes 70.25
Random Forest 95.49
SVM (PCA(10)) 90.02

Mivakag 4: AkpiBela LOVTEAWY TAEVOUNTWY TTOU SOKIUACTTNKAV

UTTAPXEL KATTOLOG 00BapOC XPOVIKOG TTEPLOPLOUOG KATA TNV TAEIVOUNON KABw, AdYw TN Helwong Twv
XAPAKTNPLOTIKWY artd 27 ot 10, autr) Ba ekteleital 1o ypnyopa.

AvaopeEg

[1] J. L. R. Julien PINQUIER and R. egine ANDRE-OBRECHT, “Robust speech / music classification in
audio documents,” 7" International Conference on Spoken Language Processing, 2002.

[2] C.D. Nikolaos Tsipas, Lazaros Vrysis and G. Papanikolaou, “Mirex 2015: Methods for speech/music
detection and classification,” MIREX 2015 Conference, 2015.

[3] B. K. Khonglah and S. M. Prasanna, “Speech / music classification using speech-specific features,’
Digital Signal Processing 48, 2016.

[4] W. Shi and X. Fan, “Speech classification based on cuckoo algorithm and support vector machines,’
2nd IEEE International Conference on Computational Intelligence and Applications, 2017.

[5] K. Wang, Y. Yang, and Y. Yang, “Speech/music discrimination using hybrid-based feature extraction
for audio data indexing,” in 2017 International Conference on System Science and Engineering (ICSSE),
pp. 515-519, July 2017.

[6] B.C. Stanistaw Kacprzak and B. Zidtko, “Speech/music discrimination for analysis of radio stations,”
2017 International Conference on Systems, Signals and Image Processing (IWSSIP), 2017.

10



	Εισαγωγή
	Προηγούμενες υλοποιήσεις
	Εργαλεία που χρησιμοποιήθηκαν
	Χαρακτηριστικά
	Zero Crossing Rate - ZCR
	Spectral Centroid - SC
	Roll Off
	Spectral Flux
	Envelope
	Flatness
	Perceptual attack time
	Sound Decay
	Spectral Complexity
	Mel Frequency Cepstral Coefficients - MFCC
	4Hz Energy Modulation

	Προεπεξεργασία δεδομένων
	Machine Learning Models
	Support Vector Machine - SVM
	Decision Trees
	Multilayer Perceptron
	Naive Bayes
	Random Forest

	Αξιολόγηση μοντέλων
	Συμπεράσματα

