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" Avixveuon pwvrG o€ EPAOCITEXVIKEG KATAYPADEG LOUCLKWY CEULVAPLWY UTLO
TP AYHOTIKEG OUVONKeG"

NEPINHWH

Mia amo T oNUAVIIKOTEPEG LKAVOTNTEG TIOU €XEL O AvOpwIog €ival n outAla, n omoia
arnoteAel Kal To Baclkd TPOMOC EMIKOWVWVIAG UE ToV UTIOAOUTO KOOMO. Ta TeAeutala
XPovLa To evlladEpov oMWV EXeL EMLKEVTPWOEL 0TNV avamtuén epapuoywy, oL Omoleg
Bacilovtal otn pwvr). Z€ TETOLOU €l60UC epapUoyEC, pag SideTal éva onua eLoddou anod
TO OTOLO XPNOLUOTOLOUUE HOVO TA KOMMATLA TIou MepLExouv dwvr. Me dAha AoyLa,
avaAuovtag To onua eVvtomiloupe Ta Koppdtia ¢wvhg, T Omoila Kal KPATAUE, EVW TA
umohouna (66puBog, nouyia kKAT) ta ayvooUpe. H Stadikacia autr) ovopdletal avixveuon
dwvn¢ (Voice Detection). Me tn Sladikacia autr) UELWVETAL SPAUATIKA O OYKOG TNG
miAnpodoplag mou MPOKELTAL VA ETEEEPYACTOUE, KATL TO OTIOLO €lval TTOAU XPrCLUO.



H Stadkaoia tng avixveuong tng pwvng oxetiletal oteva Pe TNV ToflVvOUNon o€ olAia
Kol un outAla. Emiong, tOoo n avixveuon Ttpayoudlol 6co Kalt n  Slakplon
oA iag/poucoikig umopolv va BewpnBolv uTokatnyopleg tng avixveuong ¢wvng. Ze
OANeGC QUTEC TIC TepuUTTWOoel pag Oidetal €évag onua ewodou To omoio Kot
ene€epyalOUAOTE. ZUVAOWCE N AVAAUGCT TOU ONUATOC YIVETAL O€ ULKPOTEPO KOUULATLO, ATt
TO omola €€AYOUUE XAPAKTNPELOTIKA. H SLApKELD TWV KOUUATIWY KUHALVETAL Tepimou
peTatL 0.02 kat 3 dsutepoAéntwy Kal opileTal avaloya HE TO MPOBANUA TTOU E£XOULE
kKAnBel va AUooupe. Mmopet emiong va e€optatal ano 1o £(60¢ TWV XAUPAKTNPLOTLKWY TTOU
B€houpe va e€ayoupe. MExpl Twpa £xouv Mpotabel MANB0OC XOPAKTNPLOTIKWY, KATIOLO
ano to omoia eival €PKTO va TIAPAYOUV OITOTEAECHOTO XPNOLUOTIOLWVTAG KPP
KOUUATIO TOU ONHOTOC. AVTIOETA, UTAPXOUV  XOPOKTNPLOTIKA TO ONMOolo amattouv
TePLoaOTEPN MANpodopia e ATTOTEAECUA N SLAPKELA TWV KOUUATLWY VA TIPETEL val Elval
HEYAAN. Ta XOPAKTNPELOTIKA UITOPOUV Vo XWPLOToUV o SUO0 KATNYOPLEC, OE QUTA TOU
neblou Tou XpPOvou Kal o€ gKelva Tou TeSiOU TwV cuxvotTwy. Xto Tedio Tou Xpovou
gupewe dadedopéva eival n evépyela, o pubuog StEdeuong amo To undeviko afova Kat
XOPAKTNPLOTIKA TIou PBacilovtol otnv aUTOCUOoXETLoN. Ao TNV GAAn, oto medio Twv
OUXVOTNTWV €va UEYAAO TIOOOOTO TWV XOPOKTNPLOTIKWY g€ayetal amod to Cepstrum
(eméktaon tou paopatog). Autd cupPaivel SLOTL ekel utapyeL xpriowun MAnpodopia yla
™ PwVr). ZUYKEKPLUEVA, TO TILO SLGESOUEVO XOPOAKTNPLOTIKO 0TNV avixveuon tpayoudlol
kat otn Sldkplon opthiag/pouoikng eivat ot Mel-frequency Cepstral ouvteheotec.
Yrootnpilletal OTL TO XOPAKTNPLOTIKO aUTO Slvel Ta KAAUTEpPO QmMOTEAEoMATA OTNV
mAsloPndia TwWV MEPUTTWOEWV.

ITnNV epyaocio auti mopouoclaletal €vag aAyoplOuog avixveuvong ¢wvhg mMAvVw O€
TPAYUATIKEG KataypadEC ano padnpata pouotkng. Kabwe n ¢puon twv nxoypadnoewv
elval t€tola, otdXoc¢ lval va evtormiletal T0oo n optAiat 660 Kal To TpayolSL. Eva KAaGLIKO
ovuotnua xpnoldomolel toug MFC OUVTEAEOTEC WG XOPOKTNPLOTIKO SlaxwpLlopov
"dwvng"/"'un dwvng" kat pla pnxavr Stavuopatikng umootnpleng (Support Vector
Machine) yta tnv ta€lvopunon. Baon evog tétolou ocuotripatog Aownov, opiloupe toug MFC
OUVTEAEOTEG WG TO KUPLO XOPOKTNPLOTIKO Kol TpooBétoupe aAla Tpia, Tn por] Tou
Cepstrum, tn Zadnvela kat tTnv Appovikotnta. Ta dvo teleutaia Pacilovtal otnv
OQUTOCUOXETLON TOU onuatog oto medio tou xpovou. O okomog eival va BeAtiwBel n
anoédoon evog CUCTHUATOC, TTOU XPNOLUOTIOLEL LOvo Toug MFC cuvteheotéc. E€etaloupe
5 8LadopeTIkoUG CUVOUACUOUG TWV XAPAKTNPLOTLKWY TIOU TipoavadEpBnKav pE Toug
MFC ouvteAeoTEg. Znpata Slapkelag 3 SeUTeEPOAEMTWY avaAuovtol o Koppatia twv 0.03
Seutepoléntwy, €xovtag 0.02 deutepolenta emikAAudn UETALL TOUC. e KAOEe TETOLO
KOMMATL €€AyoVTOL TA XOPOKTNELOTIKA Kol amoBnkevovtal oe €va diavuopa. Emelta,
epapudletal éva 10-fold cross-validation mavw ota onpata Stdpkelag 3 SeuTePOAETTWY,
yla va taélvopunBouv o€ "dwvn" kat "un dwvn". H Bdon mou xpnolpomnollnke yla tnv
ekmaidevuon kot Tov EAeyxo TOU CUCTAUATOG anoteAeital ano 3 oepwvapla. Avo and auvtd
oxetilovtal pe tn AUpa otnv mapadoolaki KpNTLKA UOUCLKN, EVW TO TPito adopd To
AaoUTO. ZNUELWVETAL OTL n KABe nyoypddnon €xeL mpaypoatorolnBel kdtw oo
SLadopeTIKEG CUVONKEC.



H anédoon tou aAyopiBuou alodoyrbnke Baocel twv Detection Error Tradeoff (DET) kait
Receiver Operating Characteristic (ROC) kaumuAwv. MapdAAnAa, uTOAOYLOTNKE KOl TO
T0o00TO loou opaApatog (Equal Error Rate), To pétpo AmodotikotnTag Kot to epBado tng
KapuruAng ROC. MpaypatomnotBnke afloAdynaon tou Kabe oepvopiou XwpLlota Kat OAwv
pall. Emiong, €ywve cuvbuaouog dedopévwy ekmaideuong Kot EAEyXOU TOU CUOTHUATOC
arno Vo SLodopeTikd oeuvapla. Me Tov TPOMO QUTO TOPEXOUUE TILO OLOTILOTA
anoteAéopata. KataAyoupe OTL n XPHON TWV EMUTAEOV XAPOKTNPLOTIKWY BEATLWVEL
alodnta tnv anodoon Tou KAOGWKOU aAyopiBuou mou xpnolpomolel pévo toug MFC
ouVTeAEOTEG. TENOG, TapaTNPNONKE OTL TPELG OO TOUG TTEVTE cuvduaopoUG Eexwpilouy,
HELWVOVTAG Kotd 20% TNV mBavotnta Tou va XACOUUE £va KOppatL "dwvnc", dedopuévng
pLoG mbavotntog ton pe 5%, va xopaktnplooupe we "dpwvn" KATOL0 KOUUATL TTOU 0TNV
TPAYUATIKOTNTA SEV £lval.

“Voicing detection in spontaneous and real-life recordings from music lessons”

ABSTRACT

Speech is one of the most important abilities that we have, since it is one of the principal
ways of communication with the world. In the past few years a lot of interest has been
shown in developing voice-based applications. Such applications involve the isolation of
speech from an audio file. The algorithms that achieve this are called Voice Detection
algorithms. From the analysis of a given input audio signal, the parts containing voice are
kept while the other parts (noise, silence, etc) are discarded. In this way a great reduction
of the information to be further processed is achieved.

The task of Voice Detection is closely related with Speech/Nonspeech Classification. In
addition, Singing Voice Detection and Speech/Music Discrimination can be seen as
subclasses of what we generally call Voice Detection. When dealing with such tasks, an
audio signal is given as an input to a system and is then processed. The signal is usually
analysed in small parts called frames, from which features are extracted. The frame length
canvary from about 0.02 up to 3 seconds. The duration depends mostly on the application
and sometimes on the features being used. Many features have been proposed until now.
Some of them work well when the frame size is small (local information). However, other
features require more information, therefore the frame length is chosen to be bigger.
There are two categories in which the features could be divided, time domain and
frequency domain features. In time domain the short time energy, the zero-crossing rate
and autocorrelation based features are most often used. In frequency domain cepstral
features are most frequently used, due to the useful information about speech presence.



To be more specific, in Singing Voice Detection and in Speech/Music Discrimination the
state-of-the-art feature are the Mel-Frequency Cepstral Coefficients. It has been
reported, that this particular feature provides the best performance in the majority of the
cases.

In this thesis an algorithm is developed that performs voice detection in spontaneous and
real-life recordings from music lessons. The content of the recordings was such that the
proposed algorithm was challenged to discriminate both speech and singing voice from
music and other noises. A classic approach for this problem would use MFCCs as the
discrimination feature and an SVM classifier for the classification into "speech" or
"nonspeech". In our work the methodology of this approach is expanded by preserving
the MFCCs as the main feature and incorporating three other features namely, the
Cepstral Flux, the Clarity and the Harmonicity. Cepstral Flux is extracted from the
Cepstrum, while Clarity and Harmonicity are time-domain autocorrelation-based
features. The goal is to improve with these additional features the performance of the
system that uses only the MFCCs. So, different combination of the three additional
features with the MFCCs were examined and evaluated. A 3 second lasting input signal,
is processed in 30ms long frames, with an 20ms overlap. In each frame the features are
extracted and put into a vector. A 10-fold cross-validation then is applied, on the 3 second
lasting segments, which are labelled as "speech" or "nonspeech". The database used for
the training and the testing purposes of our algorithm consists of three seminars. Two of
them concern traditional Cretan music classes with lira and the third one traditional
Cretan music classes with lute. Each recording has been carried out under different
environmental conditions.

Performance evaluation was conducted using the Detection Error Tradeoff (DET) and
Receiver Operating Characteristic (ROC) curves as a visual evaluation tool. Also, the Equal
Error Rate (EER), the Efficiency and the Area Under the Curve (AUC) were computed in
each case. Each seminar was evaluated separately, as well as all together. A combination
of training and testing sets from different seminars was also done, to be able to provide
reliable results. It is shown that the use of the additional features significantly enhances
the performance of the classic algorithm that uses only the MFCCs. Finally, it is observed
that three out of the five combinations stand out, by reducing about 20% the miss
probability given a false alarm probability equal to 5%.



