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1 Ewaywyn

To (NToUMEVO NG Epyaaiag eival n avamrtuin evog LOVTEAOU UNXAVIKNG Labnong to omnoio, na-
pExovTag €va apxeio nxou, 6a umopel va Eexwpiosl avapeod oTa KOMUATLA TOU XPOVOU TTOU TTEPLE-
XOuv ollAia (speech) kal pouatkr) (music).

Mpokettal yla éva nmpofANUa TAEVOUNONG TTOU €lval ONUAVTIKO KABWC EXEL EPAPUOYES OE TIAAT-
(POPUESG KOWVWVIKWY SIKTUWYV YIA TNV avVAYVWPLOT) TIEPLEXOUEVOU UE TIVEULATIKA SIKALWUATA, O OU-
OTHUATA AUTOHATNG AVAyVWweLoNg Sla@nuicswy, povtépva "éEumva” fondntika akong K.a. H ripo-
opatn BBAoypapia mepiExel Ogpatoloyia O0mou oToxeVEL €ite 0TV avamtuén akyopiBuwy ya
YPTYOPN Kal (pONVvr) UTTOAOYLOTIKA TA&lvOuNnaM, €ite otnv avayvwplon oAl HeYAANg akpipelag.
AUTO S10TL AUTN TN CTLYUT 1] AVAYVWPLOY) UE TTOOOOTO EMITUXIAG YUpw oto 98% sival KatL cuvnOL-
OMEVO.

2 [ponyoUMEVEG UNOTTOMNOELS

Yrapxel mAnOwpa BiBAloypapiag oxeTikn He To Oéua. Exouv Bpebel 11dn apKeTég AUOELS, VW
oL TTLO TIPOCPATEG TIETUXAIVOUV afloonueiwTa amoTeAéopaTa TOOO0 OCWY aPopd TNV TaxUTNTA TOU
Slaxwplopol 600 Kal TV akpifela Twv anotedeopdtwy. Kamoleg amo tig dnNUocleVOELG Ol OTTOIEG
QAPOPOUV TO CUYKEKPLUEVO BEUA, KABWGE KAl TO ATTOTEAECUATA TOUG TApouatalovTal TapaKATW.

>to [1] ol cuyypaweic Xpnoornololy Tta €ENG XapakTnpLloTika (features):

1. Alapdppwon evépyelag ota 4Hz tou onuarog (4Hz modulation)
2. Alapopewon svrporiag tou onpartog (entropy modulation)

3. AplOUOC TWV OTATIKWY TUNUATWY

4, AlGpKELd TWV TUNUATWY

MapatprONnKe MEPAMATIKA OTL TA TTPWTA 3 XAPAKTNPLOTIKA Sivouv Eexwplota mepimou to Slo
TTOCOOTO ETMITUXWV Ta&lvopunoswy (riepimou 84%) evw n Mmayleolavn mpocEyyLon yla To XapaKtn-
PLOTIKO SIAPKELAC THNHATWY £8wae Alyo XAUNAOTEPO TTOCOCTO (76.1%).

Ma va av&nBel To MOCOOTO TWV CUVOALKWY ETTITUXWY TAELVOUTOEWY TIPOTAONKE €vVag LEpap)L-
KOG akyoplOpog Taflvounong oToV ormoio Ta XapaKTNPELOTIKA SLapdppwong EVEPYELAS TOU OTLATOG
ota 4Hz kat SlapdpPwaong EVIPOTTiag ToU ONUATOG CUYXWVEUOVTAL X€ TEPIMTWOT TTou oL 2 Tafl-
VOUNTEG CUMPWVOUV armo@aci{ouv yla To av To TUNUA artoteAel opAia 1) OxL, evw o€ mepimTwon
TIOU &€V CUUPWVOUV, 1) ATITOMPAOT] OPLOTIKOTTIOLEITAL ATTO TO XAPAKTINPLOTIKO TOU APLOUOU TUNUATWY.
AmodelkvUeTal OTL TA ATOTEAECHATA AUTOU Tou aAyopiBuou divouv 90.1% cwoTEC TA&lVOUNOELG.

1o [3] To mPOBANUa Tou 80ONKE avTILETWTIETAL WG 2 UTTOTTPOPANUATA: TO TIPOPANUA EVTO-
TUOMOU SELYUATWY Kal TO TTPOPANA KATNYOPLOTTOINoNg Toud. Na Tov evtormopud SelyudTwy Jou-
OlKNG/PWVNG EPAPLOOTNKE 0 aAyoplOuog Random Forest og 2 ekSOXEG TOU: OTNV TMPWTN, £PAP-
pootnke padl pe évav Silence detection akyoplBpo evw ot deutepn Baciotnke HOVO OTIS TIAN-
POWPOopPIieg opoloyevelag (self similarity matrix) kat oty Asttoupyia tou iStou Tou Tagvount. Emi-
ong, yla TV Taglvopnon mpotdonkav 2 eVAANAKTIKEG: OTNV TPWTN XPNOLLOTIOMBNKE €va mpo-
EKTIAULOEUEVO LOVTENO EVW oTNnV SeUTePN N ekaidevon yivetal katd tnv aflohoynon Twv Sely-
HATWV.

Xpnowornoménkay ta Xxapakmmplotika (features):

RMS evépyela

ZCR (Zero-Crossing Rate)

Spectral rolloff (Xuxvotmta Amokormng)

Spectral flux (Paopatikn Pon)

Spectral flatness (Qacuatikn Enmuteddmra)

Spectral flatness per Band (Daouatikr) Emutedotnta ava ouxvoTIKEG oudadeg)

O e o

2



Texvohoyia Hyou kat Ewovag 2018 Oeo0dwpidou, MrAavvivyk, Pavakng

7. MFCCs (Mel Frequency Cepstral Coefficients)

‘Eywve avaiuon KUpwwv cuviotwowv (Principal component analysis 1 PCA) pe otéxo va pelw-
BoUv ol SlaoTACELG TWV SlAVUCUATWY XapakInploTikwy (feature vectors). AnuioupynOnkav ot mi-
VOKEG opolotNTag uroAoyidovtag TV eUKAeidela armdotaon UETA&D TWV SELYHUATWY NXOU £TOL WOTE
Va XWPLOTOUV TA TUMATA. TN CUVEXELD TA TUMATA QUTA KATNYOPLOMTOIOUVTAL EVW TAUTOXpovVA
epapuoletatl o alyoplBuog Silence Detection kat ta deiypara autd nmpooTtiBevtal ota mponyou-
peva. MNa to mpofANUa TG KatnyopLlomoinong xpnotyoroleital o idlog akyopOuog Random Forest
yla tnv ta€lvounon oe eninedo (frame) Tunuatwy vxou. Epdoov yia kdOe apyeio nyou €xouv ea-
XOel T MapaAmAvw XapaKINPLOTIKA, KAOE TUNUA NXOU TA§LVOLEITAL TNV KAAOY) TTou armo@aaciletal
Kal EMELTa OAOKANPO To apxeio Tta&lvopeital oy kKAdon otnv omoia Tagvoundnkav tTa TUNUATA
TOU Kata mAslonpia.

>Uupwva pe to [4] to back propagation neural network nétuxe axkpifela 89.08%, evw to SVM
niétuxe 90.12% katn Sikn Toug uAomoinon SVM (ue tov akyoptOuo cuckoo), CS-SVM, riétuxe 92.75%.

>to [2] ol cuyypapeig xpnoomnolovy ta features:

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

3. SC (Spectral Centroid)

4. SR (Spectral Rolloff)

5. SF (Specral Flux)

Ta xapakmplotikad MFCC, ZCR kat SF ta&vopouyv pe accuracy 90% 1o kabéva. To feature SR pe
83%, evw 10 SC e 70%. O ouvduaouog oAwv Twv features metuxaivel 93.5% ocwot tagvounon,
EVW LE Xprion evog SVM povTtéNou To TooooTo Tavel oto 95.68%.

Mapatnpsital 6tL n cWoT TA&VOUNON NG MOUCLKNG €ival apkeTd SUoKOAOTEPN (UE auTta Ta
features) og ox€om He AU NG OMALAG. JUYKEKPIUEVA OTNV Ol emituyxdavetal (ue To SVM)
accuracy 98.25% gvw ot pouaotkn) 93.1%.

Téhog, oUuPWva Ue To [5], o€ PapUOYEG KATNYopPLoTToinomg ortou Sev emBAAAETAL 1] AstToupyia
O€ IPAYHATIKO XPOVo, 1 Xpnon energy features sival ermBupnt) Adyo TG HeyaAng akpifelag toug.
JUYKeKpEVa N avaditnon ¢ Minimum Energy Density Seixvel va urtepéxel amo AAAeG LeOOSoUG
energy features Kal 0TV ATOTEAECUATIKOTNTA TNG, KAL OTNV ATAOTNTA TOU UTTOAOYLOMOU TNG. 2€
OUVOUAOUO E TO XAPAKTINPLOTIKO TNG SLAPopag eVEPYELAG OTA SLAPOPA KAVAALA OGS TTOAUKAVAANG
gloodou, oto [5] métuxav akpifela 100% ota KOPUATIA LGOS0V OTTOU TIEPLEXAV UOVO MOUCIKN T
PWVT Kat OxL Tov ouvduaoud Toug (OwWE OTIG PASIOPWVIKES SLATIUNTELS).

3 Xxedlaouog uhomoinong

MeTd amo HEAETN TWV TTPONYOUEVWY UAOTIOINCEWY KAl TTEIPAUATIONO HE TNV gEaywyn dla-
(POPWV XapaKINPOTIKWY (features) ot Matlab amogpaciocape va akoAouB)GOUUE TNV TTAPAKATW
TIOPEIA AVTIUETWITLONG TOU TTPOLAMATOG.

3.1 NapaBupomnoinon

Ma v nmapabupornoinon tou onuatog Oa yivel xprion Hamming nmapabupwv pe emikaiuvdm
50%. H teAikn) XpoVIKT] SLAPKELD TWV TTapabUpwy avapévetal va ival oto 1edio Tou UooU e evoq
Sdeutepoiemntou (0.5-1 sec) kaw Oa kaboplatel ot mopeia péow trial and error TeEXVIKWV.
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3.2 XapaKtnplotika

Ta XapaKTNPLOTIKA TIOU €X0UV eTUAEYEL elval Ta €ENG:

MFCCs (Mel Frequency Cepstral Coefficients)
Silence ratio

ZCR (Zero-Crossing Rate)

SC (Spectral Centroid)

SR (Spectral Rolloff)

SF (Specral Flux)

4Hz modulation

Minimum Energy Density (MED)

©ONouhwd

Ta CUYKEKPLUEVA XAPAKTINPLOTIKA EUPaVI(OuV TIG LEYAAUTEPEG akpifeleg o Taglvounon evw
TAUTOXPOVA EXOUV ULKPY] ETEPOCUOXETION. AAAA XAPAKTNPLOTIKA UWTOPEL va ipooTteBolv o1 mopeia
META artd avaAUTIKOTEPN €peuva NG BIPAloYpapeiag.

3.3 Movtélo tagivopunong

Ao v BIBALOYPAPLKY €PEUVA SLATIIOTWONKE OTL Ol SLAPOPETIKES ETUAOYEG XAPAKTNPLOTIKWY
ennpeadouv TNV akpifela Twv HovTéAwy. EToL Ue pia CUYKEKPLUEVT) ETTIAOYY] XOPAKTNPLOTIKWY UITO-
pel Ta mbavoTtika povtéla (Naive Bayes, GMM, k.a.) va eivat amoteAeopatikotepd Twv SVM 1 twv
VEUPWVIKWY. AANAA e eTTAoyn SlapopeTikwy features va toxVel To avtifeto. MNa tov Aoyo auto &i-
val amapaitnTo, apol artoPaoloTELl TO OET TWV XAPAKINPLOTIKWY va Yivel ekmmaidevon kat testing
TIOAMWYV UOVTEAWV TIPWV TNV TEAIKN €rihoyr. ETol n mpotaon pag sivat 1 SoKIUn Twy NEPLOCOTE-
PWV eupaiwg dladedopévwy povtéAwy, omwg: Decision trees, Bayesian networks, Gaussian mixture
model, Hidden Markov Model, SVMs, Artificial Neural networks, Genetic Algorithms.

3.4 Stack

Tooo ya TV €€epelivnom TOU XWPOU TWV XAPAKTINPLOTIKWY 000 KAl Yla TNV eKmmaibeuon Kal Tov
EAEYXO TOU MOVTEAOU Oa XpNOloTTon Ol To MPOoYPAPUATIOTIKO TteptBariov g R. To mepiBaiiov
QUTO €ival el8LIKA OXESLAOUEVO YIa OTATIOTIKOUG UTTOAOYLIOMOUC (statistical computing) kau armtoteAei
(Madi pe v python) To otavtap g Blounxaviag pnxavikng padnong. Eniong mapéxetat agpbovia
BBAoONKWY €toluwyv machine learning akyopiBuwyv amo Tig onoieg 6a xpnoyormomnBouy peTagy
aA\wv ot: 'e10771’, 'rpart’, 'nnet’, 'random forest’.

Y e dlawopa otadla TG epyaciag evoExeTal va xpnaotpornonBei kat n yY\wooa Matlab Adyw g
EUKOALOG TTOU TTIPOCPEPEL OTOUG HABMATIKOUG UTTOAOYLOUOUG.
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