EONIKO METTOBIO TTOAYTEXNEIO

Y XOAH HAEKTPOAOT'ON MHXANIKON KAT MHXANIKON Y THOAOTIETON
TOMEAY YHMATON, EAETXOY KAI POMIOTIKHY.

Avayvmpelor cLVOULCUHUATOS LECH PWVYNG

AIITAOMATIKH EPTASIA

TOL

INavvoiin K. IHoavayiotn

EmnBAenwv: Tlotaudvos I'epdoog
Av. Kodnyntic Maveniotiuio Oecoaiiog

EPraxTHPIO YHMATON EAErX0OT KAI POMIIOTIKHE
Adrva, XentéufBperoc 2012






Edvixé Metadfio Ilohuteyveio

Yyoh, Hhextpohdywv Mnyavixey xow Mnyovixckdv Trokoyiotodvy
Topéag Enpdtwy, Eréyyou xar Poprotirg

Epyaotiplo Ynudtowv Exéyyou xar Pounotixic

Avayvoelorn cuVUULCUAUATOS UECK PWVAS

AIIIAOMATIKH EPrAsIA

TOV

IMavvoiin K. ITavayuwmtn

ErBAenwv: Tlotaudvoe [epdopog
Av. Kodnyntic Moaveniotiuio Oecoaiiog

Eyxpldnxe and v tpels| eetaotin| emtpon) Ty 207 Xenteyfpiov 2012.

(Ymoypagri) (Ymoypagrj) (Yroypagri)
Hotaudvoc lepdotpoc  Mapayxdc 1étpoc TCagéotac Kootag
Av. Kadnyntic 11.©. Kodnyntic E.M.IL Enixouvpog Kadnyntic E.M.IL

Adrva, XentéufBperoc 2012



(Troypagn)

I'TANNOYAHE ITANATIQTHSE
Aimhopotovyog Hiextpohdyog Mnyovinde xon Mryavixée Troroyiotody E.M.IL
(© 2012 — All rights reserved



Edvixé Metadfio Ilohuteyveio

Yyoh, Hhextpohdywv Mnyavixey xow Mnyovixckdv Trokoyiotodvy
Topéag Enpdtwy, Eréyyou xar Poprotirg

Epyaotiplo Ynudtowv Exéyyou xar Pounotixic

Copyright (©—All rights reserved T'tavvoling Iavayiotng, .
Me empiiadn Tovtog dxondaTos.

Arnoyopebeton 1 aviiypapr, anolfixeuor xot Stavoun g nopolous epydoiog, €& 0AOXAHpOU
) TUARATOC aUTAS, Yo epmopixd oxond. Emtpénetar n avatinwor, anoVhxeuon xat dlavour
Yol OXOTO WY} XEEOOOXOTUXG, EXTUDEUTIXNC 1 EpELVNTIXNC GUoNG, uTd Ty Tpolnddean va
avagEpeTal 1 TNYT TEOEAEVONE Xou VoL Slatnpeital To mopdy pivupa. Epwtiuata nou agopolv

TN Yenion TS epYaciag Yiol XEpOOOXOTIXG GXOTO TEETEL VAl AneLY)OVOVTAL TPOG TOV GUYYRUGEX.






Euyaplotieg

Oa Heha xatopy v va evyaplothon Yepud tov Av. xodnynt tou I1.O. xat cuvepyaldpe-
vo epeuvnTy| otov Anuoxetto x. I'epdoipo Hotowdvo, yia tny eniBAedn avtric g dimhwyati-
x1e epyaoioc. H xadodhynon tou frav cuveyhc o wiaitepa ToAbTiun, xadohn v Sidpxeta
NG EPELYNTIXAC oS TEOOTAYELOG.

Oa fdeha enlong va evydplotiow tov xadnynth Touv E.M.IL %. TTétpo Mapayxd, xadwg
fitay 7 Baowad ation yio v Eextviiow va aoyohotpon ye Ty Unglon Enelepyocia Ynudtwy
xou we Ty Avaryvapior Hpotdnwy, xo we cuvéneio va emhéZw g Féuo Tng SITAOUATIXAC Lo
NV Avoryvopior, ouvastpaTos U€ow PwVic.

Téhog, va euyapiothow tov Anuften Anuntetddn, yo tny mapayoenoyn tou Matlab
xWOWO oYETXA UE To yopoxtnptotixd AM-FM.

Aéleic KAziowk

Emotion recognition, Glottal flow, AM-FM features, Feature selection, GMM, SVM






ITepieyopeva

Evyapiotieg 1
IIepieydpeva 4
Katdhoyog Zynupatmy 6
Katdroyvyog Iwvdxwy 7
1 Ewayowyy 9
1.1 To ouvaloOnua oty Yuyohoyla . . . . . ..o 10
1.1.1  Boaowd ouvatoOAUaTo . . . . . Lo 10
1.1.2  Awotdoelg Twv ouvatonudtey . ... L 11
1.2 Avayvopiorn cuvaoUnUATeOY JECW QWVAG . . . . . . . ... 11
1.3 H npooéyyiorn g €peuvag Waug xat 1) Tpdodog TEpay T1¢ UTAEYOVCAS TEYVORO-
yuhc otddwone (state-of-the-art) . . . . . . ... oo o0 13
2 MeléTn YopAXTNELOTIXNOV 17
2.1 Ewaywyh omny mepayoOYR QOVAS . . . L Lo 17
2.1.1  Movtého mnyhc-gpiktpou (source-filter model) . . . . . . .. ... L. 19
2.2 XopoxtploTixd TEOoWBIC - .« « « v v o oo 22
221 Oepehddne ouyvémnta (Pitch) . . . o .o oo oo 22
222 ‘Evtaonevépyelo owhlog . .. L. 25
2.3 Xapaxtnpeiotixd @dopatog - XapaxneloTixd gwvntixic 060G . . . . . . . .. 26
2.3.1 MFCCs (Mel frequency cepstral coefficients) . . .. ... ... ... 26
2.4 Xopaxtnpiotxd yYhottdixob taigot (Glottal flow features) . . . . . . . . .. 29
2.4.1 Médodoc ypoppxhc npdBredne - LPC (linear predictive coding) yto
avTioTEOQO QIATEAEIOUA. . . o v v v v e 30
2.4.2  MéYodoc povtehonoinone pe dtaxpitd @iltpo pe uévo néroug (Discrete
All-Pole Modeling) . . . . . .. ... . Lo 35
243  ECayoyn yopoxtneloxmy and TNy XUPATORop®H TS TnYhs . . . . . . 37
2.5 Xapaxtnpiotied AM-FM . .. . ..o 40
2.5.1  Mn ypoupuxd Qouvoueva GTNY ToRAYWYR GWVAC .« . . . . . ... 40

3



4 Iepieydueva

252 Movtého AM-FM . 0 0 0000000 40

2.5.3  Iyfuo anodagdppwone AM-FM . . . .. 0000000000 41

254 Xoapoaxtnpouxd AM-FM . . .. 00000000000 44

3 Me£90d0L ETAOYAG YAEAXTNELCTINWDY 47

3.1  Alyéprdpor emhoyhc ue Bdon 10 mo600To avayveeione (wrappers) ... .. . 47

3.1.1 Emhoy¥| npoc 1 eunpéde (Forward Selection) . . . . . ... ... L. 48

3.1.2  Emhoy? npo¢ 1w niow (Backward Selection) . . . .. ... ... ... 48

3.1.3  Emhoyt| ye mpooixn xat a@oipeon yapaxtnoloTixedy o xdie Bhua . . 49

3.2 Alyoprdpor emhoyhc ue eqopuoyth edixol glhtpou (filters) . . . . . . .. L. 49

3.2.1  Ahydéprlpoc emhoyc pe Bdon to F-score . . . . ..o 50

3.2.2  Alydbpripoc uéyiotng oyetxdtnrac xat eAdytotou nheovaopod (MRMR) 51

3.3 XuvduaoTixdg ahyopluog EMAOYAC YARUXTAPIOTIXGY . . « . . . . . . . . . . . 52

4 Melétn TASWVOUTNTOV 55

4.1 Talwopntic pe yeron wiypatoc I'raovotavedyy (GMM) . . . ... .o 0. . 55

4.1.1  Movtého plypatog I'vaovatavedyy . . . .. ..o oo oo 55

4.1.2  TYrohoyioude mopapétpwy tou GMM . . . . .00 56

4.2 TaZwopntmic SVM (Support Vector Machine) . . . .. .. .. ... ... .. 60

4.2.1 TYrepeninedo doywplowold xou péyloto neptddpto . . . ... L L. L L. 60

4.2.2 Elpeorn BEATIOTOU UNEREMTEDOY . . . . . . . . . . . . . ... ... .. 62

4.2.3 llepintwon ypuupxmds un Sy wplotuwy delypdtewy . . . . . . . . . .. 62

424 Xvvapthoeic tuphva (Kernels) . . . .. 0oL 63

5 Ileipdpatal %ol ATOTEAECUATA 67

5.1 Bdoeg BeBoUEVODY . . L L L L L 67

5.2 Ilewpopotixd MAXIOIO . . . . . . .. 68

5.3 Tolwounonpe GMM . . . . ... Lo 69

5.4 Toalwounon pe SVM ue Bdon 1i¢ Sla0Tdoelc Ty ouvatoUnudTtoy . . . . . . . . 73
5.5 Talwounom pe duaded SVM oe tepapyind oboTnua Ye YeHom oY NUAToS TAEIo-

dnolac (majority vote) . . . . . . .. 79

6 Xuvunepdopata xou LEAANOVTIXES BeATIWOoELS 85

6.1 XUPREQACHOTA . . v o o e 85

6.2 TTwaveg ueAhoviixég BEATIOOEIS OTNY EPEUVA HOG . « « .« « o o o o o o o o o .. 86

Bibliography 88



Katdhoyog Xynuatwy

1.1
1.2
1.3
14

21
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19

3.1
3.2

4.1
4.2
4.3
4.4
4.5

Teoybc CUVAGUNUATOY . . . . . . . ..o 12
Yuvouo¥uato oTic 800 BIAGTACELS . . . . . . . ... 13
YuvoroOAuato 0TIC TEEl BIACTACEIS . . . . . . . o v 14
LT aVOYVORIONG TEOTUTY .« « + v o v o v e e e 14
Puvnuinée YopdEc . . . . . L 18
To avip®Onivo OOTNRA TOQAYWYNAS POVAC « « « . . . o o o oo 18
Foouuund oVTENO TUQAYWYNAS QOVAC . « . . . . . . o o o oo 20
Movtého napaywyhc QOVAC dPWVOY Xal ERGOYOY AYWY . . . . . . . ... .. 20
Avanopdotact neplodixig SIEYEEONS TNYAS -« - -« « « o o o o o 21
SUVapTHCELS UETAPORAS TOU PIATEOU TS QWVNTIXHC 0000 Yia SLdgopoug Yyoug 21
AvanopdoTact) nupaywyne ELPwvou fyou ato tedlo Tng ouyvotnTag . . . . . 21
Awodixaoto eCaywyng yopuxtnetotixwoy MFCC . . . . . ... ... 26
Iy TEOEVIOYUONG TOU ORUATOS QPWVAC -« « o o o o o v o o oo oo oo o 27
Yvotoyia gpihtpeyv xhipoxag Mel . . . . ..o 0000000 28
Pdoeic avtiotogou GIATRURIoHATOS .« . . . L L L L 30
FAoTUdNOE TAAUOS © . o v v o v o o e e 30
Pdoua cLVIETNONE AUTOCUCYETIONS TEPLODIXOY ONUATOS . . . . o o o o . o o 34
Ahyépwdpog TAIF . . . . . ... 36
IMhaioto avahuong xat YETENOY TAPUUETEWY TOU YAWTTIOWO) Tohwol . . . . . . 38
Apuovixéc Tou QAouaTog YAOTUSIXOU TAAWOD . . . . .. 38
Movtéha TapayOYNC QWVAS . . . o o o o o 42
Yvotoyla gpihtpwv Gabor . . . ... 42
Avdhvor ofjpatog oe AM — FM ouviotdoee . . . . . .. ... 44
XoapaxtnptoTind ue younhd Fscores . . . . . . .. Lo 50
Yuvduaotixdg alyopriuog emhoyhc 2 oTadlwy . .. Lo L 53
Miypa I'vaovotavey pag ETOPANTAC .« . o . . . o oL 56
Trohoyiouog ubypatog I'maovotovedy .. oo o 0oL 38
Trohoyiouog ubypatog I'maovotovedy . . . oo o 0oL 59
Awoywplopde derypdtov pe SVM . o 0oL 0oL 61
Trepeninedo yéytotou mepwwplou . . . . . Lo 61



Koatdloyog Yynudtwy

4.6
4.7

0.1
5.2
5.3
0.4
2.9
5.6

Hopdderypo Staywpeiopol e yahapd meprddeo . . . . . . . . ... 64
[apdderypo Sy wEloHol UE YENOT UN YRUUMXNAC CUVARTNONS TUphRvaL . . . . . 64
Yuvaio¥iuata ooy onueld 0ToV 3-Bd0TATO YORO . . . . ... 73
[epopyind cOOTNUA TUEIVOUNONS .« . . . . . . . . 74
Behtioyévo tepapyind oboTNUA TAEWVOUNONS - - - . . . . . .. 78
Tehixdg ahybprdpog EMAOYAS YOPUXTNEOTIXGY . o . . . . o oo 79
TTOCUGTAPATA YLOL TNV AVAYVORLOT] TOU CUVULOCUNUATOS TNS YoRdS .« . . . . . . 80
[ocootd avayvepione v 15 LTocUCTNUATWY Yio VO DLAPOPETIXG aPYIXd

OUVOAOL YOROXTNPIOTIXMY .« « « « v o o o e e e e 82



Kataroyog TTwvdxwy

5.1

5.2
5.3
5.4
9.5
5.6
5.7

5.8

5.9

5.10

5.11

5.12

5.13

5.14

ITocootd emtuylag oe 6houg Toug owhntég, ue yphon twv MFCCs xou tou
Pitch . . . . e e
IMocootd emtuylag otic yuvaixes, ye ypnon twv MEFCC's xou tou pitch
ITocootd emttuylog otoug avdpeg, ue yenon 1wv MFCC's xot tou pitch
ITocootd emtuylog 0TI YUVAIXES, HE YENOT CLVBUAGHOU TOV YopUXTHPIOTIXWDY
[Tocootd emituylog oToug AVBpES, Ue YPEHOY CUVBLUCUOD TWV YOQUXTNELOTIXWY
IMocootéd emruylag i Ti¢ TeEl; dlaotdoelc ouvatodnudtey . . . . . . . . . .
ITocootd emituylog cuvonoUnEdTeY Yio dvBees xat Yuvaixes 610 60oTNHA TOU
otnpiletar oTIC PUYOROYIXEC DLOCTAGELS . . . . . . . . .
[Tocootd emituyiog cUVIGUNUATOY Lol TOUS AVBPES 0TO BEATIOUEVO GUOTNU .
ITocootd emituylog cuVICUNUATOY VLo TIC YUVOIXES GTO BEATIOUEVO GUOTNUO .
Telxd mocootd emTuylag CUVCUNUATOY YLOL YUVIIXES X AVTPES 01O BEA-
TIOUEVO GUGTNUOL .« . o o
[Tocootd emtuyiog yio gender dependent avayvopion ue yerion tou FSS al-
YORUOUOU . . . L L
ITocootd emtuyiog yia gender dependent avayvietorn ye yefion tou BSS aA-
YORIOUOU . . L L L
ITocootd emtuyiag yia gender dependent avayviplon pe yeron Tou GuVOL-
oTixol ahyoplduou eEMAOYAC . . . . ..
ITocootd emtuylag yia gender independent avoryvidpion pe yprion Tou GuVSLO-

oTxol ahyoplduou emAOYAS . . . ...

70
70
70
72
72
75

76

76

7

77

80

81

81






Kegpdiaio 1

Eiwcaywyn

H avayvoplon cuvotcUpatoc anotelel EVEQYO XOUUATL TG €peuvag Ta Teheutaio Ypo-
via €yovtag wg x0plo 0toyo Ny Bertinwon tng emixoveviog wetadh avipdmou xo pnyovic.
To ocuvalotnua nailel Bacid pdho GTIC DIAMPOTWTIXES TYETES TOV AVIPMOTWY X0t TEQLEYEL
ONUAVTIXH TANEOQOoplo Yl TNV XATACTACY, TOU ATOUOU, TIg TEOVECEIC TOU, %ol TIC TEAEELS
Tou 070 dueco Yehhov. Tha va yiver mo dvetn, yehotun, xol EUYEIOTY 1) ETLXOVWVIA YETO-
&0 aviphrou-urtohoyloth, Yo mpénel 0 UTOAOYIOTAS Vol avTiAopfBdveTon To oLVACVNUUTA TOU
avlpodnou xou va avTidpd xatdAinia. Apxetol udhiota unootreiouy 6Tt 1 cuvacUnUaTIXY
eVQLIN TLY UTOAOYLOTAOV elval €€[00U ONUAVTIXT UE TNV UTONOYLOTIXY|, dQOU elval amapaitntn
yioo vou dtamiotewioly ol tpoTiioelc Tou xdie avipdnou xal Vo UTdpEEl TEOCupROYT| Tou Yo
dwoel mpayuaTixh dladpacTixdTNTa 0Ty emxowvevio. Tlapuxdtw avagépovpe epixée epap-
HoYég g avayvoplong cuvarothiuatog uéow guvic, 0Teg éyouv avageplel og UTAPYOUCES

€PEVVEC:

e Pourot vy yprion oto onitt anoxtolv cuvousUnuatixy vonuootvny xou yivovial To @i

Axd otouc avdphroue [1] .

o Eivor Yvwotd 6Tl TOMAG QUTOXWVATIOTIXG OTUYAUATA £Y0UY CUUPBEL oAV CUVETELX TNG EV-
Tovng Yuyohoyixhc @oépTiong tou odnyol. [ v anotpormr tétoiwy xwvdivey, éva
oboTAP avory vOpiorg cuvatoIiuatog wéow gwvic, Yo unopoloe va evtonilel TepinT@d-
oelg Yuyol, dyyous Xl ATOYOHTEUOTC Xl UE XATIAATAA punviuaTo va Tpoetdonotel ot

va npepel Tov 0dnyo yia Ty Ot tou aogdheta [2, 3.

o Ytov Topéa TV TNAETXOVLWIGY €xel avantuydel epappoyy) e To 6voua Voice Driven
Emotion Recognizer Mobile-phone (VDERM) [4], n onofa otoyeler oty petddoor
U1 Aex TS TANEOPORINS UECK TNAEPOVWY, UE TEQICCOTEQO ATODOTIXO XU OLXOVOUIXO
TPOTO ot oYEon Ue TNV UETAdooT Bivieo. Xuyxexpévo avti va petagépeton ohOXATEY
N exéVa Tou olthnT, Yivetan avaryvoplor Tou cuvacYRuaTog Tou Uow Quvig, xou
HETOPBANAETAL AVANOY O 1) EXPEUCT), EVOC TPOCWTOL 0TO TNAEP®VO Tou déxtr. Trdpyet

€101 YEYAAO %E€PDOC GTOV YPOVO XA TO XOOTOS UETAPORIS TOU OHUATOG.
o Ytov Toufa NG T xou TNg Yuyohoylag, 1 ueAétn ng enidpaong Yuyoroyxdy
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10 Kegdlawo 1. Ewaywyy]

aotadet®dy, 6nee eivon 1 xatddidy, oty vy Yo unopoloe va eVioyUoEL GNUAVTIXG

™V Jidyvwon Ty yiatpwy [5, 6].

Y11¢ ENOUEVES EVOTNTES TUPOUGIALOUPE TNV OVIAUGT] TWV CUVAGUNUAT®Y and TNy TAEURd
¢ emoThUNS g Yuyoroyiog xadeg xar Tov TpéTo Ye Tov onolo unopel va npayuatonomet

N Aoy vepior) ouvatodiuatog péow Govig.

1.1 To ocuvailcinua octnv puyoroyio

Yy avidponvn emxowevia propet xavelc va evtonioetl 800 Bactxoig dtadioug. Ytov npw-
10 yetadidovtar copy) unvipata (6nwe AEelc, TpoTdoel, YELpoVoriEs XAT.), EV®) 610 delTEpO
uToVVooLuEVA unvigata Tou avtxatontpilouy 1ig oxédelg, mpovéaelg, xar TNy Juyoloyixy
xATAoTAOY, TV aviponwy xdle ouypr. o tnv anocagriviorn tou deltepou xavolol, 1o
omoio TepthaPavel TNV XaTavonon Twy cuvatcUnudtey, cuveyilovtoa ToAES ueAéTeC.

To cuvaro¥iuata avagépovtoar otny Yuytn) xatdotaon mou Budver o dtopo. O xOxhog
TOUC AmOTEAE(TAL O wiot aAAnAouy o YeYovoTwy Tou Eextvdel pe To epétiola To onolo dnuloue-
vel Juyohoyués petaforéc, cuveyilet ue v avtidpaon o autd 10 ep€oua, xol TEAELWDVEL
He wior ouyxexpévr evépyeta tou edumnpetel xdnoto otdyo. To cuvaociruata Aowmdy dev
ovufaivouy Toté ubva Toug, ahhd amoteholy TNV avTidpaoy o€ XUTACTACE TG {OHS Xot YE
TNV OELpd TOug, OTaY EEMTEPIXEVOVTAL, TPOXANOVY XL AUTE VEES AVTIOPAOELS.

H onpacio twv ouvaionudtwy eivar Yepehioddne oty Luf twv avipodneny xadog pui-
wilouv v Yuytxy Toug vyelor xon naflouv xeVTEixd PONO OTIC DIAMPOOWTIXES TOUG OYEGELS.
Axépa ta suvanodfuata emnpedlouv Ty hoyixr oxédm, apol Torhéc popéc 1 cuvaicUnuaTixy
gu@uio efvar anapalTnTy Yia TNV AN AoYIX®V ano@dcewy.

Y10 yopeo ¢ Yuyohoyiug undpyouv 600 Bactxol TpOTOL TPOGEYYIONG TV CUVUCUTUATWY:
H npdn Yewpla utootneiler tnv Omaplr Soxpitedy Bactxdy cuvoroInudteny, eve 1 0elTepn

TOL AVOMOPLOTY ¢ oTnpela Tdvew oe Binokixole dZovee 2 ¥ 3 Braotdoewy [7].

1.1.1 Baowd cuvoucUuoTo

H Yewplo auth vrootneilet 6t undpyouv oplouéva Bactxd ouvaloYRUATE TOU TOQITT-
polvtar oe 6Aoug Toug TolTiopoUs Tayxooping. To cuvaic¥riuata oautd ebvar Stanprtd xou
10 xa¥éva €yel povadixr) PUGLOAOYIXT BIEYERDT Xou TEOTO EXBAALONG. Av xou uTdpyouy Bia-
puvieg yia To mold eivar axplBee autd Ta Buctxd oLVACVALITA, OTIC TEQIOGOTEPES EQEVUVES
Yewpolvtar w¢ Baotxd ouvaioOiuata 1 yoed, tn YAidn, o Yupds xon o @éBog.

It v gpumveloouy Ty YeydAT Totxihio ToV BlaQopeTIX®Y cUVUCUNUATWY TOU UTEEY LY,
ol UTOGTNEXTEC auTrg NG Yewplag ToTeEbouY TS Ta Pacixd cuvatcUHUNTE UTOPOUY Vo OUY-
ywveudoly €tol wote va tpoxiouy mapdywya cuvac¥iuata. H dewplo auty| elvar napduota
UE TNV MUY WYY TOU QACHATOS TV YPWUATRY and to 3 Bacixd yphpata. Xto oyfua 1.1
paivetar 0 Tpoydc cuvatoUnudtey tou xatacxebace o Plutchik [8] Véhwvtac va deiler ta

Baowd cuvaic¥ruata xon o TOpdY WY TOU TEOXUTTOLY and TG BIdpopes avopiZelc.



1.2 Avayvdpion ouvaodnudtwy uéow pwvic 11

1.1.2 Alwxotdoelg TwV CLUVULCUNUATLY

Optopévor epeuvntés Béhnoay va eCahelhouy Tor YELOVEXTALATO TN TRONYOUUEVNS TpO-
OEYYIONG, TO XUPLOTERA antd To OOl EIVAL 1) UTOXEWEVIXOTNTA OTNV EMAOYY TWV BACIXOY
ouvatoUNUATWY xou N W enaexnc eERYNOT Yiol Tov TeoTo avauellng toug. Ilpbtevay Aotndy
Hial VEQ TOQUPETEIXT TEOCEYYLOT), WOTE VA OVATAQACTHCOUY UE To aflOMoTO TEOTO 10 Qd-
oua Twv cuvatoYnudtoy. Eivaw yeyovoe 61t ta faocixd ouvaodpata Siapépouy we Teog TNy
évtaor), 1o Podud euyapiotnong xou tov Badud evepyonoinong. Eivon emopévwg hoyixy mpo-
o€yyion va Yewpndoly to cuVoURUATI WS CUVAPTNAOELS TV TELWOY AUTOV TUPUUETEWY XAl
vo avanapaototody g onuela oe Tpelg dlaoTdoelS: euyaploTnon, BIEYEQON Xl dpACTIXOTNTA
(valence, arousal, potency). H euvyapiotnon etvou 1 mo onpavtixd {cwg didotaoy, xadode wag
TAnpogopel Yoo 10 av 10 ouvaioUnua etvar Yetixd 1 apvntixd. H Siéyepon etvar éva pétpo
NS EVINONS TOU CUVACUARATOS Xt TS PuyohoYIXTC EUTAOXNC TOU ATOUOY OE AUTO, Xl Té-
Aog, n dpaoTtixdTna avtinpoownelel TNy aio¥non ehéyyou tou atépov oto auvaicYnua. To
000 MPWTA YUPAXTNPIGTIXG VOl TAL O GNUAVTIXS X GUY VA YENOILOTOLOUUEVA, YU auTS Xou

UTAPYOUY X0 avamopaoTdoels o€ dvo dZoveg (XLyhua 1.2).

1.2 Avoyvoelorn cuvalcUNUATOY RECWL PWVYNAS

Aedouévou 6Tt o1 avipwTol UETAPEPOUV UE TNV YOVY) TANEOPORid TOL PUPTUPE TNV GUVL-
oUNUATIX TOUS XATAOTAOT), YEVVIETOL TO EPOTNUA TwS Vo UTOPOVCUUE VoL AV VWPICOUYE YE
v Borfdela evdg nhextpovixol unohoyloth cuvatoiuota and otypdtuno govic. H andv-
tnom ebvanr avtgetwnilovtag 1o {Atua ooy Eva TEOBANUA AVaY VOELOTS TEOTOTWY.

O x\ddog g avary vptong meoTinwy avanthydnxe xuplwe Ty dexaetio Tou 1960. Xtdyog
¢ efvan 1) exnaideuvon evéc cuothpatog ue uedbddouc expdinone wnyavic (machine learning)
ue Baon xamota YVwoTd avTIXEUEVA XATolou Eiboug, €TOL (HOTE VoL VL BUVATY OTY) GUVEYELY
1 QUTOUATY) XU GWOTYH AVAYVORLOY VEWV-AYVOOTWY AVTIXEWWEVWY auTol Tou eldoug. Ta tny
exnaideuoT) TOU oLUCTAUNTOS amonteiTon Vo UTdpy el wa Bdor and dedouéva, Tou GTNY TEpinT®-
on pag eivon €var 6UVOAO amd MY OYPAPTHUEV OTIYIOTUTIA QOVAS UE YVWOTS GuVILGUNUATIXG

nepteyouevo. To Pacixd Priwata tne yedodohoylag avaryvoplong npoTinwy eivol To Tupaxdte:
o Ecaywyn yapaxtnplouxdy and ta delypata g Pdong.
o Emhoyt 1wV XAToAANAGTERWY YOpUXTNLOTIXDY.

o Emoy? cvotAuatoc-talivounty], xat exnaideucn tou ye BAoT Ta YApaXTNEIOTIXE TOVY

OELYHATOY.

o Katnyopionoinoyn véwv deryudtwy and 1o clotnua, agob mponyniet 1 eoywyr avti-

OTOLY WY YARUXTNPIOTIXGDY AN AUTA.
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Plutchik's Wheel of Emotions

[two-dimensional circumplex model]

[three-dimensional circumplex model]

Tyfua 1.1: O tpoyde suvaroinudtov tou Plutchik [§]



1.3 H mpocéyyion tns €peuvag Uas xou 1 Te6000S TEQAY TN UTHERYOUCUS TEYVOAOYIXTS

otduonc (state-of-the-art) 13
Active
Excited
Aroused
X Delighted
Fear
Tense Angry
Happy
Frustrated
Neg Pos
Satisfied
Miserable
Sad
Calm
Rel d
Bored e
Tired Sleepy
Inactive

Eyfua 1.2: Yuvaodfpota otic d0o dactdoerg [9]
Y10 oyfua 1.4 gaiveton mo topaotatixd 1 axolovdia Twv Bactxdv Prudtwy.

[a Tov 1p6T0 pe Tov omolo xatahiyouy Ta Selypato GoVvAc ToV atéuwy arodnxeuuévo
oe Bdoeic 6edouévy aTov UTohoYIoTH, pmopolue va Tolue ta e€nc. Apyxd N Govy Tou
arnoteheiton and xOpota nieone tou adpa, culhauBdvetar (nyoypageitar) and TO WxEOYKVO
XL UETATPENETAUL OE NAEXTPIXO ONHAL. XTT) CUVEYELN TO NAEXTEXO oUTO O AoBdveTon amd
TOV LTOAOYLOTH ot upioTatar Tig dtadxaoieg Tng derypatohndioc xo e draxpitonoinong,
OmOTE MPOXUTTEL TO TEAXS YNnPiaxd o PuVic Ue To onolo epyalOUACTE.

H dopn g dimhopatixic autic epyasiag cupPadilet ye v axorovdio twv Booixwy Br-
HATWY Tou TEoxUTTOuY Xatd Ty 00T Tou TpofBAfuatoc. 1o xe@dhono 2 TERLYPAGOVTOL
BLAPOPES HATNHYOPIES YAPUXTNEIOTIXWY PwVAE AW Xt 0 TPOTOE EEAYWYNS TOUS, OTO XEPA-
Aowo 3 pehetolvtar Pacinég péPodotl EMAOYAS YARUXTNPIOTIXWY, GTO XEPIANo 4 avalbovTal
T VoUNTES Xat 0 TPOTOG AELTOURYIUS TOUG, Xl GTO XEQAANLO 5 TapouaLdlovial ATOTEAEGUATA
and TEWRAUATO Aoy VIpLoTc oTo abotnua wag. Téhog, oto xepdloto 6 avagpépouue oplouéva

YEVIXS GUUTEQACUOTA.

1.3 H mpooéyyion Tng €peuvag pag xol 1 Ted0d0g TEQAY
NS LUTAEYOLOAC TEYVOAOYIXAC otddulonc (state-of-
the-art)

Yta mhafota TG SIMAWUATIXNS AUTAS, HEAETAUE DIAPOPES XATNYOPIES YALAXTNPIOTIXWY Y-

VAC Tou Pmopoly va Staxpivouy TNy cuvasUnuatixy xatdotooy tou olinty. Extéc and tig

eupltata yenowonomuévee oty Bifhoypagio, xatnyopieg twv yapuxtrnewotxwy MFCC xou
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anger

happiness

andiety

e, L
“-neutral

activation

boredom -

; 3
sadness valence

Eyfpa 1.3: Xuvarodfpota otig teeic daotdoeg [10]

Speech signal

feature
extraction

feature
selection

classifier
training

Yyfpo 1.4: Ytdda avory veplong tpotinwy

TV yopaxtnptoTxwy npocwdiag (Pitch, Energy), doxudlouye xou tnyv 1oy0 TV yopaxtnpt-

oux®v tou Yhwtudixol tohpol (Glottal flow features) xattde xon twv AM-FM yopaxtnpt-

otxwyv. Ilpoonadolue vo cuvBLAGOUPE TNV BLOXELTIXT IXAVOTNHTA TWV JIAPORWY XATIYOPLDY

YAEUATNPIOTIXAY, YENOULOTOLOVTAUS AAYORIUUOUE ETMAOYAS YALUXTNPIOTIXGY BLdPopwy TOTWY.

[a 1o telixd 01dd10 NG avary vapiorg, neipapati{opacte xuping we toug talivountéc GMM

xot SVM xan ouyxpivoupe 1o anotehéopota. Mépog tne dimhwyatixfc dnpoatedinxe oe ou-

védplo enelepyaociag Aoyou (LREC 2012) [11]. TMapoxdtw cuvodiloviar ta mo ongovTixd

onuela TNG SIMADUATIXAC:

e T6c0 T yopaxTnEtoTiXd YAWTTOOU Takuol 6o xat ta AM-FM, €dei&av va oyetilov-

TAL UE TO OUVUICUTUA GTNV PWVT, X0l O CUVDVACUOS TOUG UE TIC XAUCOIXES XATNYORIES

yopaxtnptotixov (MFCC, Prosody) Behtiwoe ta teMxd anoTeAéoUata avary vapLong.

o [ TNV amoTeAEoUATINY ETUAOYT, YUQUXTNPICTIXGY, DoXUAoTNXAY Xou oAy Sprduol @ik



1.3 H mpocéyyion tns €peuvag Uas xou 1 Te6000S TEQAY TN UTHERYOUCUS TEYVOAOYIXTS
otduonc (state-of-the-art) 15

tpou (F-score, MRMR), oAhd xat ohydprdpor mou eZoptdval and 10 T0GO0TS avary V-
ptone tou tavounth (FSS, BSS). Etnv dettepn xatnyopio, tapatnehdnxay xahldtepa
anoteréopata e yprion tou akyopituou BSS (Backward sequential selection) oe oyé-
on pe tov FSS (Forward sequential selection). Ta xahOtepa cuvolixd anoteréopata

Tpoéxuday e Tov cuvduaoTixd akydpriuo emhoyc dbo otadiov (MRMR4BSS).

o Me ypfon twv alyopiduwy emhoyig, damotdldnxe 6t 1 xodeplo and Tic Yuyoro-
Yixég SloTdoeg TV ouvaoYNUdTwyY oyeTileTal TEPIOGOTERD UE DIAPORETIXEC OUADES
YAEAXTNEIOTIXWY. Axdun oe dhho nelpapa Peédnxe 6Tt 10 xUTAAANAOTERO GUVOAO yo-

PUXTNEIOTIXWY Elval BLapopeTind Yia xdie Lebyog ouvaroUNUATWY.

® Y70 TUO EMTUYNUEVO ATO TO TELQUUATA, XUTAOXEVACTNXE LEPUPY X claTnua Tagivoun-
orng 1o onolo otnpeiletar oe cuyxpioelc avd 500 TwV CUVUGUNUATWY PE YpHoY duadlxod
SVM. Me ypfion tou akyopituou emhoyhc 800 oTadlwy Tou mpoteivoule, emAEYETOL TO
BEATIOTO GUVONO YAPAXTNEIOTIXWY Yio TOV dlaywpeltopd xdde (evyous ouvaodnudtwy,
XL OTNY GUVEYELY, 1) TASIVOUNOT] YIVETAUL GUUPOVA PE TO oY Tou majority vote. Ta
TEMXA AMOTENEOUATOL AVOLY VPLOTC EiVOL GUYXPIOLUOL UE To XANDTEQA EQEVYNTIXG AMOTEAE-
opata otny Bifhoypagio yio Ty ouyxexptuévn Bdor dedouévwy [12], yenotponoidvag

OUWS APXETY UXPOTERO 0ptIU6 and ECAYOUEVO AXOVUGTIXG YOQUXTNEIOTIXA.

o Téhog, oe Gha 1o metpdpata eMPBEBUOUNAE 1) UTEPOYT TWV CUCTNUATWY TOL Y ENOLLO-

TOL00V TNV YVAOOT Tou QOAOU TOU OWANTY.






Kegpdiaio 2

MEAETN YALAXTNELCTIXWDY

Ytny evotnta auth] Yo TUpOUCLICOUNE TG DIAPORES XATNYORIEC UXOUCTIXWY YOQUXTNPL-
otux®v Tou Vo e€dyoupE omd To NYOYEAPTUEVA CTIYMOTUTA TWV OWANTOY, YE OXOTO TNV
AVAYVOPELOT TwV ouvacUnudtwy toug. llpoomadolue va yenowonowooupe 1660 xatnyopi-
EC YOpaXTNRIo TGOV Ttou oyetilovtar napadootuxd ue epoupuoyés avayvaptone govhc (Pitch,
MFCC), 660 %o ye yevixd Arydtepo ouvniiouéves xatnyopiec mou delyvouv wotdoo vo oye-
tiCovta pe 10 cuvaictnua oty v (Glottal Flow, AM-FM). Ered) ta nepiocdtepa yo-
paxtnetoTixd oyetilovion Ye tol pordnuatind LovTéAd TOU YEMOULOTOOBYTOL Yo TNV TEPLY POPT
TOU UMY OVIOHOU TOQAYWYNE NS QVAS, XPIVOUUE YENOILO VO TOPOUGLICOUUE oY LXd XATOL

YEVIXA OTOtyEld VLo QUTHY.

2.1 Ewaywyh otny nopayny @ovAc

To povntid bpyave eivor ot Tvelpoves, o avamveusTixde owhhvas, o Apuyyas (bmou
UTAEYOUY Ol QWYNTXES YOEDEC), 0 hatpde, 1 woty %o 1o otépa. Ola pali autd to dpyava
oynuatiCouv éva uynTIxd cwAvVa Tou EXIVAEL And TOUG TVEVUOVES Xl XATIATYEL 0T YEIAN
(Eyfua 2.2). To tehevtaio twhua Tou cwAfva anoteeitor and tov houpd xon 0 GTOUA Xal
ovopdleTtar poVNTIXT 006¢.

H mnyh tne evépyetag yio TNV mapayoyh e @ovAc efval o afpag Tou QedYEL and TOug
nveluoveg xatd Ty exmvor. O adpag autdg diépyeton PEoA Amd TOV OVUTVELGTIXO GWARVA
XL PTAVEL GTOV Mdpuy Yo GTOU LTEYOUV Ol PWYNTIXES Y0pdEc. Moppohoyixd ot puynTixég
Y0p08Ec eivon eEAUOTIXEC TTUYES GUVBESULY oL EVOVOVTAL HETAED Toug oVo oTo Tpdatio Tur-
KoL EVE Umopoly va anopaxpuvioly oto oniodo. ‘Otav ol povntiés yopdés eivar avolytég, 1
O™ TOU 0EPX TEQVAEL UETU UG TO AVOLYUO TOUS TOU €xEl oyfua "V’ xat GTAVEL GTNY PuYNTIXT
006, evdd 6tav elvon xhetotés anotpénouvy Tty pon tou wfpa (Lyrua 2.1). ‘Otav whdye, ot
pwvnTixég Yopdéc avoryoxheivouv Yeryopa, xataxcppati{ovtag €Tat T oY) Tou aépa oE pia
axohoudio and dxontépevee pdlec aépa (pufls), n onoio unopel va axovotel we évac BépPoc
(buzz), Tou onoiou 1 ouyvétnTa e€uptdtar and Tov pUIKS TEAGYTIWOTS TOV PWYNTIXMY YOp-
dwv. IMapdhhnha xotd v Sidpxeta Tng outhlag ahhdler xo To oy fua NG GEVNTIXAS 0000 e

ATOTENEGHO VO LETUBIAAOVTAL O Ol OXOUCTIXEC TN WLOTNTES Xa Vo TopdyovTan €TGL oL Bid-

17
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Yyfua 2.1: Khelowo xon dvorypo twv @uvntixody yopddv [13]

popot ot tou entdupolue (Eyhua 2.6). Me dhho Adyta 1 povntixt 0d6¢ elvon évag cwihvag

TOAOTAOXOU GYAUATOS O 0Ttolog UETUBEAAETAL Xat AEITOVPYEL G CUVTOVIGTRS GUYVOTHTWY.

Or neplocdtepot ol mapdyovtan Ue Tov TpéTo nou meplypdaue mapandve. Trdpyouv
WOTO0O XAl XATOIES XATNYOPIES YWV Ol OTOIEC THUPAYOVTAL PE EAAPEAOS DIUPOPETIXG TPOTO.
"Etot undpyouy ot TupPiddelc fiyor énwe to olupwvo /s/ ot onolor mapdyovtor ge Ty O7-
wovpyia xdnolag oTéEVWONS xatd Uixog TNg GuvnTixAg 0000, xal oL expnxTxol f)Yot, 6TwS To
obugwvo /p/, ot onolot mapdyovton ye otrypaio Stoxonh e pofc Tou afpa (@edlovtag e

yeiha-06vTiar) xou Ty andtoun aneAevdépwon TS ot CUVEYELL.

Yo oyfuoata 2.1-2.2 galvovtol oTyOTUTO At TO GVOLY A Xl TO XAEICILO TV POYNTIXGY

YOPOWY, xoMS KoL 1 AVATOUIN TOU GUVOAIXOU YWVNTIX0) GUOTAUATOS GTOV dvYpwTo.

Syfua 2.2: To aviponvo olotnua tapaywyhc ovic [13]
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2.1.1 Movtélo nnyhc-@iltpou (source-filter model)

To 1960 o Fant [14] eiwofyoaye éva anhéd podnuatixd yovtélo yia va npooeyyloer Ty
dradxacia TapAYWYNHS TS ORALNG. LOUQWVR JE AUTO, O UNYOVIOUOS TORUYWYNS TNG POVAC
uropel va ovtehonomdel g 1 €€0dog evog ypopuxol @iktpou To onolo Seyelpetar and pio
aveldptnty and autéd Y. Tov pdho tou ypauuixolh @ihtpou €yel 1 @wvnTiX 006¢, v
ToV pOAO TNG TNYHC €)EL M EOT| Tou aépa Tou ByalVel UE XATOW GUYVOTNTA ATO TIG POWYNTIXES
YOPOES.

Ou Baowxéc vnodéoeic tic onoleg xdvel To wovtého autod eivar dvo: A) ‘Ot 1 pwvnuxt
0d6¢ ouuneptpépetar we éva ypouuxd @iktpo dtav deyelpeton and xdnow pot| aépa. B) Ou
oL YOVNTIXEG Y0pdég xou 0 BouBog mou mapdyouy elvar avedpTnTES And TOV CYNUATIONS TNg
POVNTIXTE 000U,

‘Ocov agopd 6ty Te®Tr Tapadoyy), yYvwpeilouye 6Tt éva cboTnua Tou anoteieitan and
0Lab0y1x00¢ GWANVES UE GTEQEN TOLYWUATO Xt OEV TEPIEYEL AMOTOUES Xot Aty UNEES AMOAAEEIC
AT YHXOC TOU, CUUTEPLPEPETOL GOV YPUUULXO OXOUCTIXG GUGTNUA YLd i) 0US hoYIXnE EVTaoT..
H povntie 0d6¢ unopel vo Yewpniel oe peydho Padpd ¢ €va 1€1o10 oLOTNUA and Blado)y1x0%¢
OWAAVES UE oTépea ToLOUaTa (av oy VOHGOUUE TNV ENCTIXOTNTA TOL UNHPYEL OTA UAYOUAD).
Mropotlye 1ot vo Jewprooupe Y wplc UEYAAO GPIALL TOV GOVNTIXG GWATVOL GOV VAL YRUUUIXO
OXOVOTIXO CUCTNU.

‘Ocov agopd otnv deltepn napadoyr, auTd Tou LoyUEL oTNY TEddy elvor OTL 1 GOYNTIXN
006¢, xaddg xivelton Yoo var UETABAAAEL TOV oyNUaTiond Tne, ennpedlet oe éva wixpd Padud
xou Toug Wieg Tou eAEyyouy TIC GwvnTixég yopdéc. Ilapdhhnha xdnoec gopéc éva uépog g
EVEPYEWIC TG LOYVERC TEWTNG CUYVOTNTUC CUVTOVIoHOU TNc Pwynuxic 0dol (1st formant)
ATOPEOPATAL ATO TS PWVNTIXES Y0pdES ennpedlovTtag TNy pot, Tou afpa mou mapdyouyv. To
PavOUEVO oUTO Yivetar TO €VTOVOo OTAV 1) TEMTH OUYVOTNTH GUVTOVIOUOU TANCLAlEl GTNY
VePehddn ouyvOTNTA TV POVNTIXGY Yopdwy. Acv eivor etouévg Telelng aveldpTnta aTny
mpaypatxdTnTa. 201600 0 Baduds e€dptnong UETag) TNE TNYNASC XA TNS PWVNTIXAS 000U BEV
elvoll Xl TOGO UEYHAOG, XU JpO WTOPOVUE TEOCEYYIOTIXY VoL OEYTOUYE Xt TNV 21 Tapadoy).

Kévovtag autée tic 800 napadoyéc mpoxnTeEL 10 anhonoinuévo Loviého mnYric-gihtpou.
To povtého autd TapdTL €ivor TEOGEYYIGTIXG X0l ATAG, XATAPEPVEL VUL TPOGOUOIOTEL TOV YEVIXO
UNYOVIoRO Topay Y TS GOVAC ot Yiot autd €yet xadepwiel xou yenotponoteiton péypt xat

OTUEPN OE TOAAEG EQUPUOYES UE ETLTUY (AL

EOpQwva e 1o wovtého tnyhc gihtpou, av s efval To 0 TN POTIC TOU AEQA TOU TAUPAYETOU
and v Ty, xaw V(z) 1 ouvdptnon Uetapopds Tou Yool Giktpou e uvntixrc 0dov,
TOHTE TO TEAMXO O PVIS TPOXUTTEL aTNY €£000 Ue TOV TpOTO Tou QuiveTton oTo oyfua 2.4.

Edv yeletriooude 10 oo VRS G Uixpo yeovixd dldotnua tne 1dEng twv 25-30 msec,
uropotpe va Yewpriooupe 6Tt 0 @ihtpo elvar xar ypovixd auetdBinto. Etot dedoyevou ot
N QwVNTIXY 006¢ eivon QIATEO YpoUXs Xou YEOVIXA AUETIBANTO, 0TO TEDIO TWV GUYVOTATWY

oy et n oyéon 2.1:
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Filter

>p
Source ——»| V(z) —— Speech

Eyhua 2.3: Fpopuind povtého mapaywyhc @wvhAg

Sp(z) = S(z) - V(z). (2.1)

Yuyvd npootiietan oav Eeyxwplotd giktpo N enidpaot TwV YelAdY oty €080, Ue GUVIE-

o petagopds R(z), ondte npoxintel 1 oyéon 2.2:

Sp(2) = S(2)- V(2) - R(2), (2.2)

émou 1 ouvdptnon uetagopdc R(z) tov yethov npoceyyiletar ouvilwe ue wior ypopmxd
ouvdptnon otadeprc xiiong.

Y0uowva ye To ovitého tou meptypddaye, undpyouy 800 Pacixol TpdTOL Yid TNV TUpAY WYY
pwvhc: LNy tepinTtoon Twv Eupuvey fywy, Vewpolpe 6Tt To ofua e tnyhc (dnhadr o aépag
ToU PevYEL antd TIC PLVHTIXES Yopdéc) éyel meptodixt| wopet]. To ohua yapoxtnpeiletar and tny
VeUEADOY ouYVOTNTA TOU, TERLEYEL OUMC XAt JPUOVIXEC GUYVOTNTES Ot omoleg elvon oxépona
nohhanAdota Tne Yepehiddoug.

Y1y nepintonon 1oV dpwveny Ay, 5V UTERYEL TOAGYTOOT TOY GWVATIXMY Y0pdWY, Xt TO
ofua TG Ty he mou deyeipel To giltpo VYewpeitar dTL elvon YopuBog. To povtéro mapaywyhg
NE POVAC Yd TG U0 TEPINTWOELS YWV QaiveETal 6T0 oyApa 2.5.

Télog delyvoupe Ye Uepixd oy AUAT Tt CUMBAIVEL GTOV YOPO TWV CUYVOTHTWY GTA BLAPOEA

0TdB Topay WY NS EVOS GTIYUOTUTIOU QWVAS, GUUGOVA TEVTOL UE TO POVTEAD TNYTc-pikTpou.

PITCH
PERIOD
IMPULSE
TRAIN VOICED/ VOCAL TRACT
GENERATOR UNVOICED PARAMETERS
SWITCH 'D'
TIME -VARYING
ulnd o2y DIGITAL  |— >
\T/ FILTER sin)
RANDOM G
NOQISE
GENERATOR

Syfua 2.4: Movtého nopaywyhc dpnvey xo Eupwvmy fiywy [15]
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AMPLITUDE —=
AMPLITUDE ==

L AR

TIME— FREQUENCY ———s-
(a) (b

Yyfua 2.5: Avanapdotaoy nepodixfic diéyepone mnyric (o) oto medlo tou ypdvou, (B) oto
nedio twv ouyvothtwy [13]

PHONETIC MX-RAY MCTURE ACOUSTIC
SrMBoL OF MOUTH SrLCTRUM

FREQUENCY =

el
-
o

FREQUENCY —

Yo 2.6: Buvaptioelc UETAQORAS Tou QIATEOU NS QWVNTIXAS 0000 Yid BLAPopous Ny oug
[13]

AMPLITUDE ==

T

FREQUENCY ——=s=

AMPLITUDE —a

N il[]

FREQUENTY e FREQUENCY ——

5(z) Vi(z) Sp(z)

Yy 2.7 Avanopdotact napayoyhc Euewyvou fiyou oto medio tne ouyvétntog [13]
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2.2 XopaxtneloTixd Tpocwdiag

Me tov 6po “yapaxTtnploTixd npocmdios” EVVOOUUE T YapaxTneloTxd exelva tou oyeti-
Covton Pe TNV ToVxOTNTa XL THY EvTaon g govic. To xupldtepa eivon 1 YeueMwdng ouyvo-
e (pitch) xar n evépyera e povic. Ta yapaxtnpiotixd tpoowdiog éyouv yenotponomiet
EUPEMC GTNY EPEUVA TNS ALY VORLONE ouvatehiuatog péow Quvhc pe exttuyia [16, 17, 18, 19].

2.2.1 Ocpelnddng cuvyvotnta (Pitch)

Me tov 6po pitch evvoolue v Baocwxr) ouyvétnta ue tnv omolo €vag fyog yivetan avTi-
Anrtéc. To pitch anotehel Yepehidomn wiotnTa evoE you 1 onoia xodopileton queca and TNy
oLUYYOTHTA TWV XUPdTWY Tou ToV Ttapdyouy, xaut petpiétar ot Hertz (6nwe xar 1 ouyvétnta).
E&aptdtor wotdoo oe xdmowo Badud and 1ov 1p0n0 Ye Tov 0nolo To avipmrivo auti avTiloy-
Bdvetar Tov Hyo xou YU autd €xet mpoBhnuatiost apxeTd o axpi3ig oplouds Tou.

To pitch cuvAidwe cuvdEeTal PUE TNV AROCTACT, TWV CLUYVOTATWY TWV VPUOVIXKY 1) oTola
elvan {om pe v ehdylotn-Bacixy cuyvétnia Fog tou oruatog. Eyer xadicpwiel hotndy va
uetpdue oav pitch tnv Yepehiddn cuyvoTnTa EVOC GHUNTOS, OTNV TERINTWAY TOU aUTo €yEl
Teptoduxt] 1| mepinou mepLodIXT LopPY.

H depehiddng ouyvotnta tou ofuatog Eyet yenotponomiel cay yapaxtnplotxd oyedov
0€ OAEC TIC €PEUVES YLOL VO VPLOY) OLVAUCUAUATOS UECW PWVAC, YEYOVOS TOU elval evOeEIXTI-
x6 g dueong oyéong Tou pe TV ouvatoUnpatixy xatdotaon tou owAnty. H axpifrc xou
o&tomoty extipnon e Vepehiddoug ouyvotntac Yewpeitoar dUoX0hO TEOBANUA, XaL Yo TNV
enthuon tou €youv avantuylel apxetol alydpriuot.

Yy S| pog €peuval, Yol Tov UTOAOYIGHO Tou pitch yenoonomooue Tov Yvwot6 ahyo-
pwpo RAPT (robust algorithm for pitch tracking) [20], o onofoc Vewpeiton 6Tt emtuyydver
oZIOTOTEG EXTIUNOELS TN VEUENOBOUS GUYVOTNTIC EVOSC OHUATOC XAl HAALOTO Ywelg VoL EN-
pedleton raitepa and v Umopdn Yoplfou. H hettoupyia tou akyoptiuou cuvodiletoa ota

TOPAUX AT BruaTta.

1. KavovixoTomnuévy cuvapTnomn AUTOCUGYETIONG

O aiyoprdpog unohoy(let wa extipnomn tou Fo nou avtiototyel 6to xdie mhaioto avdiuong
(frame) otnEilbuevoc GTOV UTOROYIOUS TNS XAVOVIXOTOMUEVTC AUTOGUOYETIONS TOU OHUATOC.
210 i-0016 TAUIGIO AVIAUGTC, 1) XAVOVIXOTOMUEVT, GUVERTNOT AUTOooUoYETIoNG divETow amd TNV

TOPOXATE OYEOT:

Zm+n_13‘3'+k j+n—1

j=m 777 2

fie = Jm . pE e = Z s7. (2.3)
mbtm+ i=j

6mou n eivon 1o WHX0S TV TAUGIOU, XAl T = 1 * N.
2, 2. 7. 7
Onwe gatveton 1oy bet 6TL
1< firg<1 (2.4)
eV oL TWES TNg ouvdptnong telvouv va eivon xovtd oto 1 oc Véoeic tng petatoniong k mou

AVTIOTOLYOLUY of oxépoud TOAAATAOL TNG TEELOBOU, OTAV TEOXEITOL Yiol TEPLOBXE oRUATOL.
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Avtideta 6tay To ofjpo pog elvar ameplodixd xon €yet Tuyaia wop@h Onwg my. ouuSaiver ue
eva Tufpa Aeuxol Yopifou, téte ol TéS g ouvdpTtnorg eivan xovtd oto 0. H Baoudd 16éa
Aotmoy elvar 6TL To TERLOBINS GTUATA EYOLY TEPLODLXNE LOPPHE AUTOCUCYETION XAl ETOUEVWS 1|

Vepehddne ouyvotnta avalnreitar uéow authc.

2. lo mépacpa o€ AVIiYEAPO TOL CHUATOE TOU TEOXVUNTEL LOTEPA ATO
UTO-BeLY LaToAN Pl

Yov mpwto BAua, o alydprduog yenowonotel éva aviiypapo tou ofuatog To onolo eivo
SELYHATOMTTINUEVO OF apxeTd uxpdTtepo pudud ot oyéon e o dpyixd (F's' << Fs). Tty
OLVEYEW Aol UTOAOYIOEL TIC TWES TNS XAVOVIXOTOUNUEVTS AUTOCUGYETIONS YIX AUTO TO G

Pdyver yia tomxd péytota to onoto Zemepvolv éva dedouévo xatwght (threshold).

3. 20 TEPACUA OTO ARYIXO OHUX

TrohoYloUoS TN GUVERTNONE AUTOGLOYETIONG TOU PYIX0U GHUATOS, UOVO OUWS OTIC TE-
oloyéc 1wy k mou emiéydnxay and to nponyoluevo Bhua cav Yéoeig Tomxwy yeyiotwv. Me
auTd TOV TPOTO LTOAOYILOVYE O AETTOUERELS EXTWACELS TNS TRAYUATIXHAC VEGTS TV TOTXWY
HEYloT®wY oANE xou Twy TAaTeOY Toug. ‘Okeg o véeg Véoelg Tomxwy Yeylotwy nou PBeioxovtat
and autd 10 20 xou uPMhoTeEpNC axplfeiag tépaoya, anoteroly TiC utodhgieg VepehddES Gu-

yvotnteg Fo yio autd 1o mhaioto.

4. EmAov? tng cwotig Yepeliwdoug ocuyvotntag Fy pe ypnon Suvaut-
%00 TROYPAUUATICROV

Y10 tehind autod Prina e@apudletal SuVUUIXOS TREOYPAUPATIONOS Yo v ELAey Vel 1) %oth-
tepn urofigia Fo yio to xdie mhaioto, cupnepthapgfoavouévng xat tng undevixfc oc neplntwon
mou 1o mhaloto xpwlel we dpwvo. H emhoyh g xakltepng Fo yia 1o xde mhaloio yivetou
HE Yerhon xdmoiwy ouvapThoewy x6aToug Tou opiloupe Tapuxdtw. A&iCel va Tovicoupe 6TL 1)
enthoyt e xdde Fo e€aptdton and tic emthoyég mou yivovtal xar ota yertovixd mhaiota. Etot
ouclaoTXd 0 ahydprdpog ddyver Yio €va BEATIOTO, and dnodn GuVORIXOU xOGTOUS, HOVOTYTL
and YeUeMWOELS GUYVOTNTES.

OpiCouue o TOoMAS A60TOC YL THY EMAOYY TNG J-00TH¢ unodrplag teptddou L; ; yia to

nhaiolo 7 we:

dij=1-Ci;-(1-0b-Lij), 1<j<I (2.5)

EVO YId TNV povadixt] tepintwor nou Yewpolue dgpwvo to mhaioto, T0 Tomxd x6GTOg Elval:
di.t =V + max (Cij), (2.6)
omou oTic Tapandvew oyéoeig pe C; ; ouuBohiloupe Tny Tiwy Tou Jj-00100 TomX0) UEYIGTOY TNE

OLVEPTNONS AUTOGUOYETIONS fikx OTO Thaiolo 4, xou pe I; Tov apripd TV LToPRELY GUYVO-

4 4 Z 4 Z 7 . 4 Z
THTeY Tou Tpoéxuday Eneita xau and To 20 mépaoua Y To mhaioto i. Ta b, V eivon otadepéc.
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‘Onwe gaivetan and v oyéon 2.5 10 Tomxd x607T0¢ Yia TV €MAOYH NS J unodfigLag cuyvo-
ThTog ebvon UixpdTeERo Yo UEYIAES TIES Tou TAdtoug Cjj OTNY GUVERTYNOT AUTOCUGYETIONG,
eve 1 i b pog emtpenetl va puduicoupe tov Bodud 6Tov omolo WxpOTERES THIEC TEPIODWY
Yo mpotiu@vTon oe ayéan ue ueyahltepes. Lty oyéon 2.6 gaivetan 6Tt T0 *xGOTOG YOEAXTY-
plouol evog Thaolou ¢ APevo elvar UEYAAO STaV oL LTOYNPIEC CUYVOTHTEC €YOUV UEYdAa
A&ty oty cuvdpTtnor avtocuoyétione. H otadepd V' anotehel xatdd@Al o onolo unopolyue
va to puduiCouue avdhoyao Ye TO OO oS

OpiCoupe oty ouvéyeta Tig ouvapthoelc xdotoug petdBoorne. Kdéotog petdBaong and

EUPWVO o€ EUPuVo TANIGLO:

Oijk = F xmin{& jr, (J + &6 — In(2)])}, (2.7)
L;; .
ijk=lln——[, 1<j<IL, 1<k<Iiy, (2.8)
L1

émou F' xan J otadepée, o & ;i 0 Aoyaprduindg Adyog tng j-00ThC urmodriglag Teptodou Yia
10 mAalolo 4, TPog TNV k-00TY unodripla tepiodo yia To mponyoLuevo mAaicto, ¢ — 1. ‘Onwg
QalveETAL An6 TIC TPONYOVUEVES OYECELS, TO xOOTOS UETAPoong auddvetal 6Tay auddveTtal xat
7 SLopopd UETAEY TV VEPEMMOOY GUYVOTATLY TwV Yertovixwy thuciwy. H otadepd J pog
emtpénel vo puitpilouye 10 x60TOC TOU GAYITOS OXTHBAC.

Kéotoc petdfaong and dowvo o€ dgpwvo mhaiocto:

0i 11,1 =0 (2.9)

Kéotog petdfaocne and éupmvo o dpenvo thaiclo:

itk = Va+ V- Si + Ve -1y (2.10)

Koéotog petdPaong and dowvo o€ éupuvo nAaioto:
Oijjlioy = Va+ Vo S+ Ve/rmi, (2.11)

6ToU 09 (0
. rms(t

g o rmstt) 2.12

T D1 -08 T rms(i—1) (212)

xou T Vi, Vi, Ve ebvan otadepée. To S; elvan avTioTpdgws avdhoyo g @aouatixis andetaong
Itakura tou ofjpatoc (D) unohoyiouévne 6to olvopo twv mhasiwy i xou i — 1. Edv 1o i-
0016 mhaloto mapatnpeitan adENoT TOu TAGTOUS TOU oNUATOE OE OYEON UE TO TEONYOLUEVO
mhadoto, tote rry; > 1, adwg 1 < 1. Ot duo auTtéc ToGOTNTES YENOWOTOOHYTOL Yol Vol
HELOOOUY TO x60T0¢ ahharyhic pwynuxic xatdotaone (and €ppmvn ot dpwvn R avtiotpopa)
OTIC MEPITTWOELS TOU TO PACUA 1 TO TAUTOS ToU oNuatog PeTaBAndoly oyetxd yeRyopa xou

AmOTOUOL.
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Mropolue tpa va oploouge Ty avadpopr) mou utoloyilel TNV cuVAPTNOT TEAXOU XO-

otoug Y xdde mhaioto avdAuong .

D;j=d;j+ min (Di_1x+ i) (2.13)
kel

we apyixéc ouviixes  Dp; =0

Ytny avadpoun gatvetar 6Tt T0 TEAXO x00TOC EMAOYNSC TNS j-00ThS unodigrag Foy yio
10 1-0016 TAa{olo eapTdTal And TO TOTUXO XOCTOC XA And T0 XOOTOC PETAPUOTG and TNV
TpONYOLUEVY XuTdoTaoT. XT1oyo¢ elvan 1 ehayioTonoinoy Tou x6otoug D; ;i yio xde mhaicto
1.

[ xéde xatdotoon xaw o xde TAaoI0 XPATIUE TOUG BEIXTES ¢ 5 = Kmin €TOL WOTE VO
UTOPECOUNE PETA VoL AVaXTHOOUPE TO BEATIOTO YOVOTATL and VEPEAIWDELS CUYVOTNTES, ONAUDT
v tehxd| extiunom tou Fy (Fo; =Fs / Lij ) v xéde évo and ta mhaioto.

O ahyopripoc RAPT éyel equpuociel pe emtuylo oe apxetéc meployés eneéepyaoiog
PuVAC OTwe eivon N avayvepetoT xou 1 ouvieon gwvhg. Av xat €yel auinpévo LTOAOYIOTIXO
x60T0¢ 0t oyéon ye dhhec anholotepec mpooeyyioewe (amdf method, cepstrum method)

xepdilel ot oflomotio xou o axplBeta xon YV auTtéd TpoTiRUNXE 0TV EpEuva LoC.

Pitch xou cuvaicOnua

‘Ocov agopd oty cuuneplpopd Tou pitch ota didgpopa cuvaoUAUATA, Ol TEPIOTOTERES
€peuveg €youv xatahiZet oto 6Tl To pitch €yel peyolitepn wéorn T xat eVpOg TGV O
Yoed %o oto Yupd, v WxpoTEREC TWEC oTNY AUTN Xou TNV anooTpo®h. 210 Yupd €youy
Beedel andtopec dranvpdvoelc tou pitch, eved otn yopd €yel mo opary| mopelo. Pdivovoa
nopela TV TGV Tou napatneeitar oTo ouvatoiuata e AVTNS xat g anootpoghc [21].
Téhog, yia Tov @6fo €youv napatnendel mohld uPmiéc Tiwée Tou pitch ye peydro ebpog xou
xavovixt| dtaxouavon [22].

2.2.2 ’'Evraorn-evépyeia opiiog

[o v evépyeta g opthiag,n onola oyetileTan dUECH PE TNV EVINOY TNG PWVNS, €YOUV
yiver tohég épeuvec [18, 23, 24, 19]. Xe pla pdhota [24] éxer Ppedel b1t yopaxtnpiotixd e
EVEQYELNG TOU ONUATOC, OTWS 1 WEYIOTY Tn, 1) Sidpxeta Tou UEYLoTOU ETEDOU TNE Xt 1) xhion
TN¢, Eval TOAD To anodoTxd o oyéom Pe GANA yopaxTneloTixd Tou pitch xau twv formants,
eldd 6oov agopd otr yuvaixeia pwvi [23].

Yo dixd pog metpdpata, vrohoyilouue T evépyela Tou oRUATOS avd TAKICIO aVIALOTC,
X0 OTY) CUVEYELL YENOWOTOOVUE OV YAUpaXTNEtoTiXd xupiwg TNV uéon T, 10 UEYLoTOo, X

TO EVPOC TV TNG Yid XAVE EXPWVIUEVT, TEOTUOT).
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2.3 XapaxtnploTixd QACUATOS - XALAXTNELOTIXA QPwVT-

TIXNS 060UV

Ta yapaxtnelotxd @aouatog TpoxiTTouy Enclta and eneepydoio Tou oRUAToC 610 TEdio
TWV CUYVOTATWY, X0l ATOTENOLY TNV Mo GUVIIHOUEVT XATNYO0pld YopUXTNEIOTIXGY. LINV €-
neZepyooio GuVRg, cuyva eEdyovTion YopaxTnEoTIXd Qdopatog Ta onola oyetilovion Ue Tov
OYNUATIONS TS PWVNTIXAC 0000 %oTd TNV OLdpxelo TS OWAlNG. 3TNy EPEUVOL aVOY VWEL-
ong ouVaoVHIATog €youy Yenowonotniel cay yopaxTnetoTixd oL auyvoTNnTeS Twv Formants
[25, 26, 27, 22], ot ouvtekeotéc LPC [4], ot onofot neptéyouy mAnpogopia yia tnv nepBdhhovoa
TOU QAOPATOS TNS POVAS, xot Téhog, ot cuvtereotéc MFCC. Xta dixd pac metpdporto Yo 5oxi-
wdoouye UOVO TNV TEAELTALO XATYOpPLoL YOPUXTNEIOTIXGY, 1) OOl EIVAL 0L 1) TLO EMLTUYNUEVT,

Yio EQAPUOYES ENeEepY AT PwVNS.

2.3.1 MFCCs (Mel frequency cepstral coefficients)

Ot MFCCs anotehotv 10 TeplocdTERO DIABESOUEVO GUVOAD YOQUXTNOIOTIXWY O EQURUO-
YEC VALY VOPLOTC QWVNS. ATOTEAOUY WOl GUUTTOYY) AVATUEACTAGY) TOU QPACUATOS TOU GHUITOC
POVAC XOL TEPLEYOLY WELXTH TANPOoQopia xalwe oyeti{ovial TOC0 UE TOV OUANTA XU TNV Xa-
Tdotaor oty onola Bploxetor 660 UE T AEYOUEV TOU. XTHV ovaYVOELOT GUVOLGTAULITOS
éyouv yenowonomlel o apxetéc €peuvec xou TOAES Popég BIVOUY LXAVOTOINTIXG UTOTEAE-
opata [28, 29, 30]. Aev Yo unopolooupe Aotndy va to TapahelPoupe and TNy €peuva pog. LTny
OUVEYEL BIVOUUE WId TIEPLYPAPT) TWV GUVTEAECTWY AUT®Y ot TNg dtadixaciog eaywyng Toug
and to ofa. 3to oyfua 2.8 gaiveton 1 dadixacia eZaywyhc Twv yapaxtnetoTixdv MFCC

and €va Belypo QOVAS.

Or ouvteheotéc MFCC elvor tny ousia wia oudda cuVTEAEGTGY cepstrum nou e&dyovTta

F
——3p| Pre-emphasis |—» BII.:::T(?ng 25 ms
Speech signal frame
16 KHz
v
Mel Filter | ¢ FET | Hamming
Mel | Bank Spectrum Window
weighted {(Magnitude
spectrum} squared)
Log <y 13 Mel
Compression| DCT * cepstral

coefficients

Syfua 2.8: Awodicoota e&aywyng yapoxtnetotixwy MFCC
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So= abs(fft(so)}
0.8 T T T

0.6 B

0.4t 1

0.2r B

o

.
5] 100 200 300 400 500 500 TOO 200 900 1000

Sp= abs(ft(sp)

Eyhua 2.9: Yyfuo Tpoevioyuong Tou ohUATOC PwVAC

HeTd amd avdiuon Tou ofjpatos ue wa eldxd oyeduouévn ouotoyia @iktpwv (Mel Filter
Bank). Apyxd nepvdpe to ofua pog so[n| and éva clotnua tpoéupacte divovtag otny é£0do
10 Sp[n]. Yxonde e mpoéupaong elvar va evioyloet Tig UYNAEC ouyvoTNTES OE OYfo UE TG
YounAotepeg, netuyatvovtag €tol éva spectral flattening oto ofuo pog xu Bedtidvovtog 1o

onuatoBopuPixd tou Adyo (SNR).

Y ouvéyeia ywpellovue 1o onfua pog oe emxoluntopeva thoiota didpxetag T= 25 msec
we emxdAum Toperiap = 10msec, xar mapadupwvouue to xdle mhaioto e napddupo Ham-
ming. H napadpwon ye Hamming window yiveton yia va eCopahuvioly ot acuvéyeleg ota
dxpa TV Thatoiwy YETA TNV EQapUOYT Tou Yeryopou uetaoynuatiopol Fourier (FFT). Agot
Tapotup®ooupe xdide mhaiolo, unohoyilouvye Tov avtioToryo daxpitéd uetaoynuatiopd Fourier
(DFT) N = 512 onpeiwv. Méver va ihtpdpoupe To YETAOYNUATIOUEVO oAU PE TNV cuoTotyio
pihtpev nov npoavagépaue. H avdluor yivetoa pe ouvotolyla giktpwny oe xhipoxa Mel. H ou-
otoyla piltpwy amotekeiton and @ teryovixd giltpa H; ,j=1,...,Q, Twv onolwy ot xevipixéc
ouyvoTNtES fo elvan wooxataveunuéveg otny xhipoxa Mel xar cuvbéovtar pe Tig avtiototyeg
Youupxés olupwva Ye tny oyéorn 2.14.

(4)

F49) = 2595 - log(1 + J;O—O) (2.14)

H shipoxo ouyvottwy Mel eivon eunvevouévn and Quyoaxovotxéc pehéteg xou npoona-
Vel var tpocopotdoel Ty avdiuon cuyvothteny tou aviponvou autol [19]. Lo oyfua 2.11
gatvetar 1} Mel Filter Bank.

‘Onwe gaivetan and 10 oyfua, 1 avdhuon Tou xdde Thouciov Pwvhc Ye Ty ouototyio @il
Tewv Mel pog divel onuavtixy TANEogopia Yia TNV EVERYELL TOU CUYXEXPEVOL TAUGioy OTIg
OUYXEXPIUEVES XEVTPIXES LY VOTNTES TNC XAipaxac Mel. ‘Etot, énetta oand Ty £QopuoYY| Tou
pithtpou €youpe Bpet Toug cuvteheotéc K, j = 1,...,Q0 xadévag and toug onoloug avTinpocw-
medEL TNV EVEPYELN TTIOU GUYXEVTPMVEL TO OHUIL HOG OTNV TERLOY T TNEG AVTIoTOLYNS GUYVOTHTAG

1.
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‘ - lrcy
v '

—
(o] - [l = [ we] g nani

HELSPEC

Eyfua 2.10: Xuotoryia @iktpwv xhipoxas Mel [31]

Y1 ouvéyeta unohoyilouue Toug oxdhovious GUVTEAEOTES:
Gj :log(Ej), ] = 1,..,Q (215)

Téhoc epapudlovtag draxpitd yetaoynuatiowd ocuvnmtovou (DCT) otoug G ouvtehe-
otée, hauPBdvoupe ta {ntoldpeva axouotixd yapoxtneotixd, i ahhide toug MECC (Mel Fre-

quency Cepstrum Coefficients) and tny oyéon:

Cm) = 3 Gl cos(nlj ~ 3)7) (216)
j=1
H egoppoyr tou yetaoynuotiopot DCT yivetan yia va petwdet 1 emxdiudr mhnpogoplug
peTagd TV Yertovixwy {ovev ouyvothtey tou €youue emhélel. Ta xdde mhaicio howndy,
e€dyoupe toug 13 cuvteheoteg M FCC ot onolot o 10 avTInpoowRENOLY GTNY TAPAXITE
pehétn pag. H onuavtixdtnta tne nAnpogopiog mou mepiéyouy Yo gavel otn cuvéyela.
‘Eyovtag e€dyel toug ouvieheatéc MEFCC vy xdlde mhaioio tou delypatoc govig, uro-
polPE TAEOV Vo UTOMOYIOOUME XaL TI YPOVIXES Tapay®dYous 1ng xon 2ng TdEng xou va Tig

VEWPNOOVUE WG EMTAEOV YOQUXTNEIOTIXA.
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2.4 Xopaxtnpiotixd yAwTTtidixod noApol (Glottal flow

features)

‘Onwg avagépaue xat TpoNyoLUEves, ol cuvieheotég M FCC anoteholy 10 mio dtadedo-
HEVO GUVOLO YopoXTNEIOTIXWY Yia £QopUoYEés avayvaptong wvic. Ilupdho mou mepiéyouvy
HEX T TAnpogopia Yia To QAcU CUYVOTHTOY TOU GHHATOS Hag, oyeTiloviar xuplwe Ye Tov
OYNUATIONS TNG POYNTIXAS 080U TOU OWANTY Xl UE TNV PEAoT) TOL exPuVEital. Xdvouy €Tal
EVOL ONUAYTING PEPOS TNG TAMPOQORiaG TG QuVAC, autd mou oyetiletar Ye TOV YAWTTIOMO
mohud e TyRe. To yopoxtneiotind npocwdiog and Ty GANY, TEQLEoUV TOAD YEVIXY TAN-
pogopla Yoo Tov YAOTTOWMO Todpd. 1o ouyxexpéva, 1 Jeuehddng ouyvotnTa avapépeto
OTNV ANOOTAGY HETAED BLUBOYIXWY TUARGY TOU YAWTTIOWMOU oRUaTtog TnNg TNY1g, EVE 1 evép-
Yela yog Bivel mAnpogopiar Yo 10 u€co TAGTOC Toug. Aev mopéyetal OUmS XouLd TATpopopia
Y10 TO OY MO X0 TNV LOPGT TOY TOAMDY AUTGY, YApaxTNetoTixd T onola tailouy xadoplotind
e0ho Y TNV “ToldTNTA” TNC PWVNG TOU 0XOVUE xou GUVBEOVTAL JUEST UE TNV oUVUOUNUOTI-
x1f) xotdotaon oty onolo Beloxetar 0 OWANTAS. O EMYELRHOOUUE AOITGY VO AVIXTHGOUUE
and 10 oYU PWVNE UAS TOV YAWTTIOWS Tahdd, Tou anoTeAel T0 dALo aveEdpTnTto U€pog Tou
wovTéhou mNYTC - iATpou, xou Vo avaAUoOUPE aTn GUVEYEL Bdpopa yopaxTneloTixd Tou. H
dradixaoior UTOAOYIOUOY TOU YAWTTIOMOU Tohwol ¥ odAwg Tou ofuatog Tnyhg, ovoudleto
aviiotpopo @uktpdpropa (inverse filtering). Xtn ouvéyela Yo napouctdooupe ouvonuxd Tic
TO YVWOTES TEYVIXEG Tou €y ouy avantuyVel yio aviiotpogo @iktpdpiopo xat Yo avahloouUe
NV w€dodo mou eMAEZAUE VAL YETCILOTIOACOUPE GTNY EPEUVOL UAC.

H Baowr 10éa twv pedoédwy utoloyiogol tou ohuatog Tng mNYrg ebvan 1) extiunon tou
Yool @iktpou TN guvnTixfc 0dol. Av yvwpeilaue tny e&lowon tou giktpou, TdTE oL
Copevol 070 povtého TNy Hc-iATEOU, VLo VAL ATOXTHCOVUE TO OHPA THYHS, Vol TEPVONCUUE ATAL
10 ofua Pwvhc and 1o avtiotpogo giktpo. H €€odoc Ya eivor to orpa myrc. ‘Oco xakitepn
elvan 1 extiunon Tou @iktpou TNC PLVNTIXAS 0000, 1000 xahlTepr Yo elvar xou aUTY TOU Of-
wotog TnyNe. Xto oyfua 2.11 gaivovton 1 Stadixacia Topaywyhg TG QOVAC Xal 1) avTioTeopn
Otadlxaota YioL TNV andxTNoN Tou Pdouatog Tou ofuatog tnyhe: To ofua pwvhc tepvdet and
évay ohoxhnewty yio vo anaheier v enidpoon twv yethwy (lips radiation effect) xou oy
ouvéyela TepvaeL and éva iATeo avtioTpopo auTod TG PWVNTIXAG 0000, Yio VoL oG dWOoEL TO
pdopa nou YEAOLYE.

Y1y nepintworn €ppwvou ) ou, 1 opet Tou ToApol Tne tnyHc nou Yo ndpouue oty €080
Vo etvon mapduota we outh oto oyfua 2.12. Awaxpivoupe oe xdle neplodo Tpeic xlplec pdoei:
To dvoryua TV QOYNTIXGY Y0oEdWY, TO XAEOWo TOug, xal TO SLIOTNUN TIOU TUPUUEVOUY

xheloTEG Péypl Vo avol&ouy TaAL and Ty apy).
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Speech production

Syt 2.11: Eta oyfuota golvetal T0 Aoyoptdixd QACUA TWY OMUATOY xat GIATEwY OTIC
OIAPOPES PACELS TNG TUPAYWYNE PWVAC oTNY 17 oelpd, xar tng dadixaciag avtioTpopou QLA-

Tpaplopatog oty 27 [32]

time

Tyfua 2.12: Mopgh tou yAwTTdixod mahuol ot e napay@you tou [32]

2.4.1 MeéVodog yeopuixrc npofiedne - LPC (linear predictive cod-
ing) yia avtictpogo @Lhtpdpioua.

H pédodoc auty elvon and Ti¢ mp@TES TOL YeNolonotinxay Yio ToV UTOAOYLOUS TOU QlA-
TEOU NS PuVNTIXNE 000U, Ltnptleton oTNV EUpLTATI SLUDEDOUEVT] LOVTEAOTOIMOT) TOU GHUATOL
pwvhc pe TV pédodo tne yeauuwxhc tpdPiedmne [33]. Liugpova ge to povtého ypapuxnc npod-
Bhedme, ta dradoyixd oTIYOTUTA TOU GHPATOS VRS BeV elvon aveldptnta HETall Toug aAAd
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oyetilovtar oe onuavuxd Podud. Mnropolue €10l va mpooeyyioouge Ty T TOU GHUATOC
QOVAC OE WId YEOVIXT OTIYUT HE VO YRUUUXO GUVOLAOUS TWV TIUWY TV P TEOTYOUUEV®Y

derypdtwy. Etot éyouvyue ot

§[n| = Zaks[n — kJ. (2.17)
k=1

O npoodloplouds TwY TUPAUETEWY a) YIVETAL ET0L WOTE Vo ehaylotonoinlel 1 evEpyeLa TOU
o@dhpoTog and To mpayUaTixd oo puvic s[n|, 1o onolo Yewpolye 611 napdyeton olbupwva
we to poviého mnyhc-pihtpou. To giktpo 10 TpooeyYI{ouYe Ye Ulor GUVERTNOT HETAPORAS TTOU

€yet povo néhoue (all — pole model). "Etot éyouye yia 11 ouvdpTnom UETUQOPdS Tou QikTpou:

B G ~ S(2)
=3P agzTR T U(2)

H(z) (2.18)

érou S(z) eivon o petaoynuationds -Z tou tehxol ofuatog gwvic xou U(z) o yetaoynuo-
Tioude e déyepone tne e, Llugwva pe to povtého mnyrhc-giktpou, 1 diéyepon uln]
Vewpeltoar meplodiny ToApocelpd Yiot Toug €upevoug youg xat ¥6puPog yia Toug ApeVoUS.

And tny nponyoluevy oyéon npoxONTEL Ylol T0 O QWVAC OTL:

s[n| = Zaks[n — k] + Gu[n], (2.19)
k=1

EVQ VI TO OPIAUA XU TNV EVERYELXL TOU €Y OLUE OTL:
P
eln] = s[n] — §[n] = s[n] — Zaks[n — K] (2.20)
k=1

E =Y (s[n] - 3[n])’ (2.21)

[ ToV UTOAOYIOUO TV CUVTIEAECTOV a; UTKUTOVUE Vo ENAYIoTOTOMNVEL 1) EVEPYELX TOU

Addoue (ytor To mhaioto Tou ohpatos to onofo eZetdloupe):

E
OF o i—1.2.p. (2.22)
Oa;

OTOTE TPOXVUTTOUV Ol TUPUXAT® EEICWOEL:

Zs[n —i]s[n| = Zak Zs[n —ilsln—k], i=1,2,..,p (2.23)
k=1 n

n

ol OTOlEC AV 0pICOUPE TNY CUVAPTNOT CUOYETIONS @,

$li, k] = sln—i]s[n — k] (2.24)

Yedpovtal 0Ty Hop®:
P
S ayolis k] = 606,0] i =1,2,.p (2.25)
k=1
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Avddoya pe ta dpla ddpotong mou opillouge 6Tov TOTO NS EVERYELNG GPIALITOS, TEOXY-
ntouv 800 BlaopeTixéc mpooeyyioelc Tou mpoflAfuatoc. Xtnv 1n meplntworn npoonadolye
VO EAAYLOTOTOIRGOVUE TNV EVERYELX TOU Addoug o Gho TO €UPOS TOU YPOVOU, Und —00 EKS
10 +00. 'Etot 4tav e€etdloupe éva pepovmpévo mhaiolo tou ohpatog puvrc, Yewpolbye 6Tt
TO ONUA PWVAC EXTEVETAL O OMO TO YpOVo xat amhd Aaufdver undevixée Tiwée €€w and To
dtdotnpa mou e€etdlouue. Av hotndy o mhaioto elvar unxous N, 161 Yewpolye 6Tt T0 oy
pog modpvet ) pndevinés Tipég oto ddotnua 0 éog N — 1, eved 1o ofuo Addoug G eivar ur
undevixd oto didotnua 0 éwg N — 1 + p.

[ty evépyeta tou Addoug Yo €youre howmdy 6T

s N—1+4p
E= > éh= )Y en (2.26)
n=—00 n=0
EVE YL TNV OLVAPTNOY CUCYETIONS ¢ TEOXVTTEL:
N—-1+p N—1—|i—k]|
glikl= > sin—ilsln—kl= Y s[n]sln—|i—k[] = Ry[li — k], (2.27)
n=0 n=0

6mou R 1 ouvdptnon autoouoyétiong Tou ofuatog s. O ouuueTpids Thvaxag Thne ouvapTnong
¢ Ttopa yivetaw Toeplitz. Ov ouypetpixés 10TNTEC TOU Tivaxa ¢ emTpénouy TNV UTOEEY
anodotixol ahyopidpou (ahybpruoc Levinson — Durbin) yio tny enfluomn 1wV p XAVOVIXGOY
e€lOWOEWY Xl TNV EUPECT TV mapauétpwy a;. H pédodog auth ovoudletar yédodog tng
avtocuoyétione (autocorrelation method).

Yy 21 nepintwor, to Ao mpdfBiedmng unoroyileton uévo 010 GUYAEXEIWEVO BIAGTNUL
mou e€eTAlOVYE TO GTUA oG, XAl Ol THIES TOU OHUATOS IOV YEEWILOVTOL AviXOUY GTO DLACTNHUA

—p <n <N —1. 'Etot éyouye:

N-1
E=) e (2.28)
n=0
XOU YL THY CUVARTNOY CUCYETIONS @,
N—-1
¢li, k] => sln—idlsln—k ,0<ik<p (2.29)
n=0

O rivaxag ¢ oe auth) v nepintwon dev eivor Toeplitz oAl anhd cuppetpxds, xar €ToL
xeeraleton EntAUGT P XavoVIX®Y EEIOWOEWY PE xhaooixéc pedddoug mou xootilouy Tepload-
tepo vnoloytotixd. H pédodoc auth wotdco napdyer mo axpiBelc extiufoels tou @iktpou
™S QYNTIXNAS 0000 X YTOpEl Vo EQapUOoTEl xou o WxpdTepa daoThata we emttuyion. H
wédodoc auth ovoudletar uédodoc tne ouppetafintétntac (covariance method).

Yy ouvéyeia Yo avapépouue oUVOTTIXG TIC DtdQopes PEYOBOUE TOU €YOUV EMXPAUTHOEL

yio TV dtadixacia Tou avtioTpogou grktpapioyatos.
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1. MéB080g AUTOCLGYETIONG OTO APYIXO CHU

XopiCoupe 10 ofpa poag oe mhaiota Bpayeiog didpxelac twv 25-30 msec, €Tl OOTE TO
Youuuxd @iAteo g guvnTixAg odol va umopel vo Yewpenlel xo ypovixd agetdBinto. X
ouvéyela oe xdle mhaioto unoloyiloupe 1o povtého ypopupxhc mpoPhedne e v pédodo
auToouoYETIoNG Xt LTOAOY(CouUe Toug GUVTEAESTES a; Tou @idTpou. Télog Bivoupe To apyixd
oHo QWA oay €l6od0 0To @ikTpo Moy uToAoYicaue xot TAlpVOLYE o TNV E£000 TNV exTiUnom
TNC YA TTIOWNG TAALOGELRHL.

To Baoixd petovéxtnpa g uedodou autocuayETiong elvat OTL, EIBIXY Yio EUPWVOUS 10U,
ouyva yaver o axplBeta. Autd ogelheton oty amhomomTixy Tapadoyy| 6Tt To ofud pog ebvor
undevixd €€w and o mhaicto mou egetdlouye. 'Etol ta mpdta p xou tar teheutaio p delypata
Tou Addoug TpoBAedne unopoly va Tdpouy PEYSAES TIHES, dPOU TEOOTAVOVUE OUCIAOTIXG VX
npoPhédouye un undevind and undevixd Seiypata xou to avtiotpogo. To Addog mpdfBiedng

wahioto YewpnTind Sev unopel moté va efvar undevixo.

2. Evtoniopdg %ASL0TAS PACTNS POVNTIXOY YOpO®Y Xl EQPAPUOYT LE-
V680L ouvppeTABANTOTYTAS

‘Onwe elyaue avagépet TEoNYoLUEVKS OTIC TapadoyEég Tou povtéhou TNy hc-@iktpou, 1 T
Yh xou T0 @ihTeo dev elvan tehelwe aveldptnta petall toug. H pédodoc autr npoonadel va
EVTOTIOEL TOl SLUOTALATA OToL OTOll OL PWVITIXES YOEDES Elval XAEIOTES, Aol oTa DlUoTAUATY
autd 1 unddeon e aveaptnolag xar g EMkerdng alnhenidpaong wetall Tnyhe xou gitpou
oy Vet o€ peydho Badusd. Agol evtonioet ta draoThaTa auTd e@opudlel Tov alyoprduo Yeou-
wxnc meoPiedng pe tny pédodo cupuetaAntdtntog 1 onola netuyaivel TeplocdTERO axpYBElc
EXTWNOELS TOU PIATEOU NG PWVNTIXHC 0000 OE OYEoT YE TNV PEV0B0 aUTOCUCUCYETIONG.

‘Eva ond to tpofAiuota Tng uedod0u authc eivar 0Tt GUYVE 1) XAEIGTT GAOT) TWV GPOVITIXWY
Y0eOOY Blapxel 1ot TOAD tixEd YeoViXs BIUoTNUA, UE ATOTENESUA VoL €YOUUE Alya SeBouéva Yia
vo. utohoylooupe ye axpifeta To povieho Ypouuixhc neoPiedng pe v uévodo cupueTaBirn-
tomtog. Emniéov n emituyio tou ahyopiluou edaptdtar and tny axplPry ebpeot g meploy g
xhe0ThC pdomng. Av udhiota AMfouvye unddiy yog To wixped uixog g, éva wixpd Addog atny
emAoyn Tng meptoy g Vo dnutoupyoloe onuavTixd TeoBANUAUTH OTNY OKOTH eXTUNOT TOU (iA-

TEOU.

3. MéOodog IAIF pe yeror Discrete All-Pole Modeling

‘Onwe avagépope xar mponyoupévewe 1 uédodog TN aUTOoUGYETIONG ToEOUCIALEL TEO-
BhMiuota oty axetBr) ebpeon e nepBdhhoucos Tou QiATpou, edxd 6tay To TAaiclo WVAC
avtiotoyel oe €upwvo fyo. Mnopolue vo 600Ue To avaluTixd yia Tolo AoYo mapouctdle-
Ton auté To TEOPBANua. H ayéon xavovindy ediohoeny g uevddou avtocuoyETiong fTay 1

TN AT,

> apRi — k| = R[i], i=12..p (2.30)

p
k=1

To poviehonompévo ofjpa tou urokoyiloupe §[n| tpogavde avonotel To wovtého pog
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ol TNV Topandve eicwo £ Toug [Bouc ouvtereotéc ar. llooximter étol 6T npénet va
P ) k e P

oy Vel 1 Topaxdtw oyéon:

Ry[i] = cRs[i], i=0,1,..p (2.31)

Y1y nepintwon wotdo0o TwV ELPLVLY YwY, T0 R avTioTolyel 6Ty autocuoyETIon TOU
TEMXOU OHUATOS PVAS TOU 0Tolou 10 Qdoua Exel npoxiYel €neita and TOAAATAACIAOUS GTO
7 4 4 4 4 4
TED0 TWY GUYVOTHTWY UE TNV TAAULOGERd TNG TEpLodXNS diéyepong. Me tov mohhaniaciacud
AUTO OUGLAOTINY TEOXUTTEL YLt BELYPATOANTTNUEVT] LOPPT| TOU QPAGUATOS TOU GIATEOU, XL auTod
EYEL OAV GUVETELX 1 AUTOCUCYETION TOU TEAIXOU OHHATOSC VA LOOUTAL PE WA ETUXUANUTTOUEVT]

ex00Y 1} TNG dEYIXNE AUTOCUCYETIONG.

Oa 1oy bet dnhady 6Tt

i Ropgli — 1T (2.32)

l=—00

omou T ebvan 1) neplodog g meptodixfic Siéyepong xat Rorg 1 dpyix| AUTOCUCYETION.
Paiveton howmdv dti n uédodog Autocorrelation npoonadel vo Touptder NV auTOCUCYETI-
OY) TOU CHUOTOS POVIEAOTOMNONG 8, UE Ha TUPUUOPPWUEVY] EXDOYT TNG AUTOCUGYETIONS TOU
mpaypatixol ofuatog. Méhota 660 elvan peyahidtepo to pitch tou fyou (Snhadh wxpdrtepn
7 nepiodoc), 1600 audvetar 1 napopdpewon. I't autd xo tapovoidletar EVTIOVOTEPO T0 Rpb-

Bhnuo oe fyoug ue ueydro pitch.

an. i

|.I
r N "._)l
(AN |
f T
s LA |
- r_.-’
Wni
Zay
: | | J
=/ i [ E
]
s | l
T 1000.0 2000.0 3000.9 2000.0
FREQ (Hz)

Syfua 2.13: Bdopa ouvdptnorne autoouoyétions nepodixol ofjuatos [34]
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2.4.2 MeéJodog povichonoinong (e dLaxpltd @iltpo pe noévo noéhoug
(Discrete All-Pole Modeling)

Yopgwva pe toug El-Jaroudi, J.Makhoul, n aduvayia tou goviéhou autoouoyétiong ivo
EYYEVAC UE TO XPITHEI0 0PdApaToS To onolo yenowonotel. Ot idlot avéntuay wa véa pédodo
Yo TOV UTOAOYIOUS TOU GAGUATOS TOU GIATEOU NG PwvnTixfig 060l TNy onola ovépacay
wévodo DAP (Discrete All Pole Modeling Method) [34].

To veo xplthplo opdAuaTog Tou Gploay Vol TO TAPAXATE:

1K Plwm) , Plwm)
Erg = Nmzl <P(wm) — lnp(wm)) -1 (2.33)

6mou N eivan 0 apliudc Twv cuyVOTHTWY oTig ontoleg elvan LUTOAOYIOUEVO TO Bloxpltd (pdoua
Tou ofpatoc pwvic 1o onolo cuyBohioupe pe P(wy). Me P(wn,) ougBoriloupe to pdoya
TOU UOVTEAOTOINUEVOU GRUITOC.

ArnodexvieTtor 6Tl EAaylOTOTOINGCT TOU TAPATAVE GPIALATOS EVOL LGOBUVAUT UE UEYIOTO-
noinon e opahdtntoc (fatness) tou gdoatoc hadoue P(wmy)/P(wy), 6mou 1 opokdtrta
optletar »¢ TO THAIXO TOU YEWUETEIXOU UECOU TWV DEIYUATOY PO TOV aptdunTind Toug HEao.
Auté éyel oav ouvénela To pdopa Tou Addoug va efvar 660 1o SuvaTov To Eninedo.

Anottedvtog Ty EAXYLIOTOTOMOT) TNE CUVARTNONE CQANLATOS Frg, TEoXINTEL OTWS Xol TTPLY

oTL mpémer va 1oy Vet

Ry[i] = cRsli], i=0,1,..,p (2.34)

H Sagopd ye tnv pedodo yoopuxic nedPhedne, etvar 6Tt 0Ty TeEpInTWon NG YROUUUXNAS
npéPAedme, o R;li] wolta pe tny autoouoyétorn Tou cUVEYOUC PACUATOS TOU HOVTEAOU,
eve otny nepintwon e uedédou DAP nou eetdloupe, to Rjli] 10obton pe v T Tou
derypatoAnmInuévou gacuatog tou pwovtéhou. ‘Etol 1 uédodoc DAP npoonadel va tautioe
TNV TUPULOPPOUEVT ARt ETXANLYT) AUTOCUGYETION TOU GHUATOS UE TNV TUPULOPPTWUEYY UE
Tov (810 1pomo and emxdhun autocuoyEétion Tou wovtéhou. Auty elvar xou 1 ouctaoTxY
Behtiwon g pedodou authc oc oyéon ue TNy p€dodo auTooUaYETIONS, TOU TNV XAVEL VoL BiVEL
XUNOTEPES EXTWAOELS 0TV TERITTWOT TwV EUPuVKY Hywy. AenToUépeleg Yia TOV TpOTO UTo-
Aoyiopol T tapauétpmy a; divoviar oto [34]. Tpénet enione va tovicouye 61 0 unoroyiopde
TV BEATIOTOV CUVTEAEGTWY TOU EAdyIoTOTOOLY T0 Adbog tng uevddou DAP, éyel auinuévo

unohoYloTxé x60T0¢ O OY€om UE TIC TEONYOUUEVES Yedddoug.

ANyoprdpog IAIF yia avtioTpogpo @LhTedplopa

To drdpopa otddra e dradixaciog avtiotpogou @uktpapicpatoc pe v pédodo IAIF [35]
paitvovtal GUYXEVTpWUEVE 6TO oynua 2.15. Apyixd oto 1o o1ddio To Ofud PWVAC TEPVAEL
w€oo amd €va udhinepatd GINTEO Yia VoL amahelPel EVOEY OUEVES TUQUPOPPWOELS TOU WXPOPOVOU
OTIC YUUNAES oUYVOTNTES. 2Tal EMOUEVA 0TAOL, O alydptduog epapudlel TNy dadixacia Tou
avt{eTEoPou QLATpuplowaTog ENUVAANTTIXG ot 2 BlapopeTixéc pdoels. Apyixd egoupudlel Tov
alyoprduo DAP pe tddn giktpou {on pe 1, via va anahelder v enibpaon twv yelhidy. X1
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Syfua 2.14: Eymuatxd didypoppa ue to didpopo otédior tou TAIF akydprduou [32]

ouvéyeto apol Tepdoet To ofua and auTtod To GikTEOo, eQapudlet Tov arybpriuo DAP ye tdly
pihtpou 1 omola cuviBwe elvan fon pe 2 @dpeg Tov pudud derypatohndlag Tou oHPUTOS OF
kHz. H €€080¢ tou giktpou anotelel TNy mpddTr eXTUNOT, TOU OHUATOS TNYHS, EVKD TO PIATEO
ToU Yenoponotiinxe TNy TewTn extiunor Tou giktpou. XN cuvéyeta EEXVOVTAG atd TO VEO
ofjua Tou Tpoéxule, enavaragfdver TNy (Bro Bradixaoio, OnAadh agonpet TdAL TNV enidpacy TV

YEhwv xar e@apudlet DAP avdluon yio va anoxtroet axoua xoAUTERES TpooeYYIoEIS, X.0.%.
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2.4.3 E&aywyn YopaxTneloTixmy oAnd TNV XULATOUORPN TNSG TNYNS

Ané tny otiyyr) mtou ohoxhnp@vetal 1 dladixacia Tou avtioTpo@ou QLATpuploUaTOS XAl
OL€TOUUE TNV XUPATORORGY TNS TINY NS, UTOPOUUE Vo EQYOUUE DIAQPOPA YoPUXTNELOTIXY oo
aUTAY.

Xapaxtnelotind cTo nedlo Tou yedvou

Me v Bordeia tou epyareiou TKK-Aparat, nposdiopilouye Tic xplowes ypovixég oTiy-
WS oTo ofpa TG TNYME xan oTr ouvéyela e Bdoet autég unoloyiCoupe Brdpopa yapaxTnEi-
oTxd 670 1edio Tou ypovou. Onwg gaiveton xon oyfipa 2.16, ol xplowes Ypovixés oTIYUEC 610

ool TNG TNYNRG ebvan o1 TopondTe:

o T': Eivau 1 Yegehcddng nepiodog tou mhaoiov mou e€etdloupe xan utohoyiletar oOupova
pe tov adybprduo RAPT nou avodboaue. O didgopot maiyol tou miaiciou améyouv

peTall toug xatd 1.

® lmag: Ebvar m ypovixr) otiyus) mou mapatneeiton 1 péylotn Ty touv thasiou. H ypo-
VIXT) QUTH OTIYRY] QVTIOTOLYEL OTNY OTIYUY YEYIOTNG pOTiC JEEU OE XATOIOV amd TOUG

YAOTTSIXOUS Tohpols Tou Thatsiovu.

o to1,lo2: Eneidr) ol pwvnuinéc yopdéc avolyouv mpoodeutixd, npoodopiCoupe 800 ypo-

vixég onypég mou oyetilovtar e to dvorypa toug. Ty mpdtn # xlpla o1, xar TNV

OEVTEPELOUCY t42.
o t.: Elvan 1 ypovixt| oTiyys) Tou avTIoTOEl GTO XAEICWO TWV QPOYNTIXWY Y0pdOY.

® tmin: Ebvar 0 ypovixh otiypr) tng ehdytotng pofc aépa and TIC QOVNTIXEC Y0pdEg xou

evrorniletar AMyo petd o t.

® tg01,tg02: Eivar o1 ypovixéc otiypés exatépwiey 10Uty TOU avTioToryoly o€ Thdtog

ONHPATOS (60 YE TO GO TOU UEYIOTOU.

XenoonoldvTog T TUpandve XpiolES YeoVIXES oTiypéc mou avogépaue poall xou pe
dAheg mou gaivovtar 6To oyfud, utohoyiloupe wa oelpd and yapaxtneloTxd. Iupadétouue

ToPoXATE UEPIXS amd To To Pooixd.

o OQ= (tc —to1)/T : Adbyoc avolypatoc tov @uwnuxey yopddv (Open Quotient) .

Metpdet 10 1000016 TNE AVOLY TS YACNE OE GYETT) UE TOV GUVORIXO XUXAO TNC TEPLODOU.

o SQ= (tmaz — to1)/(tc — tmaz) @ Abyog taybTnTOC (Speed Quotient) . Metpdel tov
AOYO TG BLdpxelag TS avoLY THS PAOMS TPOS TNV DIAEXEL TNS XAEIOTAS QAoTS.

o AQ= Auc/Admin = Abyoc mhdrtouc (Amplitude Quotient). Metpder tov Adyo tou
HEYIOTOU TAGTOUS TOU GHUATOS TOU YAOTTIOWOU TUAUOD Tpog TNV eAAyIoTN T Tng

TOPALY Y OU TOU.
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Tyfua 2.15: Maioto avdhuong xou pétenom Tapaéteny 10U YAwTdxo) tokpol [32]

o NAQ= AQ/T : Kavovixorowmuévoc Aoyoc nhdtoug ue Pdon tny nepiodo.

XopaxtneloTixd 610 nedio CLUYVOTATLY
IMo vo e€dryoupe yopaxtneioTixd 0to 1edio v ouyvothtwy vnoloyilouue apyixd to @d-
opo 1oV YAWTTIdWwo) kol tou €youue otny diddeon pog. And To GACPA TOU CHUATOS TNG

Ty e e€dyouye d0o Baocixd yopuxTrneloTIXd:

e Hy — Hy : Eivar anhd 7 Sopopd twv mhatodv tne Yepehiddous ouyvétntog (pitch) Hy

xou TN TeWTNG apuovixnic g Ha, petpnuévoy ot decibels 6nog guiveton 6TO TaUpaxd TR

oy fud.
[ g] T T T T T T T T T T |
A2
_ 20 Hs H, 1
2 s -
4 0 l
= -
5
o =20F
E -
=40 |
1000
Frequency (Hz)

SyAua 2.16: Appovixée tou @dopatoc YAwtudinol tokpol [32]
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e HRF =) -, Hy/H; : Hopdyovtog “nocdtnrac” appovixod nepieyopévou (Harmonic
Richness Factor). Metpdel t1ov Adyo tou adpolopatog Tmv TAATMY TV ApUOVIXMY TPOS

10 TAATOC TNG VEUEMMBOUS GUYVOTNTAS.

Emonpatvoupe téhog 611 yia 1 egappoyy| Tou alyopibuou IAIF mpolnodétel v Omapdn
evog alyopiduou mou Ya arogacilet av 10 EXAOTOTE TUAA VRS eivan Eupwvo xat Yo Tpoo-
droptlet TNy Yegehcddn ouyvoTNTA Tou. XNT1V TEPINTWOT UAS YPTOUWOTOOVUE TOV ahy6pliuo
RAPT.

Agob howndy evtornicouye o éugpmva TURUATE ToU oRUATOC, UTOROYI{OVUE TOV YAWTTIOMO
Toahwd Tou Toug avtioTtotyel xo e€dyouue and aUTOV YAPAXTNELOTIXE 6TO TEdO Tou YEOVOU

XAl TV CUYVOTHTWY, ETOL WOTE VO £YOUUE ULl XOAT] TEQLYQUPT, TNG HOPPNS TOV.
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2.5 Xoapaxtneiotixd AM-FM

2.5.1 Mn yeoupixd QUUVOUEVA CTNY TARAYWYY POVAS

‘Onwe avagéoaue TpoNnYOoLUEVLS TO LOVTEND TNYHS-QIATEOU %AVOVTaC XATOLES ATho-
TOWNTIXESC TUPABOYES XATAPEPVEL VO TEOCEYYIOEL TOV UNYAVIoWd TORAYWYNHS TN PWVRE XAl VoL
TUPAYEL LXAVOTIOINTIXG UTOTEAECUATA OF UPXETEG TEPInTOOE. MdAiota o alydprdpog e&a-
YOYAS TWV YOPUXTNEIOTIXGY TOU YAWTTIOOD TAALOs TOU TUEOUCIAGUUE OTNV TEONYOVBUEVY
evotnta otnelleton oc autd To povtéro. 261600 TO Ypopuxd Woviého mnyHc-@ilTpou dev
TadEL Vo AMOTEAEL YLl TEOGEYYIOT, TOU TEAUYUAUTIXOU PMYOVIoHOU Topaywyhe Tne guvic. E-
pEUVES Eyouy Bellel OTL 1) MapaY WYY TNS PVAS anoTEAE! Eval TEPITAOXO UNyYAVIoWO GTOV OTol0
AoBdvouy ydpa giar GELpd omd UN-Yeauixd xat Tory (Tator Y povixd peTaSuAlOUEVaL patvoUEVa
o omofar avtitidevton oTic mapadoyés tou mponyoluevou wovtéhou [36, 37, 38]. ILio ouyxe-

z 4 4 x> 7
AEULEVA TURUVETOVUE TIC TORUXATw EVOE(EELS.

o H gwvntixn 08¢ xou 1 mnyY) 6ev elvor ave&dptnTteg ahhd aAANAETLOEOUY xoTd TNV DidpxEL
NG owthiog, xau xdnoleg popéc oe un auerntéo Badus.

e To xbua tou adpa TNg TNYHS BEV PEEL OPOLOUOPYA XATE PAXOS UIAS DIATOUNS TNS PO-
VITieg 0800 ooy €vo LOVOBLIoTATO GNUAL, EVEH UAIMOTH dpXETEC POPES ATOOTMVTAL otd

oUTO XOPUATLO Ta oTtola BNUIoVEYOLY UxEolE GTEORIAOUS Tou enNEEdloUY TNV POT TOU.

o O oynuatiopds TS POYNTIXAC 0000 xat ENOPEVWS Ot guvToviouol TN YetaBdhhovtal
OPXETA Y1 YOPO UE ATMOTEAEGUA VO UNY UTopoLy va Yewpnloldy otadepol olte xatd Ty

Oidpxela Yag TEPLOBOU TOU YAWTTIOWOU Tahdo.

‘Ohec autée ot evdeiZetg (xon dhhec axdyua), H€Touy éva dvw 6pto 6Ty anddoomn xat Ty
axpifeta Tou povtéhou TnyRg-giitpou. AnuovpyRinxe 1 avdyxn hoimdy va undpder wa uéten-
O™} QUTAOV TWV UN-YRUUIXOY GoVOUEVWY T ool natlouy oNUAVTIXG PONO GTTV SLaHOPPWOT)
¢ nowdnTag e pwvic. ‘Etot or Maragos, Quatieri, Kaiser [39, 40, 41, 42], npétewvav éva
VEO, UN Ypopixd LOVTELOD Yia TNV GevY To onolo ovoudletor woviého dopdppuwone AM-FM.

2.5.2 Movtého AM-FM

Yougwva e to govtého AM-FM, xdde ouvioviopde (formant) evée ofuatoc povic
avarapiotaton oav éva ofjpa AM-FM, 6mAady cav €var oo SLop@oUévo TauTOYeova XoTd

mAdTog xou xatd ouyvétnta. Av r(t) elvon évac cuvtoviouds éyoupe:

r(t) = a(t) cos (2m(wet + wp, /0 q(T)dT + ¢(0))), (2.35)

o(t)

52, elvan 1 xevTptx) oL VOTNTA ToU GUVTOVIoROL. ‘Onwe GaiveTon and TNy Topandye

om
7 4 TN 4 4 Z 7 I
eZlowaon 1 oLy VOTNTA TOU GLVTOVIoWOU dev elvan otadepr] Yo To Bedouévo Thaiotlo aviAuong,

6rnov £, =

oAAG peTafdhheton YOpw and wa xevtpixy) ouyvotnta. Ilapdhhnha petoBdiietar xon To Thdtog
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e a(t) oav ocuvdptnon tou ypdévou. H otryuaio cuyvétnta Tou cuvtoviopot opileta w¢ N

YpovixXt, napdywyoc tne gdone ¢(t):

£ = 5-Lfe Fma®)], a(t) € [-1,1] (2.30)

6mou £, ebvon n péylotn amodxAon NG OTIYMOAS CUYVOTNTIC ANd TNV XEVTIPIXY, CUYVOTNTO.
Mrnogel T(pa XATOLOE VO AVATHPACTACEL TO O POVAS ¢ TNV ENaAANAle and N SLopopeTind

ONUATOL GUVTOVIGU®V, OTOTE EYOUUE:

N

s(t) =) r(t), (2.37)

k=1
6mou N ebvan o aprdudc twv formants e povnTXAc 0800 Yo TO GUYAEXELWEVO TUAPA GOVTS.
To yovtého AM-FM avanoptotedvias 10 ofua gwvnic Ue autdV ToV TpOTO, AROPeD-
YEL VoL XAVEL TOV Dlaywpelodd Tnyne-giAteou 1 va unoveoel onowadrinote avelaptnoio uetalh
Toug. Amoxtd étol peyohltepr cheuldepion Yia Vo UEAETACEL Xou VO UETPROEL TIC GUVETELEG
TWV U1 YRUUUXOVY QoUVOPEVLY 0TO OHUo QwVAS. XT1 cuvéyeta Topoucidlovue ta Bruata
Tou ohyopiluou yia Tov utohoylopd TV cuviotwo®y a(t) xou f(t) twv AM-FM onpdtwy

GUVTOVIGHOV.

2.5.3 XYynMupo arodiapdppwons AM-FM

O ahydprdpoc unohoylopol twv ocuviotwody at) xa f(t) yio to xdde ofipa ouv-
Toviouol anoteheitar and dvo Paocixd PBruata.  Apyixd xataoxeuvdloupe wo cuatolyla and
Cwvorepatd giktpa Gabor ta xévipa Ty onolwy axoloudolv v xhipaxo Mel mou avopé-
QUUE XL TEOYYOUUEVWG.

To ta mparypatind gihtpa Gabor nou ypnoulonotolye, 1 XpoUaTIXY TOUS ANOXPLoT GTO

Tedio TOU YPOVOU XAl TV CUYVOTATWY diVOVTUL dnd TOUS TUQUXATL THTOUS:

h(t) = e~ " cos(2mut) (2.38)

o 7r2(w+v)2}

7T2 w—vz
Hiw) = ﬁ(e[f Cr] | -

2a
6mou v elvat 1 xeVTELx cUYVOTNTA TOU GIATEOL 1) OTolo LGOUTAUL PE TNV XEVTPLXT OLYVOTNTA TOU

(2.39)

CUVTOVIGHOU, xo o efvol 1) TapdueTeog Tou puiuilet 1o ebpog tou gidtpou. Ta gihtpa Gabor
emAéydnxay efoutiog TN BEATIOTNG DlaxEITIXNC TOUC IXAVOTHTAS TO6O GTo TEdio Tou YpPodVoU
600 %o TG oUYVOTNTAS. LTo Telpapa pog axohovdoiue Ty uédodo twv Maragos,Dimitriadis
[45], xou ypnowonotolue ovotoryia and cuvohxd 6 giktpa Gabor ta onoia €youv emxdhudn
50% petall Touc.

H egappoy?) xadevég and ta giktpa Gabor tng cuotolyluc oto ofua pag, divel cav

anotéheopa €va ofua ouvtoviopol 1;(t). Metd v andxtnon tov onudtwy cuvTovioyos, To



42

Kegadoawo 2. Melétn yopaxtnoioTixdy

(a)

_ = = Velocity profile (b)
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Eyfue 2.17: (o) oo xan (B) un-yeauuixd poviého napoywync @wvic [43]
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Eyfua 2.18: Xuotoyia gihtpwyv Gabor [44]
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devtepo Prpa efvar 0 uTohoYiopdc Tou otiypadou TAdToue xar ouyvétntac a(t) xou f(t) oe
xadéva and autd. To Bruc autd ovoudleton anodiaudpPwaon Xol EXITUYYAVETIUL UE TNV YeNom
tou ahyopiduou ESA (energy separator algorithm). O ohyépripoc ESA otnpileton otny
xenon tou tehecaty evépyetag Teager o omolog opiletar we e€hc:

Wela(t)] = [#(1))* - = (t)E(t) (2.40)

O teheotric Teager petpder v evépyeta evoC Yool Tahavtwt) pdlac m xou
otadepds Takdviwone k tou omolou 7 Supopixnt| ellowor xivong divetar and v oyéon:
Z(t) + (k/m)z(t) = 0. H yevoi hon tne eliowone autic ebvan x(t) = Acos(wot + 0),
6mou W, = \/k/m, evéd 1 onypoia evépyelo E, tou Tohavtet eivar otadep xou {on ue o
ddpotopa xvnTiede xon duvapixic evEpYELag o LloOUTOL YE:

m, .o k o9 m 9
E, = 5(:1:) + 58 = E(Awo) . (2.41)

'Etot av egapubooupe tov tekeots| evépyetag Teager Yo mdpouye:

E,
\I/C[.T](t)] = AQW% - m/27

(2.42)

Onhadr v evépyela avd povdda udlac. Ouolwe av egappdcovyue tov teheot) Teager oe €va
AM-FM o1pa Ya €youye:

Er Ey

U.(a)
2

D —~ -
. a (12
wla(t)eos(6(1)] = (ad)? + 792 + © Psin(29) +

cos(2¢) . (2.43)

2 7 ’ , 77 N2 7z
To anotéheopa autd pnopel vo Yewpniel tpooeyyiotxd (oo pe (ap)” onwe xat TpoT-
4 7 4 4 7 2 7 ’
Youpévwg, epocov ot bpol B, xou Ey elvon wixpol oe oyéon pe 1o D. I va ouufel autd
epapuoloupe Padunepatd QuAtpdploua otny €€odo Tou teheoty| Teager, wote v anopaxpl-
VOUUE TOV xUpLdTERO avemtlunto épo Ey 0 onolog MEQIEYEL Wiat ouYVOTNTA DIMAdoLY and TNV
4 7 4 ’ 4
xevipy fe. Mmopolue tdte va ypddouyue 61t

~ o (el (1) (2.44)

Lopgova ye tov ahyopripo ESA, yio Tov Saywpiowd Tou Yivouévou evépYelag o€

Welri(t)]

f(t) xa a(t) yenowponoodviar ot 800 napuxdte oyEoELS:

f(t) = % igg;; (2.45)
W(z(t))

(2.46)

H nponyoluevn avdiuor avagépetal oe ofjuata cuveyoNg Ypovou. Yrdpyetl avdho-
7 Sradixaoio Yo ofjpata Staxpttol ypdvou ota onola 1 topdywyoc vnokoyileta we x’'[n] =

z[n]—z[n—1], ondte npoxintouy xou aviictoryol TOTOL Yio Tov ohoyopd twv fn] xo |aln]|.
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Y B pog €peuva wotdG0 ypnotponoolye tov akybprduo Gabor ESA [45] o onotog ene-
xTelvel apynd To ofpa Sloxpltol Yeovou 6To cuveyEc nedio xau 6T cuvEyELd eQupnolel excl
Tov adyopriuo ESA. Me autd tov tpémo avti yio tov YopuP@drn unoloyiowd Tng napay@you
and v e&lowon Blagopdy aTov dBlaxpltd YEOVo, TEUYUATOTOEITOL UId IO OJOAT] o aXEl-
Bric extiunon tng mopay®dyou Tou ofuatoc. XpenoOoTOLOVIAS UAAOTA TNV TROGETUPIOTIXT

WBLOTNTA TNG GUVERENS WS TPOS TNV YPOVIXT ToRdY®YO, EYOVUE:

Wa(t) » (1) = — (a(t) « g le(t) « LI

Onéte amhd mpaypotonolotue oUVENEY TOU ORUATOC UE TNV YPOVIXY TapdywYo TOU

(2.47)

piktpou Gabor (n omofa eivor Yvewoth) xou teTuYaivoupe To axpBh xow ouahy extiunor tou
teheot| Teager. Iapoxdtw delyvoupe oynuatixd tny AM-FM avdivon xat to a(t) xoa f(t)

OUATO TOU TREOXVTITOUV GTOUC BLAPOPOUS GUVTOVIGHOUS EVOS GHUATOS PWVTC.

Output of 2nd Filter

Inst. Amplitude

Inst. Frequency (Hz)

0.02 8000
0.02
1 6000
s 0.015
0, w 0.01 \ 4000
=a 0 0
' 0 10 20 0 10 20
Original Sound /aa/ Output of 3rd F|Iter
01 8000
0.05 0845 6000
0 q( M{u‘m 0.01 } ( 4000
-0.05 0005 \J 2000 m/,ﬂb..\n,w
= 0 0
0 10 20 20 0 10 20 0 10 20
Time (ms) \ -3 Output of 4th Filter x 1072
0 8000
3 |
6000 Hﬂ
> |1 1
4000
_'I
. 2000
-2
] 0
10 20 0 10 20 0 10 20
Time (ms) Time (ms) Time (ms)

Syfua 2.19: Avddhvuon ofipatoc oe AM-FM ouviotwoee [46]

2.5.4 Xopaxtnptotixd AM-FM

"Eyovtoc unohoyioet Tic ouviot@oeg tou ottyutadou TAdtous |a(t)| xon tne otypaiog
ouvyvotnrag f(t) yio xadéva and ta 6 ofpata cuvtoviopol 1;(t), Tic yENOLOTOO0UE Yio VoL

eZ0YOUUE TO TTUPUXATEL Y UPUXTHEIOTING:
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o Yrtaduouévn péor otrypwoala ouyvotnta Fyy mou divetan and tny oyéon:

r 2
i(t)as (t)dt
sz’ _ fo J;.i( )az( ) (2.48)
o ai(t)dt
To Fy, elvon 1 géon ouyvotnta oto Yeovixd didotnua tou nhaiciov mou egetdloupe,

otaduopévn Ye to TeTpdywvo Tou TAdtous |a(t)).

o Ytadwouévo evpog otiyuiadag ouyvotntag B; mou divetar and tny oyéon:

a2t + (filt) = Fui)2a2(b))dt

B; = -
Jo aZ(t)dt

(2.49)

e [locootd drapdppwaone ouyvotntag FMP;, (oo pe tov Aéyo twv nponyoluevey 800

bpLV.

B;

wi
o Méom ¥ tou otrywaiou nhdrtoue |a(t)|.
H petofAntd autr pog diver o exdvor yid Ty UEoT TIUY| TOU TAGTOUS TOU GUVTOVIoWOU

hoBavovtog UTOPLY U YeuUmxd QUVOUEVA OIS Ol TaAUO! SLOOPQWONE TOV UTHEY 0LV

péoa oe wa teptodo pitch (LyAua 2.19).






Kegpdiawo 3

MegvoooL emAOYNG

Xocpocx*cnptc‘cmd)v

H emhoyt| yapoxtnpio ey anotehel Eva mohl xplowo Briua ota mpoBhfiuata avory ve-
PIONE TEOTUTWY. 2ToY0¢ NS ebvar, SEBOUEVOL TOU dpyIx0U BIAVICUATOS YOQUXTNPIOTIXGY,
var emAEEEL Tar yapaxTNetoTixd exciva To ontola oyetiloviar TepioadTepo Ue To TpoBAnua. Me
TOV TPOTO AUTO AUEAVETAL 1) AmdBOOY, TOU CUCTARATOS X AVTIUETOTILETOL TO TPOBANUo TG
draotaotpotnTac. H emhoyn yopaxtnoloTixdy €yel napouolo poho Ue Tig Ued680UC YETOOY Y-
wottopol toug (n.y. PCA, LDA), ue v Swgpopd 61t emthéyetan anhd éver untootivoho and
Ta 01 umdpyovta yopoxtneloTixd. To mheovéxtnua authc Tne pedddou elvon 6Tt dratnpeito
N QUOIXY) ONUAGIA TOV APYIXWV YARAXTAPIOTIXDV X0t BIEQEUVATOL 1] OYETIXOTNTA TOUC UE TO
TEOBANUAL.

[ Ty emAOYY TWV YAPAXTNEIOTIXGY Ypeldletal o oTeatnyixy) avalfTnons unoou-
VOV xad®e xou ol OVTIXEWEVIXH ouVapTnoY Yoo Ty ofloAdynon touc. Avdloya e Tnv
ouvdpTnon-xeitipto, ue Bdon to onolo yiveton 1 emhoyt, tpoxinToLY 800 Baocixés xatnyopleg
alyoplduwy. Ot alybprduol emthoyhc Ue Ao TO TOGOGTO VALY VOPELOTS TOU TOEIVOUNTH Xdl O
alyoprdupor emhoyhc Ue Bdom TV EQappoYT xdmotou ewdixol giitpou. Ot alydprduot giktpou
€y 0uV xoAOTEPES OLOTNTES Yevixeuong xodmg dev eapT®dVTal and To GUGTNUA AVAY VHPIONS
Tou yenowonowlye. And v dhiy, ol akydprdpol tou atneilovial 6TO TOCOCTS AVAY VORLOTG
UTOPOLY Vo ETIAEEOUY YupaxTNEIoTIXd Tal omola GuVOLALoVTaL XUADTEPA UE TO GUYXEXQPIUEVO

7. N z
o0GTHUO TOU BIETOUYE.

3.1 AAyopuduol emtAoyrc Ue BAon TO TOCOCTO AVAY VK-
elore (wrappers)

Or ahydpripor autol aZtohoyoly €va UTOGUVOAD YopUXTNELOTIXWY UE Bdon To Toco-
016 avayvepelong mou tetuyaivel 1o cloTnua Tagvounone yenoldonotwvtas to. Ot dbo o
xhao o0l xo XUELOTEROL AhY 6ROl AUTAG TNS XATHYORIAS EIVAL 1) TPOC T EPTPOS TEIRLIXT, ETL-
Loy (FSS-forward sequential selection) xat v npog 1o tiow oeiptaxy emhoyy, (BSS-backward

sequential selection).

47
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3.1.1 Emhoy¥ npog ta epnpds (Forward Selection)

'Eotw 10 apyixd 60Voro yupaxtntoTix®y S, yeyédouc n. O ahydprdpog forward
selection emAéyel m yopaxTNEIGTIXA omd TO apyxd oUVORO PE €vary aunTind xon axohoudy-
Txd TPoTO. Luyxexplpéva o€ xdlde enavIAnPn TeocVETEL 6TO GUVOAO TO YUPUXTNEIOTIXG TO
omolo YEYIOTOTOLE! TO TOGOGTO AVAYVWPELOTS TOU TEOBANUATOL, AV CUYOVLACTEL UE ToL UTOAOLTTAL
Yoo TNEIoTIXd Tou o1 €youv emheyel. Apyixd To oUVOho elvatl xevd xou TO TPOTO YAUPAXTN-
ploTxd Tou emAéyetan elvor auTH TOU amd U6VO Tou UeYioTonolEl To T0c0aTH avayvopong. O
ahybpripog otapatdel oA @idoer oto m yapaxtnelotxd. Ilapaxdtw qaivovtow To Priwata
o€ Uoppt| Peudoxwdixa:

L. Apyxornoinon pe 1o xevé obvoro Yo = {@}, k=0
2. Emdoyv tou enbpevou yopuxtpiotinol X = argmaz,gey, Sucess_Rate[Yy, U {z}]
3. Avavéwon ouvéhou Yiiy = Y, U{a '}, k=k+1
4. Av k <m emotpogt| oto Brpa 2

ENUELDOEIC:

o O alybprduog FSS hettoupyel xahitepa 1oy to péyedog m tou {ntoluevou utocuvéiou

elvol wxpd xadae apyixd to ebpog avalitnong tou elval weyollTtepo.

7 Z 7 4 2 4 7 I 7
o To x0pto yetovéxtnua g uevddou authg ivor 6Tt dev etvan Suvaty| 1 enavadloAdynom xat
ATOUAXEUVOT] EVOG YOpUXTNEOTIXOU agdTou autd €yel npootelel oTo olvoho. Xuyvd

Y. XATOLL YopuXTNELoTIXd xad{oTavTon TEQITTA ENEITA And TNY TPOGUEST) VEWY.

Ipénet vo avagépouue 6Tt 0 alyoprdpoc FSS anotehel wo otpatnyix, avalhmnong
0TV onolol EXTOS aAnd TO TEAIXO TOGOGTO AVAYVGPIONE UTOREL VO EQUEUOGTEL XUl OTOLADHTOTE
GAAY avTixelevixy, ouvdptnon (ty. cuoyétion petall TV yopaxtnploTxwy). Qotboo anote-
Ael évay and Toug o xhaooixole akyoplipoug THTOU Wrapper, Yio GUTO Xak TOV AVUPEPOLUE

o€ aUTH TNV xaTnyopld.

3.1.2 Emloy¥ npog ta niow (Backward Selection)

O ohydpripog autodg ebvar 6UolOC YE TOV TRONYOUUEVO aAAd axoloulel avtioTpogr
dradixaoion. ZeXVOVTAS and TO apytx6d GUVOLO YAUPAXTNRIGTIXOY Tou dtadéTouye, agaupel xdie
POPd €VoL YAULAXTNPIOTIXG €TOL HOTE VO UEYLOTOTOLEITAL TO TOGOGTO AVAYVWEIONS GTO GOVORO
TOU AMOPEVEL

1. Apyxonoinon pe 1o apyxd ohvoho Yo = {S,}, k=n
2. Anopdxpuvon tou endUEVOL YapaxTNEIoTIX0) X = argmazyey, Sucess_Rate[Yy, — {x}]
3. Avavéworn ouvéhov Yy =Y, — {z7}, k=k-1
4. Av k> m emotpogt oo Brpa 2

[Tpéner va onuewwdel ot

o O alyopripoc BSS hertoupyel xohbtepa dtav to péyedog m tou {ntoduevou utocuvéiou

elvan weydho xaddg apyxd to edpog avalitnorng Tou elvar ueyahitepo.
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o To xlplo petovéxtnua g wetddou authc etvan 6Tt dev ebvon duvaty 1 enavalohdynom

EVOC YopAXTNELOTIXO0U APATOL aUTO EYEL anopaxpuviel.

Hpéner va modue 61t ot uédodot FSS xan BSS anoteholy xatd Bdon drhnotoug ahyo-
pldpoug xat ouyva eyxhwpilovion o Tomixd PEYLOTA TOU T0606TOY EMiTUY oG Yiot To dedoUévo

weyedog utocuvorou M.

3.1.3 Emloy" pe npocixr xot apaipeon YopaxTNeloTIXmy o€ xAVe
Priper
H pédodoc auth npooradel va xahier tic aduvopiec twv nponyoluevey dlo (FSS,
BSS), npoopépwvtac tny txavétnta enavalloAbYNone YopAXTRIOTIXWY TOU TpooTédnXay 1
anouaxpivinxay and 10 6UVORO TEONYOLUEVLS. Luyxexpéva ot xdle enavaindn tpociétel
évay aprdud and L yapaxtneioTid xon ot cuvéyeta agaipel R.
1. Av L > R tote
Apyxonoinon ye 1o xevé otvoho Yo = {@}, k=0
AAALOC
Apyxonoinon pe to apyixé obvoro Yo = {Sp}
2. Enovddndn L gopéc x = argmaz ¢y, Sucess_Rate[Yy U {z}]
Yk+1:YkU{$+}, k=k+1
3. Enavédndm R gopéc x~ = argmaxzey, Sucess_Rate[Y), — {z}]
Yep1 =Y —{a7}, k=k-1
4. Av kE <m emotpopt| 6o Bripa 2

LNUELOOELS:

o To x0pto yetovéxtnpa authg g et 6dou elvon 6Tl LTdEYEL EAAELT YVOONE Yid TOUG X0
Tdhhnhoug aprdpoie L xo R mou mpénet va ypnotwonomdoly dote vo undpéet xahitepo

Z
ATOTEAECYAL.

3.2 AANyopuduol eMAOYNAS UE EPALUOYY EWOLXOU @iAToou
(filters)

Ot adybprdpor authic NG xatnyoplos YenoWonoloty »wg XetThplo Yio TNV agloAoYnoT
TWY UTOOUVOAWY GUVIPTACELS aveEdpTNTES UE TO TOCOOTO avaYVORLOTS. Luvilws ot ou-
VapTHoElg auTég YeTpdve peyE€dn oyetixd e v Yewpla mhnpogoplog, onwe eivon 1 apolBala
TAnpoopia YeTAEY TWV YAUPATNEIOTIXOVY 1 1 TANEOPOELd TOU BiVOUY T YULUXTNEIGTIXA YL TO
npoPinua. Kiptog oxondg twv uetddwy autev elvon va eTAEYOUV YApaxXTneloTixd o onoia

va elvat 660 10 BUVATHY TEQIOGOTEPO ACUOYETIOTA UETAEY TOUG, ot TUPAAANAL, OYETIXE UE TO

TpoBANuaL
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xlh

Syua 3.1: Tapdderypa yopoxtnetotixodv ue youunhd F-scores [47]

3.2.1 A\yépwipog emhoyrc we Bdon to F-score

O ahyodprdpog F-score anotehel o anhi| p€dodo yio TNy YETenom e dlapopeTixdTr-
T0¢ 800 CUVOALY TEAYHATIXAOY opIU®Y. AEGOUEVLY TWV BLAVUCUATWY YAQAXTNPLOTIXDY TWV
detyudtwv exnoidevone xx, k = 1,...,m, éav ny xou n_ eivon 0 aprduds TV SEryUdTOY TOV

000 BlaPoPETIXWY XAdoewY T6Te To F-score yio 10 4-0016 yapaxtnpioTind opiletan wg:

F() = ——; — (3.1)
(+) _ =(+)y2 (=) _ =2
il - el —al)

oTmou T T, @H), a’sgf) ebvon avtioTotya ot géoeg TIéS ToU 1-00T00 YapUXTNEIOTIXO) GUVOAL-
x4 oo Delypota, oo YeTind wovo delypata xou ota apvnTxd detypato. Me x,(;;) ouuPoiilouvye
TO 1-00T0 YAPUXTNEWTIXG Tou k-00t00 Yetixol Seiypatoc (avtiotorya yio to apvntind). O
aprdunthg ebvon éva uétpo yio 10 T60O BlaPépouy To VETIXG and Ta ApYNTIXA DE(YUATA, EVE O
TOPOVOPAGTAS UETRAEL TNV DLUPORETIXOTNTA OTO EOWTERIXG TOU %A GUVOLOU.

‘Onwg hoywd mpoxintel, 600 peyahitepo eivon to F-score evog yapaxtnpiotixol, 1660
TEQLOGOTERO XAUTAAATAO XplveTar Yia vo Sty wploet Ti¢ 800 auTES XAJOELS.

‘Eva petovéxtnuo autic tng uedédou eivar Tt dev haufdver LTOYY TRV GUUTANEWHRATIXY
TAnpogopla peTall TV YapaxTNEIoTiX®Y Tou emAéyel. Kdlde yapaxtnpiotind ofioloyeito

e e 7 4 4 / 4 4

Eeywprotd, aveZdptnta and Ty tidavh cuvdaotixd dOvaurn Tou pe to undhotna (Lyhua 3.1).

Yo oyfpa 3.1, xon 1o 800 YupaxTneloTixd X1, T2 EYouv yaunid F-scores xaidti o nopa-
vopoothc (To dlpolopa Twv BlaoTop®y TV 800 ¥AdcEwY) eivan opxeTd HEYAANDTEROS and TOV

4 4 4 4 ’ 7 I 7.

aprdunth. Qotdéoo oe cuvdlacps Ta 800 yopaxTNEoTIXd dayweilouy xavoromTixd Tig 800
wAAoELC.

O ahyobpruog F-score anotehel o mohl amhy xat yeriyopn wédodo nou diver ouyvd ixa-
vormonTixd anoteAéopata. Luvilwg emAéyetal Eva GUVOAO YOQUXTNPIOTIXGY TV OTOIWY TO

F-score eivon ueyahltepo and xdmoto xatw@ht Tou opillouye.
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3.2.2 Alyobpripog pEYLOTNG OYETIXOTNTAS %O EAAYLOTOU TAEOVA-
ocwob (MRMR)

O alyobpripoc MRMR npotdidnxe and toug Peng et. al [48] xou otoyelet otny emhoy?

EVOC UTOOLYOAOU TOU OTOIOU T YOPUXTNPLOTIXY EYOUY UEYIOTN CUOYETION PE TO TEOBANU

avayveptong mou eEeTdloude, xat Tautoyeova, eAdylotn auolBaia TAnpogopio ueTald Toug.

Suyxexpévo to apyixd tou ahyoplipou umodnhevouv d0o emdt@ielg, TRV uéylotn “oye-

TIXOTNTA” %o TOV eAdyloTo “TAgovacpd”. XNy cuvéyela TapouctdloVUE PE TEPLOGOTERT)
Aentouépeta T Bactxd onueior Tou alyopidpou.

Opiloupe apyixd v ouvdptnon apoBaiac tAnpogopiac (mutual information) 6%o Sua-

XPLTOV UETABANTOVY WS:

= 5 plason e (32)

XenoonoloGue Ty cuvdETHoT, cxpmﬁoucxg TAnpogoplag we Eva YETPo OUOLOTNTAS UE-
g0 Twv 600 petaBintey. H 1déa niow and to xpithplo tTou ehdylotou Thcovacuol eivon va

OlohéZovye yapaxTNEIoTixd To ontola €youv PeTadh Toug Uixpt| apotBala TAnpogopla.

Av pe S oupfolicoupe 10 GUVORO TV EMAEYUEVRDY YOQUXTNPICTIXWY ATO TO APYIXO OU-

voho €, 161€ To U€Tpo TOL TAEOVAGUOU Yl auT To 6UVOAO Bivetan amd Tov ThTO!

= 2 Z i,7) (3.3)

1,JES
émou pe | S| ouuPoliloupe to n)\ﬁﬂog TV yopuxtnetoTixey tou S. To xpitrpto Tou eAdyt-

oTou Theovaouol avalntd to utoclhvoho S To onolo ehaylotonoel o Ws.

‘Eotww 6t ye C ovyPorilouye t0 oUvoho TV xhdoswy Tou eugaviCoviar oto TedBAnua
wog. XenotwomolevTog xol TdAL TNV auvdptnot apolfaiac Thnpopoplac, UNOPOUUE Vo UETEY-
COUUE TNV OYE0T TV YUPUXTNPIOTIXWY EVOC GUVOAOU PE TNV UETABANTY TOU GUVOLOU TWV

xhdoewv C= {c1, c2, ...c, } TOU TPOBAAUATOC Wac:

075 ’S’ ZI C ] (3.4)

ieS
To xpithplo g péytotng oyxetxdnrac avalntd éva clvoro S mou yeylotomotel To
Ve,s Yl 10 ouyxexpiuévo medBAnua avayvoptong we xAdoelg tou avixouy oto C.
Tehxd o aryoprtpoc MRMR npoonadel va ixavonotioet xon to 800 Topamdve xpLThAplol UEYL-

OTOTOLOVTAS TOV AGYO:

> I1(C,i)
mal'SCQIiES—H (35)
@ Z 1(27 ])
i,jES
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I v ebpeor g BéATiotng Aborg, 1 toAuthoxdtnta Tou alyopiduou etval O(|Q||S|)
6mou [Q] o ouvohixds apriude TV YaPAXTNEIOTIXGOY 6TO0 TEOBANua yag, xadds yeetdleto
eCavtinuixh) avalAtnon Ghwy twv utoouvolwy peyédouc |S|. Qotdoo oty npdln xuping yia
A6youg tohunhoxdtntag unoloyiloupe wa Aoor mou eivon xovtd ot Bértiotn. O tpdnog etvar
0 TOPUXATE:

Apyixd emiéyoupe to 1o yapaxtneioTixd 1ou GUVOAOU, To omolo elvon auTéd TOU UEYI-
OTOTOLEL TO XPITAPIO TNG UEYIOTNG OYETIXOTNTAC. TN GUVEYELX TO UTOAOLTOL YAURAXTNPLOTIXG
emAéyovtal Ue axohoudntind tpodmo, dpota ue v otpatnyxy avalitnong FES nou neprypd-
baye mponyoupévwe. Ihio ouyxexpéva, av S eivar 0 TEéyov 6OVOAo pog, TOTE xaVe Popd
TPOGUETOVUE TO YupaxTNEIoTIXG 1 yiat To onolo peyioTtonoteitoar o Adyog:

I(C, 1)

MmarieQ-s—7

JjeS

(3.6)

H Srodixaocio teppatiCer wohic prdooupe oto emduuntd péyedoc ouvorou. Xpewdleton
Vol TOUUE OTL TPOXEWEVOU VO YENOWOTOCOUPE TNV couvdpTtnon g agoBaiag TAnpogopiag
yior Dlaxpitég UETAPANTES OTWC OpIOTNHE TAPAUTAVE, TEETEL APYIXA VA OLUXPLTOTOICOVUE OhaL

TOL Y AEAXTNELOTIXE TOU TEOBAAUTOS.

3.3 2XuVvouaoTiXog AAYORLIUOC ETMLAOYNS YOEAXTNELOTL-

’

XKWV

‘Onwg avagépaue xal TpoNYOoUREVWLS, aToug akyodpliuous TOnou wrapper, 1 yenotuo-
TNTU TOY YALAXTNPICTIXDV aZlohOYETOL GURGOVA UE TNV axpiPeLa avary VidpIong Tou TETUYAlVEL
10 oboTnua pog Yenotwonowwvtag to. H dodixacio aut etvan ocuvidwg ypovoBodpa, eneldy
nepthop3dvel exTUlBEVOY) TOU GUOGTAPATOS Yiat Xde LTOPHPIO UTOGHVORD YOPUXTNPIGTIXWY,
EVO EMUTAEOY AYVOELTUL ) CUGYETION Xl 1) IAATAOETLXGAUYT UETACY TV YARAXTNPIOTIXWY TOU
emAéyovtar. And Ty dAAn, ot uévodot tinou filter AauBdvouy unddiy Toug xprtripla apoBatog
TANPO(ORIAG X OTATICTIXNAS CUOYETIONS PETUEY TOV YULAXTNPIOTIXGY, SLTNedVToS Tapdh-
Anhot younhy) TOAUTAOXOTNTA TOU TOUG EMUTEENEL VA EIVOIL ATAES Xt YPRYOPES GTNY LAOTOING.
Qlotd00 oL ahybpripol giktpou ayvooly Tekeiwe Tov TUTO ToU TAEIVOUNTY TOU YENOILOTOIOVUE
x4tt Tou oLy Vv tallel GNUAVTIXG PORO GTO TEALXO UTOTEANEGUA.

Hpoxdnter howndy pe Aoyixd 1pémo 1 1d€a avdnTuEng evog cUVOLAGTIXOY CUCTAUATOC €-
TAOYNC YopoXTNEIoTIXWY Tou Yo yenotwonotel xat Tig dUo napandve xatnyopies. Mia miovy
Aoom elvar ohydpripog dlo otadiwy, 6mou 610 TEKTo 0TAd TponYEltal Xdnowa uéBodog Gl
TPOU EVG 0710 BelTEPO 6TAd eapudletan uédodog wrapper 6To UTOGUVOAO TOU TPOEXUIE.
Me autdv tov TpbéTo cuvdudlovtar ta YeTind onpeior xou v 800 UeVddwY, EVE TopdAANAL
UELOVETAL OMUAvVTIXG 1) TOAUTAOXOTN T xadwS 0 wrapper €yel Théov w¢ €loodo éva dpxetd
WXEOTERO GUVONO ATO ACUCYETIOTA YAPAXTNPLOTIXG. 2 T0l TEIPSUATA UG, YPTOLHLOTOIOUUE GTO
Tpw 10 6Tddo Tov alybprdpo MRMR o onolog emdéyer nepinou 10 1/3 tov apyixmy yopaxtn-

PLIOTIXOY, Xat 0T oLVEyEla évay and toug ahyoplipoug FSS, BSS yio va npoxtider to tehind



3.3 Xuvovaotixde adyopiduoc emAOYIC yopaxTnoloTixwy

OLAVUOUA Y ARAXTNPIOTIXOV.

Feature Selection (2 stages)

N backward
SIZ{ECI};/{ORH =P |feature selection —_—
wrapper

Eyfua 3.2: Luvduaotixde ahydprdyog emhoyhc 2 otadiov [11]






Kegpdiowo 4
MeAetn Ta&ivountwy

H emhoy?| tou xatdhhnhou tadivounty| anotehel 1o teheutaio otddlo ota tpofiiuata
NG AVALYVWPLOTS TROTUTY, xou elvar e&ioou onpoavTixt Ye Ty eaywyn yopoxtnetotixey. To
XATAAANAGTERO €ld0¢ Tadivounth| e€opTdtan YeVIxd ond 1o TpoBANUA ToU €YOUUE VO OVTLUE-
TOMOOLYE. Xty O pog nepintwon, newpagatiotixaye pe didgpopoue talvountée (KNN,
HMMs, GMMs, SVM), wotéoo ta neplocdtepa netpdpota €ytvay e Bdorn toug d0o teheu-
tafoug. Xto xe@dhato autd Yo neprypdoupe tov Tpémo Aertoupyiug Twy talivountoy GMM
xow SVM.

4.1 Toagwopnthc pe xphon wiypatog I'vaovoiavay (GMM)

H ta&wéunon pe GMM (Gaussian mixture model) otnpieton otnv 1déar 611 1) G-
vlpTnoT muxvotntag mavetnrag wog tuyadag petaBAnThg umopel va mpooeyyiotel ye €va
Youuuxd ouvduaoud and cuvapTAcElS xavovixhc xatavoprc. Ta xdlde xhdorn cuvaioOruo-
T0¢, unoloyiletan éva WOVTEAO Yia Vo TROoEYYIOEL TNY ouVdETNoT TUXVOTNTAS THAVOTNTAS
mou axohoudel N UETABANTY TOU BLVOOUATOC YAPUXTHPIOTIXWY. XTNV GUVEYELL XATIYOpLO-
motel évar véo Belypa oty xhdon g onolag To wovtého tou divel Ty yeyahitepn mdavotnTa.

TMopaxdte neplypdpoLUe o avaAuTIXd Ta facixd onuela Tou ahyopriuou Ta&tvounong.

4.1.1 Movtélo plypatog I'taouotaverv

’ Z 7 ’, 4 4 I 4
Eva povtého piypoatog M I'xaouctavdy divetar and TNy Topaxdte oyEoT:

M
p(x|A) = wig(x|pi, i), (4.1)
=1

6mou x elvar 1) D-8idotatn petaBAnty, () To Sidvuoua yupaxtneloTixwy), w;, i=1,....M
efvar ta Bdipn Tou Ypopmixol cuvdiaopol, xat g(e|u, X;) elvon ot empépouc I'xaouotavéc tou

s 4 2. 14 Ié 7. Ié
wiypatog. O avahutindg t0mog wag I'raovoiavic D daotdoewy eivar 0 mopaxdte:

1 1 Ty-1
) — =g (x—pg) VB (x—pa)
g(x|pi, ;) = (27T)D/2]Ei|1/26{ 3 (x—p ma)}, (4.2)

95
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p(x)a

:__:‘

SyAua 4.1: Miypo I'xaovotavéy prog petafintic [49]

6mou 1 elvor To BIAVUOUA TOV UECWV TGOV xou X; elvon o mivoxog cUMUETOBANTOTY-

’, 4 ? 4 7 4 M
Tog, eve Ta Bden tou adpolopatoc mpénel va xavorowly v oyéon Y i w; = 1. T
va optoVel TAfpwg éva ubyua M I'xaovolovedv yeetdleton va mpocdloploToly oL TopdUETEOL
A= {wi, 1, B}, i =1,..., M. O nivaxeg ouppetahntdtntag ouyvd Yewpobyvtar drory@viol

unodétwvtag aveloptnoia petald tTov D uetaffAnTtey Tou Slaviouatog X.

4.1.2 Yroloywopog napopétpwy tou GMM

Me dedopéva ta delypata EXTUBEVOTNE TOU AVTIGTOLY 00V GE XATOold XAAOT), EMIUROU-
ue vo vroloyioouye Tic Tapagétpouc A Tou pwoviéhou GMM, état Gote 1 xatavouy| tou Vo
mpoxOYer va Toupldlel 660 To SUVATOV TEPIGCOTERD UE TNV XATAVOUY TwV derypdtwy. o Tov
UTOMOYLOUS TwV TOPUPETPWY Yenatponoteitar 1 Stadedouévrn uébodog tne péylotng miavopd-
VELG.

Me8o80o¢g péyiotng nrdAvopAVELLS

‘Eotww 6t éyoupe éva obvoho S amd n Selypato exmaldevong Xi, ..., X, To omoio
aviAxouy o€ xdnowa xhdor. Oewpolue 6t ta delypata autd axolovdolv wa xatavour p(x)
UE YVWOTY TORUUETEXT LOpRT|, ET0L KOTE AuUTY Vo Tpocdlopiletar Lovadixd and eva Slivuoua
nopopétowy A. T va det€oupe Ty e€dptnom and to didvuopa TapopéTewy cupBoiilouue
v xatavour e p(x|A). H pédodoc tne péyotne mavogpdvelas dewpel 61t t0 dtdvuoua
Topagétowy €yel otadepy| T 1 onola mpénel va npoodiopiotel. §d¢ xatahhnhotepn T Yo
TNV TupdUeTEo A Yewpeiton 1 Tipn mou peylotonotel Ty miavotnTa va tpogxuay o delypata
exnaldeuong nou Soétovpe. Oewpwvtag 0Tt Ta delypota tpoéxuday pe TpoTo avedpTnTo

wetagd Toug, 1 ouvohixh mdavéTnTa Yedgetal wg eEh:

n

p(SIA) = T p(xxld) (4.3)

k=1

4 4 z 7 4 e 7 7
Enewy) n mbavétnta auth eaptdton and 1o A, ovoudletar cuvdptnoy mdavogdvelag
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Tou A yiot To oOvoro S twv detyudtov. O Aoydpripog tne mbavogdvelag ypdpetou:

n M
Inp(S|A) = Zln{Zwig(xk\ui,Ei)} (4.4)
k=1 =1

Alyopwdpoc EM (Expectation-Maximization)

Ané tov mponyoluevo TOTO Qaivetar OTL YLl TOV UTOAOYIOUS TGV TOQUUETEWY TOU
UEYIOTOTOWO0V TNV TaVOQAVELD DEV UTAPYEL XATOoLo AVIAUTIXY OY€on xAeloTol TOMou. Mo
emthoyt ebvar 1 yprion xhacowady pedodwy apriuntixnic avdhuong. Evolhoxtind yenotuonoto-
we tov Yvootd akybprduo EM (expectation maximization). H Bacixd 18éa tou akyopiduou
elvan 6Tt EexnvmdvTag Ue éva apyixd povtélo ue Topauétpoug A, mpootadel vo unoloyioet €va
véo uovTého pe TapouéTeous A, €tot ote va toylet p(S [A) > p(S|A) . St ouvéyea to véo
ouTO POVTENO YIVETAL TO aEY X UOVTEAO Yiol TNV ENOUEVY ENAVIANYT, xou 1) Bradixacio cuve-
yiCetou péypic 610U cavomomlel xdmoto oo cUyxhong. Etor o ahydprdpoc EM oe xdie
emavalndr anoteheiton and 800 Paoixd Briuata ta onola e€acparilouv adZovoa Topela TNV
ouvdptnon mdavogdvetas (Bruata E xon M). Topaxdto neprypdpoupe ta Bacixd Pruata tou
alyoptduou.

1. Apyxonoinon twv nupauétewy U€ong TWNAG i, OURPETUBANTOTTAS ) xou Bapddy w;
XAl UTONOYIOHOS TNG dpyXNE THAS NS mdovo@dvelag. ApytxomoinoT TV TopouéTewy UEe
yefion tou akyopliuou k-means diver cuvidwe xahitepa anotehéopata.

2. Brpa E. Trohoylouds twv petaintodv “avdideong eudivng”

wig (X || iy 24) (4.5)

Vki = 737
> wigxillps, ;)
j=1

ArouoUnuixd, 1 UETABANTA Vi METPAEL TO 1000010 “eudivNE” NG -00THS YXAOUGIAVAS
Yo Ty Sixatohbynon tou delypotoc Xi. Ioyber 6t yr = p(N\i [xk)

3. BApa M. Trnoloyiogds TV VEOV TGOV TV TUQUUETEWY YENOHOTOIOVTNS TIG TEE-

YOUOES TWES TOV YETABANTAOV Yk Tou Peédnxay oto Brua E.

1 n
i = N Z’Ykixk (4.6)
Y k=1
ynew _ i i ‘(X _ new)(x _ new)T (4 7)
i = N, Vi Xk — K E— My .
k=1
new _

T,

N;

i n
6mov Ny = > 701 Vii

4. YTrohoyiopog tou hoyaplluou tng mAVOPAVELdS PE TI TREYOUOTES TIIES TWV TUPUUE-

Tev A = {1, 3;, w; } o €heyyoc yio 1o av txavormoteitar To xprtipto abyxhione. Av oy,

emoTEoPY| 0To Bua 2.
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Yo oyfpata 4.2,4.3 gaiveton To anotéheoua NG e@upuoyhc Tou aiyopituou EM
Yioo TV €VPEDT) TOU XATAAANAOU povTéhou piypotog I'xaouctavey yio €vo oGVoho detypdtwy

EXTAUOEVOTG.

Yyfuo 4.2: TTopdderypa unoloyiopot piypatog I'raovciavev oe dedopéva 800 SlaoTdoewy
[50]

Lnpewdvoude 6Tt Yo TNV €0PECT) TV TORUPUETEWY A TOU POVTEAOU pog €YOUUE UTO-
Veoet ott 0 aprdpos M twv I'raouotavey Yewpeitar yvwotdc. To nhidoc twv yxaouclavey
enneedlel onpavtixd Ty axpifeia ye v omoia npooceyyiletar n xatovour Twv SElYUdTLY Xl
e€optdtar xde Qopd and to mEdPAnue. Amateiton Aomdv TEROPATIONOS Yiol TV EUPETY TOU
xatdhhnhou mhridouc. Meydho M odrnyel oe unepexnaidevor (over fitting) evd wixpd M Siver
aoVeVH TPOGEYYION TNS TEAYUATIXNG XATAVOPNc. Axdua TOAD cuyvd Yo Yden Uelwong Tng
TOAUTAOXOTNTAG TWV UTOAOYLIOW®Y, Ol TVUXES CUMUETAPANTOTNTOC TV I'xaouciavey neptopi-
Covtan oTo va efvan Sory@viot. O Brorywviog mivaxog oLpetaBAnTtotTnTag Yewpel avelaptnota
petagd tov D petofintev e 'naovctavic, x4t mou otny mpdéy dev woylet mdvtote. (2-
01600 eneldy| xataoxevdlovye plypa and I'vaovotavés unopolue pe évay apxetd aptiud and
QUTES VA TPOCEYYIOOUPE EUUETH TIG OAATAEEAPTNOELS TWV PETUPANTOV Xl Vo XUALPOLUE OE
évo Badpd TV yopévn TAneo@opio TOL oy VOOUUE.

Téhog mpénet va tolye 6Tt e xou dAdeg pédodol Bedtiotonoinong, o alydprduoc EM
dev eyyudton 6Tt Bploxel T0 CUVOAXS PEYIOTO TNG GUVARTNOTNE TUAYOPAVELIS. TNV YEVIXT
nepintwao N AVoT Tou GUYXAIVEL OE €val amd To TOTUXA PUEYIOTA TG CUVAPTNOTS TO OTOIO EA-
miCouye va etvon xou amd ta weyarbtepa. H opyixonoinon twv napauétpmy tou e yprorn tou

k-means Bonddet tpog auth TV xatediuvon.
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Eyfpo 4.3: Koatdhinhog apriude I'naouvotavdy unopel vo tpoceyyloet onoladtoTe XATavour)
[50]
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4.2 TaZwopnthc SVM (Support Vector Machine)

O ta€vountic SVM emvoriinxe xot dlagoppwinxe otny TeEMxY Tou Yopey and Tov
Vapnik [51] to 1995 xat and téte €yel ypnotponomiel euplitata 6TIC EQUPUOYES TNE OVALY VEPL-

7 I 7 7, 7 N I
orng meotinwy. O SVM avanopiotd to SlavOoUaTo YopoxXTRIGTIXGY TV OLAPOpeY DELYUAT®Y
oav onueia 0TOV M-BIAGTATO YWEO Xou 0TY cuvéyela TpooTolel va Bpel wa emdveto tou Vo
Ta Sroywpilel BérTiota oTic 800 BlapopeTiXéc ¥AAoEL Tou aviixouv. Béktiotn Saywplotixt
EMLPAVELN VEWPELTAL AUTY] TOU PEYIOTOTOLEL TNY ANOCTAGY TNG And TO XOVTVOTERO oNueio o-

4 ’ 4 2 4 7, /. 4 I

TolodONToTE XAdOYG, TETUYaivovTag €10l UéyioTo Tepridpto PeTall Twv 000 xAhdoewy. Xt

ouvéyeLo TapouatdloVUE UE TEPLOGOTERY) AETTOUEPELN TOY TOEVOUNTY.

4.2.1 TYnepeninedo SLayweloRoL xal KEYLOTO NERQLIWELO

‘Onwg avagépaye, o DIavOCUATI YOPIXTARIOTIXWY UWHXOLUS M Tou €youue e&dyel and
Ta BEIYHATO TV BLapopwY XAJoEWY avTioTolylovTal o onuelol 6TOV M-BldoTATO YWEO: X; €

R™. H e€lowomn mou meplypdgpet €va UTERETITESO 0TOV YWEO AUTS EYEL TNV LOPPY:
wlix+b=0weR™becR, (4.9)

onou w etvon drdvuopa xdieto oto unepeninedo xo b otadepd.

Apyind vrodétovye 611 Ta Selypata avixouv e 800 BapopeTixé XAJoEC xot OTL To O
pelor 0ToV M-B1doTATo Y WO efvan Ypouuxde Saywploa, undpyet dnhady éva urepeninedo To
omnofo va ta draywpeilet oTic 800 aUTEC XAJOELS. DTNV TEAYHATIXOTNTA UTHEYOLY ANELpd TETOL
UTEPETUNEDN, WOTOCO EUELS EMAEYOUUE AUTO TOU APTVEL TO PEYIOTO TEPLIWELo PETAEY TV dVO
xhdoswyv. O Aoyog nou Yewpolue Péhtioto autd To unepeninedo eivon o e€hc: O Baoinde
oxom6g tou Tadivounty elvor va pardaivel and mapadelyoTa o 6T CUVEYELL Vo avary vepilet
™V xAdoT evog VEou Bebypatog e€etdlovtag TNy VEoT TOU O OYEDT UE AUTA TN)G EXTIUUBEVOTC.
Av emhéyaue éva DlaywptoTixd unepeninedo 1o onolo anéyel uixph andotaon and o onueia
xdmotog xhdomne, téte Vo unhpye peyurbtepn mdavotnta éva véo delyua va Bpeldet xovid oto
ovopo xau va xatnyoponomlet haviaouéva. H ixavotnta evog tadivounty| vo yevixelel and
o DE(YHATO TOU EXTOUDEUTNXE XAl VO XUTNYOPLOTOIEL 0T VEX dyvwoTa delypata ovoudle-
o txavdTTa yevixevone (generalisation ability) xar e€optdton and to neprwpto petall tou

Loy wEIeTIXOL EMTEDOU XU TWY BVO XAACEWY.

[poywedue pe Toug Mapaxdte optogolc:

Aoy wprowpotnTa: Eva oOvoho derypdrwv exnaidevone S = {(x1,41), -y (Xn, Yn) :
xp € Ny € {—1,41}} (énov 10 yi, unodnh@ver Ty xhdom oty onola aviixel 1o onueio
X)) ovoudletar Ypapuxoe daywplowo étav undpye: éva unepeninedo wlix + b = 0 tétowo
Oote v 1oy louv:

wixp+b>+1, av yp = +1 (4.10)

wixp+b<—1, av yp = —1 (4.11)

To unepeninedo mou opiletar and ta w, b ovoudleton droywELGTIXG.
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XZJ H1 |—|3
®9
°® [ )
Q\‘»
P o
OO
Ooo
O oo
Ix.

Eyfua 4.4: To unepeninedo Ha dev Sroywpilet Tig 600 xhdoeig. To Ha Tic draywpilet ue uixpd

bpoe tepriodplo xon téhoc to Hy to netuyaiver pe to péytoto neprdpto [52].

Meprdhpro: Ocwpolye 10 daywplotind unepeninedo H mou opiletor and v w! x+b =

0. H andotaon evog onuelon X and o eninedo autd opiletar wg:
Cr(w,b) = yp(wTx +b). (4.12)

7 4 7 4 7 7 7
xo 0 TEPMIDPLO TOU CLVOAOU TwY orueiwy S and To eninedo H, opiletar w¢ N ATOGTACT, TOY

H amd 1o xovtivétepo onpeio:

Cs(w,b) = min y,(wlx +b) (4.13)

XLES

Yyfua 4.5: Trepeninedo yéylotou neprimpiou yior Tov Blaywpelopd Seryudtmy dUo xhAGEWY.

Ta Selypota mou Bploxovtor nédve oto nepridplo ovoudlovton support vectors [52]
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4.2.2 Evlpeor BEATIOTOU UTEPETMLTEDOL

[a v xotaoxeuy) hotndy Tou BEATIOTOU BLoywptoTino) UTEPETITEDOU UmoUTOVUE Vvl

16 YYOLY TAVTOYEOVA Ol TAPUXATL CUVIAXES:
X xXP P <

max (gs(w,b) (4.14)
Cs(w,b) =1 (4.15)

Kou enetd?], 6mwe edxoha delyveton YEWPETPXE, TO EUPOC Tou Tepiwplou toolTal Pe
1/ ||lwl|, yia va peytotonomicouvpe to neprdmpto apxel vo ehaytotonotioouue 1o ||[w||. loodi-
vaga ehaytotoroolue 1o [|[wl|® /2 ondte tehind éxoupe va MIcoLYE Tic TopaxdTe eElodboeg

Tou anoteAolY éva TedBAnua deutepoPdiion tpoypaupatiopol (quadratic programming):
1
min o [|w|? (4.16)

y(wix+b)>1, k=1,.,n (4.17)

Evodhoxtixd unopolue vo expedcovie to mpoBinua av ciodyoupe tnv Langragian

ouvdpTtnon:

N
1
L(w,b,a) = §WTW — Zak{yk[wak +b -1}, ap, >0, k=1,..,n (4.18)
k=1

xon o1 ouvéyela avalnticoupe 1o onuelo aéhhag (saddle point) tne ouvdptnone:

max min L(w, b, a) (4.19)

a w,b

Apywd vy v ehaytotonoinor, anutdviag OL/Ow = 0 xou OL/0b = 0, naipvoupe tic

TOPUXATE GYETELS:
n n
W= arykxp, Y axyp =0 (4.20)
k=1 k=1

xot avTXoHoTWYTAC OTNV TEONYOUUEVY, GYECT), TEOXUTTEL OTL TEETEL VO UEYICTOTOLJCOUUE

Y ouvdpTnon:

1 n T n n
max Lp(a) = —5 k;1 YRYIX) Xiagag + ; ak, ; aryr =0 (4.21)

4.2.3 Ilepintwon YRUUUIXOS LN Staywploluwy delyhdTtwy

Méypt topa €youpe unodéoetl Tt ot 800 xAAoEL DetyUdTLY eivar yoaumxd Sy welot-
HES, XATL TOU TOAAEC Qopéc Ouwe dev auuPaiver oty Tpdlr. 'Etot to 1995 o1 Vapnik, Cortes
[63], tpdtewvay wia tpononoinon tou SVM 7 onofa avalntd v tadvounth uéytotou neptdew-
plou emTpénovtag Opwe mapdhhnha Ty havdacuévry xatnyoplonoinoy xdnowwy deryudtoyv. H
wédodoc “yohapot” neprdwpiou (soft margin) édnwe ovopdleton, emhéyel €va unepeninedo to
omoio Slayweilel ta defypata 660 mo Eexdapa Yivetar npooTaddviag Tapdhhnha Vo UeYL-

OTOTOMOEL TNV ANOCTACY, TOU N6 Tol XOVTIVOTEPY OWOTA XaTryoptonoinuéva delypata. o
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oLYXEXPIUEVAL €Y OUpE:
Ewdyovtag wa detxr) otodepd £ “yolapdVoupe” Toug TEPLOplogols Xl O AVIGOTIXEG

OYEOELS UETATPENOVTAL OTIS TAPAXATE:
yewlixp +0>1—6&, k=1,..,n (4.22)
Wdyvouue yiow TNV dixpdtepn otadepd yahdpworng 1 onola ixavorolel tny:
&, = max{0,1 — yp[wlx; + b} (4.23)

Or tipéc v & npoadopilouvy Ty ¥éom TV X 08 OYECT PE TO DIy WELOTIXG LTEPENIREDO.

"Etol av:
o & > 1:y[wlxg + b] < 0, havdaopévn xatnyoplonoinom
o 0 <& < 1: To x;, xatnyoptonoieiton cwotd ahhd Beloxeton €viog Tou neprdwpiou

o { = 0: To x; xatnyoponoieiton owotd xon Bploxeton é€w and to nepridpo (¥ oto

olvopo Tou).

H avtixeiueviny ouvdptnomn nou elyaue mponyoupévws auidveTtal Topa xatd Evay 6po
mou Ty emPaplvel Yo Tic wn undevixée tiuée Twv & xou 1 Beitiotonoimon petatpéneto
o W aviaAhayr uetall peydiou meprdwplou xan wixehc emBdpuvong and ta Advy. H véa

OVTIXELMEVIXT| CUVERTNOT) EIVOL 1) TOROXATE:

N . S
g}gﬁb{QIWII +025k} (4.24)

k=1
yewlixp 40 >1-&, &>0 k=1,...n (4.25)

‘Onwe paiveton and Ty Tapandve oyéon 660 mo havidoouéva etvon xaTnyoplonomuévo
eva Oelypa 1600 meploadtepo emnpedlel Ty tehix) Véor tou unepemnedov. H emppor| twv

Adodv oty Yéom tou unepeminédou yiveton mo yohopr we TNy yelwon tng otadepds C.

4.2.4 Xvuvapthoeg tuprva (Kernels)

O ypauuxde tadvountic SVM npoonadel va draywploet ta delypota pe v yehon
evog unepemimédou. O ypouuixdg daywelogds etvar apxetd amhdg xat €yl Xohéc WoTNTES
YEVIXEUOTNS, WOTOGO XAMOLES POPES UTOREL VO Uny TouEldlel PE TNV PUOY TOL TEOBAAUATOS.
ITohhéc popéc ta delypata Twv 500 xAdoewy dioywpllovtar xoADTERA and U YeUUwXES Bio-
ywetoTixég empdveteg. H 1déa yioa Ty Abom tou mpoPARuatog eivon Vo avTIGTOLY iCOUUE YE
WOt U1 Yo, ouvdptnomn ¢(x) to onueld Xg 0€ VoY YOPO TEPIOCHTEPWY BLUOTIOEWY OTOV
ornolo Vo eival ypopuixes dlaywplol.

Enedy) oty eniluon 1ou 1poPApatog epu@ovi{oviol E0WTERIXA YIVOUEVI UETAE) TWV o-

YVOOTOY, 1 pop®t| Tne Abong eivon toodbvaun pe towv. ‘Etot epeic dev ypetdleton va E€pouue TNy



64 Kegdiowo 4. Melétn tadvountdy

Syfua 4.6: Tapdderypa Sorywpetouot ye soft margin [52]

Lopwx NS ouvdipTnomng ¢(x), ahhd apxel va yvwpilovue to ecwtepted Yvépevo ¢(x;)T d(x;),
10 onofo 10 ovoudlouvue ouvdptnon ruphve (Kernel), K (x;,x;) = ¢(x;)T o(x;).

O aviodtnteg xatnyoplonoinong avaypdpovial »g e€HG:

wlo(xp) +b>+1, av y, = +1 (4.26)
wlp(xp) +b< -1, av y,=—1 (4.27)
eved 1o véo mpoBhnua Behiotonoinong e yahapd meprddpio opiletar and TG TORAXETE
ouvifxeg:

min 1||w||2+cznjg (4.28)

web | 2 g '

k=1

pe ye[wio(xp) +0]>1—&, kow & >0 k=1,...n (4.29)

Mepée and Tic Mo yvwotéc ouvaptiioeic Kernel eivon or mapondte:
‘. _ T
o Dooapuix?: K(x;,%;) = X; X;

o Ilohvevupxd Boduod d: K(x;,x;) = (x x; + ¢)?

Syfua 4.7: Tapdderypa Sraywpetonod e yehorn wn yeauuxhc ouvdptnone Kernel [52]
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2
_ i }

o ['xaovooiavr: K(x;,X;) = exp [ -

‘Onwe napatnpolye, o tadivountic SVM xataoxeudotnxe Yio var XAveL Bty mploud
weTagl p6vo 500 xAJoEWY DEBOPEVLY. LyedldoTnxe dnhady| Yia va elvan Buadinog TavounTig.
Av Véhouye enoUévwe Vo XAVOUPE XATNYORPIOTOMOT DELYUATOY Ta ontola avixouy o N > 2
xhdoelg, Vo npénet va oyedldooupe Eva lepapytxd cloTtnua To onolo Va otnpiletoar o ouy-
xplocig avd 800 petadd twv xhdocwy. Eva noupdderypa tétot00 cusTHUATOS £lva auTd TTOL
yio éva véo delyyor, mpaypatonoiel Oheg Tig ouyxpioelg avd 800 PeTagd TV XAACEWY XAl OT)

OUVEYELL ETIAEYEL OC OWOTA XAAOT AUTH PE TIC TEPIOCOTEPES VixeS (oyhua majority-vote).






Kegpdiaio 5

ITewpdpuotar xou AMOTEAECUATA

Y1g nponyolueveg evotnTeg avantOZoue T0 VewpnTind unoBalpo oyeTnd Ye To o-
XOUOTIXY YOpUXTNELOTIXG, TOUS aAYopilUoug EMAOYAC YARUXTNPIOTIXGY, XA TOUC TUZVOUNTES
TOU YENOWOTOUUE GTNY €PELVAL UAG, UE OXOTO TNV XUATACKEVY] CUCTNUATWY oV VORLOTS GU-
VooUpatog péow Guvig. Xe autd To xe@dhaio Vo meptypdoupe avolutind T SLdpopes
epeuvTUIXEG TpooTdieleg Tou Eyvay ot TAa{oLo aUTAS TNS BtmAWWaTIXS, pall UE To aAmoTE-
Aopata touc. Apyixd mapadétouvue xdmota otoryeia yioo Ty Bdon dedouévwy 1) omolo yen-
owonotfinxe, xaddg xot yiot ToV TEOTO PE TOV omolo €Yvay Ta TERAATA o€ auth TNV Bdo

7 ’
(rerpapatind mhaioo).

5.1 DBdoelg 6edopévey

[o Ty eAétn g avory vedplong ouvataIiuatos HEow Guvig €xouv avantuydel apxe-
T€¢ Pdoeic DEBOUEVLV, Ol OTOlES OUME BLAPEPOLY WS TPOS TNV TELPALATIXT Bladixacion GUANOYHC
dedopévev. Trdpyouy o Topuxdtew Poaotxd Yéuata Tou TEOXOTTOUY XUTA THY XUTACKEUY) ULoC

Tétotog PBdong:

e To npwto %o Paocixdtepo apopd oToV TEOTO Exppacns Tou cuvatciiuatos. To ouvai-

oUnua propet va etvan auddppnto, ¥ vo tpocopotdletar Yeatpixd and ndonotoi.

o llow6 Va mpénel va etvan 1o enapxéc uéyedog tng Bdong oe oyéon ue tov aptiud TV

CUVACUNUATWY TOU ATUTOUVTAL, XUl TOCOL OANTES TPETEL VO GUUUETEYOUV.

H expovnon mpoxadopiopévwy mpotdocwy and nlonotolc ue npoonointd cuvaicVnua
elvon 1) mo oLYAUNC xat evxoha VAomotown teyVixh Tou yenowonoteltar. To misovéxtnua
¢ pev6dou authc elvan 6Tl ot cuviixeg dmutovpyiag Tng Bdong elvon andiuta eréyéiues. Etot
untdpyet 660 10 duvatdy xahiTePn TOLOTNTA NYOYRAPNONS xou ETAOYY) Tou emdupnTol apripod
ouvouoUnudtwy Tou Yo expwynioiy.

To Pacixd yelovéxtnua twv Bdoewy npoonomntol Aéyou elvar 4Tt opxetol EpEUVNTES
opploBNTolyV TNY PUOLXOTYTA Xl OUOLOTYTA TWV TPOCTOTAY GUVACYNUATWY OE OYECT) UE To
yvioua. Xuyvd yior Tapddely o To TpocTolnTd ouvansUpata unopel va etvon Aiyo unepBoiixd

xou evtovoTepa amd T avtioTorya avddpunta. otéco 1 Snuovpyia wiag Bdong dedouévey ue

67
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otyptoTuna autbpuntou cuvausBhuatog eivar 50ox0AN Yo apxeTolg hbdyous (Buaxohies oxpt-
Bolc yapaxtnpouot ouvoncOiuatos, Suoxoliec NyoyYpdynone xAr.), evé ot hiyootée Bdoeic
ToU UTdEY oLV eV efval YEVIXG DldECIUES OTO XOWO Yol YENOT).

Yo TEPAUATO UG YENOWOTOONUE TNV EUPERS SLadedopévn Bdon cuvatsUnudtey Tou
Havemotnuiov tou Bepohivou (Emotional Berlin Database) [54], n omofo Satidetar dwpe-
av yi yenon. H Berlin Database eivon $dor mpoonomntol hAdyou otny omola expwvoivtal
ot YEpUAVIXT, YAWOOW, TpoTdoels pe oudétepo nepteydpevo and 10 nlonotole (5 dvdpes xou
5 yuvaixec) ue dropopetind ouvausiuata xdde gopd. 1o ocuxyexpyéva, expovoivtor 10
TEOTEOEIC oL yprowonoolvia otny xadnueptvétnta pe 6 dapopetind cuvaotfuate (Yu-
woéc, péfoc, yopd, Aony, anapéoxeta, TAREN) xat To oudétepo. O Aéyoc Tou ExpwvolvTal oL
[diec mpotdoeic yia Oha Tor cuvorcUAaTa Efval Yo vor YiveTtal To e0XOAN 1 oUXYELOT) HETAED
oUVCUNUATWY X0t UETOEY TOV OWANTOY, YWl Vo EUTAEXETOL TO TEPLEYOUEVO TNS YEAONS.
Y ouvéyela, ot expuvioeic autég altohoyRinxay we npog 1o cuvaicUnua nou aneixoviCouvy
XL WE TEOS TNY QUOIXOTNTA TOUS Xat SLaTneRinxay LOVO aUTES YId TIC OTOIES 1) oVOLY VPLoT)
ouvatoVhpatog Hray mdve ond 80% xar 1 exTidwuevn guoxdtnTa Téve ond 60%. Me oy
Tp6T0 auTé €yive Tpoomdieio Ta TpooTomtd cuvauciuata vo xadpetilouv 660 T0 duvaTdY
xohOtepa o avtioTorya yYvhoia. Telxd emAéytnxay ouvohxd nepinou 500 expwvhoceis.

Téhog mpenet va avagépovue 6Tt 1 emthoyt| Tne Bdomng efvar TOAD onpavTixy Yiol TNV TOt6-
™t Tou cuoThatog tou Yo guddoupe. Ko autd yiatl extdg and 1o anopaltnto LAXS Tou
XeELolOPAGTAV VIO VA TIELRUUAUTIOTOVUE, AMOTEAEL X0 TO TEOHTUTO GUUYKVA YE TO OTOL0 EXTO-
debtnre 1o obotnua wag. To ouvatotiuota tou Tou dddydnxay wg Yupds, yupd, AbTn AT,
mpoépyovtal and auth TNy Bdom, xat YU autd Vo npénet vo elvon 660 TO BUVATOV TLO PEAALGTIXG

%ol ACLOTIoTA.

5.2 Ilepapoatind nAaicio

Ytoyog wog ebvar, dedouévng g Bdong dedouévmv mou dadétoupe, vo extadebooupe
évo cUoTnua To onofo Va avayvepilet pe emtuyia ouvonoUipota and véa dyvwota detypato.
Oéhouye dNhady) var GTIGEOVUE Vol CUCTNUO AVOYVWPELOTS UE XAAES BLOTNTES Yevixeuone. Tha
var YEVEL qUTO YpNOLOTOIOVTAS POVO TNV BAcT TOU SLETOVUE, YPTICULOTOIOVUE GUYXEXQPIUEVO
TPOTO AZIOAGYNONG TOU GUOTHUATOC. Luyxexpiuéva, otapepilovpe xdde @opd tnv Bdon o
2 x0pio pépn. ‘Eva yépoc yenowonoteiton uévo yia vy exnafdevor (training data) xat to
uréhotno yenowonoteiton yio Ty atohdynon (testing data). Ta avtiotorya nococtd eivou
ouvideg 70-80% yia exnaideuon xon to undAotno yio alOAGY Mo,

Yo Owd pog mepduata, yenowonowiye Ty uélodo Leave-One-Out 7 onola cuvnii-
Ceton vou YpnOLOTOLE(TUL OE GUGTHUOTOL OVAY VORIOTS PWVASC OTOU GUUUETEYOUY BlapopeTIXOl
EXPWYNTES. LOUGOVA YE TNV UEV0B0o auTrh UEVOUY Tal BE(YUATH TOU EVOS ORIANTY YLl TOV pOAO
e a€lOAOYNOTE, XAl Ol UTOAOLTIOL Ypmoudonotobvtan Yia Ty exnaidevot. Me tov tpémo autd
elvor Qavepd Twe Pmopel Vol XaTaoXELATTE! GUOTNHUO UE XOAES IXAVOTNTES YEVIXEUOTS VIO VO

YVGpeior aveldoTnTy ond TOV OUANTY.
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5.3 Toa&wdunon pue GMM

Y10 mpddTO Yug melpoya EMLYELPOUUE VA avayvewpioouue o €€l Baoixd auvato¥iwata
(Quude, pbBoc, yapd, Aomn, ThAZn, xat oudétepo), yenotponowdviac tov talvopnti GMM.
‘Onwe avagépope xou Tponyouuévns, Yio To xdve ouvaicdnua unohoyilouue €va BlaQopETL-
%6 povtého ubypatog I'naouctavody, xar ot ouvéyeia xatnyoplonotolue éva véo delypa otny
xhdom TNg onolag To PovTERO Tou Sivel TNV yeyohltepn mdavogdvela. 3TNV CUVEYELN TEPL-

YEAUPOUUE AENTOUEQRELES Yid TA Didpopa ONPEIX TOU CUOTAUATOS UIC.

Aentopépeleg UAOTOINOYNS TOLU CUGTHATOS
Do xdnde Setypa pwvhc tou Stadétouue, xdvoure oy wYT| YUPAXTNPICTIXWY OE TAdiotol
wxpnc ypovixnc didpxetac (15-25 msec), anoxt@vtog €10t Yo xdde axovoTixd YapaxXTNELeTIXG
W xugatopop@r 6to nedio tou ypdvou. Luyxexpiuéva, ta yopoxtnetotixd MFCC uroloyi-
Zovton oe mhaiowr Btdpxelac 25 msec xar pe Brua 15 msec (emxdhugn 10 msec), eved dha ta
vrdhoina yapoxtnpotixd (Pitch, AM-FM, Glottal flow), urohoyilovton oe pr emxahuntd-
weva mhadoto dtdpxetag 15 msec. T xdde Selypa gwvic Aowmdy, e&dyouue avd mhaicto ta

TOEAXYTE YOPUXTNPLOTIXY:

12 MFCCs & 17 nopdywyog twv MFCCs

Oepehddne ovyvétnra (Pitch)

20 yopaxtnprotixd Yhottdixol nakuot (Glottal-Flow) (18 oto nedio tou ypdvou xar 2

o710 1edio Tne ouyvoTHToC)

12 yapaxtnprotixd AM-FM

‘Etot, oty yevur nepintwon nou e€dyouyde cuvolxd M Slopopetind yopaxtrnpt-

oTxd, ov éva delypa gwvrg anotedeitan and N mhaioia, téte Yo mpoxdhouy N draviopata
7, Z Z 7 7 7, 4

YapaxtTnelo Ty, ueyéoug M 1o xadéva. To xdie drdvuoua yopoxTEIGTIXWY ATOTEAEL HLol

TOEATHENOT), XU Y PNooTnolelTaL YioL TNV exnaidevon tou avtioToryou yovtélou ulyuatog I'wo-

OLGLAVOV.

Iewpdpota
Y10 npodto mElpoua, S0XWALOVUE TNV IXAVOTNTA TWV XAACOIXOY YARUXTNRIOTIXWY
MFCC o€ ouvbuaoud ue 1o pitch, yia tov dloywpiopsd twv 6 Pacixwy cuvasUnudtwy. Io-
pdhAnha, via vor eTAANIEGGOUUE TNY UTEROY T TWV CUGTNUATOY TOU YENCILOTOOLY TNV YVOOT
TOU PUAOU TOU OWANTY, EXTENOVUYE TO melpapa pe 800 dlagopeTinols Tponous: Apyixd @TLd-
YVOUUE CUCTNUA, TO 0Tol0 Ywelc Var ABel oty Tou To QUNO, ExTUdEVETOL UE TOUS 9 OUIANTES
xou a&tohoyeitan ye Tov 1 mou amopével, xal oTN GUVEYEW, PTIdYVOUUE GUOTNUA TO oTolo €X-

moudeleTon Xt adtohoyeltan EEYWELOTE Yiar AVOPES Xt YUVOIXES.
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Ané xdde mhaioio howndy, eZdyoupe 25 yapaxtnpioTixd. Lo to poviého GMM yenoipo-
notoVye 2 €we 12 T'xaovotavée pe dlaydvio tivaxa ovpgpetafintotnras. Kokltepa anoteréopa-
Ta napatneinxay yenoonowdvtag 7 I'vaovotavég yia to xdde yoviého. Ta anoteréopota

ouvoiCovtan otoug mivaxeg 5.1, 5.2 xou 5.3.

Xopd Ouude | PbéPog Abmn ITEn | Oudétepo
Xoapd 66.20% | 15.49% | 15.49% 0% 1.41% 1.41%
Oupde 17.27% | 77.27% | 4.55% 0% 0% 0.91%
PéBoc 15.94% | 4.35% | 49.28% | 11.59% | 13.04% 5.80%
Abmn 0% 0% 4.92% | 90.16% | 4.92% 0%
IThhEn 1.25% 0% 12.50% | 11.25% | 55% 20%
Oudérepo | 2.63% 0% 6.58% | 3.95% 50% 36.84%

pitch. To ouvohixd nocoatéd emtuylag etvor 62.74%.

[Tivaxag 5.1: IHoocootd emtuylag oe dhoug Toug owhntée, ue yerorn v MFCCs xa tou

Xopd | Ouuode | ®6Poc | Abmny | TIMEn | Oudétepo
Xoapd 61.36% | 27.27% | 4.55% 0% 2.27% 4.55%
Ouude | 30.19% | 64.15% | 5.66% 0% 0% 0%
Pofog 0% 12.12% | 66.67% | 6.06% | 9.09% 6.06%
Admn 0% 0% 11.11% | 80.56% | 8.33% 0%
IDuAEn 0% 0% 4.35% 0% 73.91% | 21.74%
Oudérepo 0% 0% 0% 0% 40.54% | 59.46%

varxeio mocoot6 emtuylac: 67.47%

IMivaxag 5.2: TMocootd emtuylog otig yuvaixeg, pe yenorn tov M FCCs xot tou pitch. Tu-

Xopd | Ouuog | ®éPoc | Abmn | IIMAEn | Oudétepo
Xapd 70.37% | 25.93% | 3.70% 0% 0% 0%
Ouude 7.02% | 82.45% | 10.53% 0% 0% 0%
®éBoc | 11.11% | 8.33% | 55.56% | 2.78% | 8.33% | 13.89%
Admn, 0% 0% 0% 100% 0% 0%
IDREn 0% 0% 5.88% | 26.47% | 58.82% | 8.82%
Oudétego 0% 0% 5.13% | 15.38% | 28.21% | 51.28%

ITivaxag 5.3: Tlocootd emtuyiog otoug dvdpeg, ue ypron 1wy MFCC's o tou pitch. To
avdpix6 mtocootd emtuyiog eivar (oo ye 69.27%, xou téhog, 10 GUVOAXS TocooTd emTuyiog

foo pe 68.31%.



5.3 Taéwiounon ue GMM 71

‘Onwe emPeforcdvetor and 10 Tp®TO Telpapa, TO GLOTAUA TOU YENCWOTOLEL THY YVHOT,
Tou OAOU TOU OWANTY efvat xah0TEPO, Xou UAAIGTA BEATIOVEL TO GUVOAIXO TOGOGTH AVAY VG-
ptone mepinou xatd 6%.

Y10 debtepo melpopa S0XUACOVUE TV IXOVOTNTA Xot TWV GAAWY OUIDWY AXOUCTL-
AWV YAPAXTNPIOTIXDY 0TIV avory vapior, ouvatoduatog. H mo cuvrhouévn pédodog yia tov
oLYOLAOUS DLUPOPETIXWDV OUABWY YULAXTNEIOTIXWY EIVAL 1) EVKGT) TOUS GE Vol XOWVG BLEVUoUL
YUQUXTNEIOTINGY XL 0TV CUVEYELX 1) ETLAOYT TV XAAVTEQWY and autd, UE YPNOTN XATOLOU
alyoprdpou emhoyhc. 01660 0TV MERITTWOT Ywag, AdYw Tou 6TL, ae avtideon pe ta MFCCs,
unohoyiCoupe T YopaxTNEIOTIXE YAWTTOXO) TaAwol xau to yapaxtnetotind AM-FM uévo
Yo T mhadotar ot onofa to pitch dev efvon undevixd (Eugpuwva thaiota), LndpyEL Wa avavTi-
ototyio 1 onola Hag omay 0peVEL Vo SNULOURYHOOUPE XOWVO BIAVUOUA YARAXTNRIOTIXWY YId XAVE
mhaioto. Mo mdavr) Abon Yo Atav vo unoroyilape oTaTtoTind Yey€vn amd TNy XUPATOLOR®Y
Tou xdle YupaxTNEIGTIXOL, OTWS N UEoT TY xat 1) DUOTOPA, Xl VO Td Y PNOHLOTOIOVCUUE
avti Yoo Ty T Tou yapaxtneloTixol ot xdde mhaiolo. ‘Etol o Arav duvat 1 évwon twy
DLUPOPETINWY DAVUOUATLY OE €va TeEAXO, Yid xdde Oelypo QuvhAc. Xe auth TNy neplntwon
opwe, AoYw Tou oyeTxd wxpol apripol deryudtov tou Yo mpoxidouy, Bev eivon eQixTh 1)
anoTEAEOATIXNY EXTABELOT) TOL Plypatog Twv ['xaouatavdy.

Arnogaciloupe €10t Vo GUVBUAGOUYE TNV LoYD TV SLUPORETIXDY YAPAXTNPLOTIXAOY OE ETi-
nedo andpaone (decision level fusion). Autéd onuaiver 6Tt yia Ty xatnyoptonoinoy evoe véou
delypatog @wvhc, cuvunohoyilovTtar To ANOTEAECUOTA TOU BIVOUV oL BLapopeS OUIDES oUVTE-
AeoT®V. Luyxexpuéva, av o €va delypo Govig, To LOVTENO TOU EXTOUDEVTNXE PE TNV [ia
OUGOA YALAXTNEIOTIXWY Yia Uit xAdoTn cuvato¥iuatog diver mdavogdveta Py, xou to povtého
ToU EXTUOEUTNXE UE TNV BelTEET opdda divel miavogpdveila Pa yia to (dto cuvaicOnua, té1e 1

el mbavotnta Yo tooltan Ye:
P=aP + (1 — a)Pg, (51)

6mou a ebvar o ouvieheothc mou xadopilet TV Papdtnta TN xdle ouddag 0TV TEAXT
anbao). Xto melpoya wac, 1 TpwTn oudda aroteheltar and toug cuvtekeotéc MFCC pall pe
7o pitch, xa 1 Sedtepn oudda and To yopurTNEICTHE YAWTTIOWOV naAgoy wali pe to AM-FM.
Aoxiudlovtag DdQopES TWES YIoL TOV GUVIEAEGTY @, TOPAUTNPHOUUE To XUAUTERA ATOTEAEGUATA
yoe v 1 0.75. H 1n opdda v xhacoixdv yapaxtnetotixody dnhady €xet Bapbtnta 75%

ot 1 delTen oudda 25%. Ytouc nivaxee 5.4, 5.5 pafvovtor To AToTEAETUATA.
7 p1 ou ) @ W
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Xopd | Ouuodg | ®éPoc | Abmn | TIMAEn | Oudétepo

Xapd 52.27% | 25% | 13.64% 0% 2.27% 6.82%
Ouude | 22.64% | 66.04% | 7.55% 0% 1.89% 1.89%
®6Bog 0% 9.09% | 75.76% | 6.06% | 6.06% 3.03%
Admn 0% 0% 8.33% | 88.89% | 2.78% 0%
IDuAEn 0% 0% 6.52% 0% 69.57% | 23.91%

Oudérepo 0% 0% 0% 2.70% | 18.92% | 78.38%

Tuvaixeio nocootéd emtuylac: 70.68%.

IMivaxag 5.4: Tlocootd emtuylog oTiC YUvaiXeS, HE YPNOT CUYOLUAGUOU TV YARUXTNPLOTIXOV.

Xopd Ouude | PbéPog Abmn, ITwEn | Oudérepo
Xapd 74.07% | 25.93% 0% 0% 0% 0%
Oupde 7.02% | 91.23% | 1.75% 0% 0% 0%
PéBoc 13.89% | 5.56% | 58.33% | 11.11% 0% 11.11%
Admn 0% 0% 0% 96% 0% 4%
IThhEn 2.94% | 2.94% 0% 35.30% | 32.35% | 26.47%
Oudétepo | 5.13% 0% 2.56% | 5.13% | 28.21% | 58.97%

[Mivaxag 5.5: Ilocootd emituylac otoug dvdpeg, HE YPHOT CUVBUAGHOD TWYV YoQUXTNELOTI-
x%v. To avdpixd tocootéd emtuylog eivan (oo pe 69.27%, xar tehixd, 10 cuvolxd 1060616

emttuylog oo ye 70.02%.

IMapatnprosic—Xvpnepdopata

e 310 MPWTO TElPUPA, YPNOWOTOIWVTAS To xhaootxd yoapoxtnetotixd pitch xa MFCC
eENAANIELOOPE TNY AVWTEROTNTA TWV CUOTNUATWY TOU AouBdvouy urddy Toug 10 PHAo
Tou opAnTh. Eniong eldape ot yenowonoidviag tov tadivount GMM unopolue va

TeTOYOLUE TOoC00TE XoVTd 6to T0% Yyior Ty cuyxexpiuévn Bdor ouvausinudtwy.

e Y10 deltepo melpapor, eidaye OTL To YopAXTNEIGTING YAWTTIOWOO TaAgol xan to AM-
FM yapoxtnplotind cuvéBahay oe pixph, Behtiowon (2%) tou nocootol avayveptong
OTAY CUYBLACTIXAY UE TIC TOPADOCIAXES OPABES YopaxTnEloTx®Y. Autd Bdelyvel OTt
OUVOLOOUEVO UE T XAACGIXA YOPAXTNEICTIXG UTOPOVY VA EVIGYUOOLY TNV IXAVOTHTA
Tou ouoThuatog. Mnopolue emiong va avagépoupe 6Tl and péva Toug elyav o QTw-
y1 anédoorn (50%-55% emtuyia) yenorporodvtac tov tadvounti GMM pe tic {Sieg

TUPUUETEOUC.
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5.4 To&wounon pe SVM pe Bdon Tic dLacTACELS TWV CL-

varo9nudTwy

Epnvevouévol and 1o Yuyohoyind HOvVIEAO avahUoTS TV CUVAUCUNUATKOY OF JlHoTd-
OEIC, EMLYELPOVPE Var avoamTiEouUe €va UoTnua Tou Yo otnpiletal oTig BUQOPETIXES DIUCTITELC
Twv cuvaotnudtey. Kiplog otéyog autic tne mpoondieiag eivan 1 emakideuor tng toybog
authc e Vewplog, xat oty teEpInTwor YeTg AndvINong, O EVIOTOUOS TWV YARAXTNPLoTI-
XWV NG VA Tou oyetiovto pe Ty xdde didotaom.
Auvth v gopd yprotwonotolue Yo To 6Tddlo TNE Tagvounong tov tadvounty SVM. Enel-
07 autdg elvon oyedaouévog Yo va droywpllet wévo 0o BlagopeTinés xatnyopieg, 10 e
oLOTNUA YaC EYEL LEQUPY XY HOPYPY) ETOL WOTE VO PNOPECEL v Yivel Tadtvounon twv 6 diogo-
peTIXWY ouvatoUnudtwy. ‘Onwg avagépaue, o oyedlaonds Touv cuothuatog Bacileta otig 3
Baoixéc drootdoeic wwv ouvanoUnudtwy valence, arousal, potency (euyapiotnoy, diéyepon,
€heyy0q).
['o v vhonoinomn tou ouvothuatog, oplloupe 600 dlaxpltéc oTdlUes Yio THY xdVe BldoTo-
on, ™y TYnAig xa tnv Xapndsg ({1,0}), xo dewpolue nwe xdde cuvaioUnua €yer wa and

autég Tig Tiég oe xdle tou didotaoy. Etol mpoxinTtouv ol nupaxdte ouadonotioel:

Activation
Fear
1
= oHappiness
Sadnes Evaluation
0 5,
Boredom
Potency

Eyfra 5.1 Yuvano¥uata cav onueio 6tov 3-8ldoTaTO YOO
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Aiéyvepon
-TynAn Aiéyepon: ®6Pog, Xopd, Ouude
-Xaundn Miéyepon: TIMAEN, Admrn, Oudétepo

Evyapiotnon
-TynAt Evyapiotnon: Xapd, (Oudétepo)
-XaunAn Evyapiotnon: ®6Boc, Ouuode, Admn, IThAén

"EAevyyocg
-TypnAds Ereyyos: Ouude, Xapd, (Oudétepo), (ITMEN)
-XaunAds ‘FEleyyog: ®oBog, Alm

Meoa oe napévieot) ypdgovial ouvoGUAUOTA ToL OTOl Ay X0 GTNY TEAYUATIXOTNTA
dev Eyouy pa and Tig Tié 0 1) 1 oe xdmotal SLACTAGT], YA VO UTOPEGOVYE VU OYEOLICOVUE TO
oboTNUA, Toug Bivoulue TNV TWn oty onola Peloxovion mo xovtd. Etot n.y. 1o cuvaicUnua
ITAAEn nadpver Ty Ty 1 oty didotaor Eieyyoc.

Yougwva pe tic opadonorfioelc autés (ot onoleg otnpillovtor ot Yuyoroyixéc avarioes),

AATUOAEVICTNAE TO IEPARYIXO CUOTNUA TUSVOUNOTNE TOU GUIVETAL GTO oy fud 5.2.

\ Activation ‘
high low
[Anger, Happiness, Fear] [Sadness, Boredom, Neutral]
‘ Potency ‘ ( Potency w
high low hw-,.
Anger, Happiness Fear Neutral, Boredom Sadness
‘ Evaluation ‘ Evaluation ’
high low high low
el -~
Happiness Anger Neutral Boredom

Eyhua 5.2: Iepapyind obotnua tagvéunong avdroya pe Tic Tpelc faotxéc SloaoTdoelg
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Aentouépeleg UAOTOINOYNS TOU CUGTHUATOG
‘Onwe gaiveton and 1o oyfua 5.2, yeeidletar vo exnoandebooupe 3 UTOCUGTAHYITA, €va
yio xdie Baoixy) didotaoy, ta onola Yo xatnyoptonoloty xdde delypa Tou cuvorou alloAdYT-
one oe pio and tic xhdoeg 1 (TPnhéd) xou 0 (Xaunho). Etor éva véo dyvwoto deiypa, du
axohoudel plo amd Tic miavég Sradpoués avdhoyo Ye To ATOTEAEGUATA TWV UTOOUOTAUATWY,
xou Yo xatadfyer oe éva el ouvaiodnua.
T xdde Selypo pwvic mou dadétouye, xAVOUPE EEAYWYT| YAPAXTNEIOTIXOY GE TANLCLA
Beaygog ypdvou g TdEng twv 15-25 msec, xat 6TNY GUVEYEIX XAVOUUE EXTIUNACEIS YA TNV
HEaT T xou TNV Btaomopd Tou xde yapaxTneloTixol 6To UvVolo Tng Sudpxetag. Ta dragope-

Tixd el TV yopaxTploTxwy Tou e€dyoupe avd thaicto avdiuone (frame) efvon to napoxdtw:

XapaxtneloTixd
e 12 MFCCs & 17 napdywyog twv MFCCs
o Ocpehddrne ouyvétnta (Pitch)
o Evépyeia orjpatoc (Signal’s energy)
o 20 yapoxtnootind yAwttdixol nahuot (Glottal-Flow) (18 ypdvou xou 2 ouyvétnroc)
o 12 yapaxtnpiotixd AM-FM

Enihoy" yopaxtneloTixmy

Agol yiver 1 e€ayoyh twv 110 cuvokhixd yupaxTnetoTix®y, axohouvlel 1o oTddIO TN
EMAOYTC TWV XATIAANAOTEPWY and autd Yo To xdde unochotnua. [o tny emthoyn twv ya-
PUXTNEIOTIXWY YPNOILOTOOVUE TO GUVBLACTIXG oYX TV ahyopliuwy F-score xon Forward
Sequential Selection. Xuyxexpwévo, emiéyovton apyixd and tov akydprdpo giltpou F-score
40 yopoxTnEloTIXd xot oTNV OLUVEYELN EMAEYOVTAL Ond oUTA Ta TEMXE 12 yopuxTneloTixd Ue
yefon tou FSS alyopituou.

Téhog avagépoupe OTL YpNOWOTOIOVUE TNY YVOOY YId TO GUAO TOU OUANTY], OTOTE YET)-
oponoolue 800 DAPOPETIXE CUCTAUNTA Yiol AVTPEC xan Yuvaixec. ‘Onwg @avnxe xou 6To
Tponyoluevo Telpaya, 1 YVoOor Tou gulou Bondder oty Beitinon tng tadvounong. o ap-
YY), Oelyvouue mapaxdTw T TEAXE anotEAeouaTa TG Tagvounone ot Baoixés xatnyopieg

ouvaroInudtwy (ouvunohoyilovtug o anOTERECUATA O AVTPES XAl YUVOIXES).

Avactdoeic | [Tocootd emtuyiag
Aéyepon 95.72%
‘Eheyyoc 84.84%

Euyaplotnon 70.69%

[Tivaxag 5.6: Tlocoaté emttuyloug Yio TI¢ TEELS SLIOTAGES GUYACVNUATWY

‘Onwe gaivetor oamd Tov TEoNYOoVLUEVO TVAXO, TO TOGO0TO EMTLUYLUS TOU LTOCUCTHUA-

T0¢ Yl TNy didotaoy Ayepor Bev elvar ixavonoTixd. Autd unopel va ogetheton elte oV
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opadonoinon Twv cuvasinudtwy (1.y oudétepo oty oudda TYnho), eite oTov apxetd wixpd-
TEPO dpllpo detypdtwy g ouddac 1 og oyéon e v 0, elte oty aduvapio 1wy eEayduevmy
YALUXTNELOTIXDY VI TNV CUYXEXPWUEVO TEOBANUA XATIYOPIOTOMOT.

To TeMxd ATOTEAEGUOTA TOU TPOXVTTOLY YENCULOTOLOVTAS TO GY N AUTO Efval Tol TOPAUXETE:

YuvoaucOnuata | ITIocootd enituyioag avdp. | Ilocostd emituyiog yuv.
Xapd 52% 63.64%
Ouude 84.21% 67.92%
PbBoc-"Ayyoc 61.11% 54.55%
Admn 76% 69.44%
IDARE, 67.65% 54.35%
Oubdétepo 51.28% 75.67%

IMivaxag 5.7: Tlocootd emtuylac cuvanoUnudtmy yia AvOpes xol YUVAiXES 6TO GUOTNUA TOU
otnpiletan otic Puyoroynéc draotdoec. To avdpixd mocootd emtuyiog elvon oo ue 67%,
10 yuvatxelo nocootéd emtuyiog ico pe 64.26%, xar téhog, T0 GUVOAXG TocooTh emTuyiog
wwobtan e 65.55%.

To tehixd autd T0006TH aVayVLEIoTS deV Umopel Vo Yewpniel apxeTd IXaVOTOmTIXG.
‘Onwe mapatnefoote xal TEOTYOLUEVKS, xOpla aduvouio Tou elval 0 LTocLOTHUA TG Old-
otaong Evyaplotnon. Aoppdlouvpe hoimdy va avTIXATAOTAGOUUE 010 TEAEUTAio 0Tdd0 TNg
iepapyioc to utosbotnua g Euyopiotnone pe 80o véa unootiuata. To éva VYo eivon eZetdi-
AEVPEVO Yia Vo dloywpilel yopd xow @éBo eved to dhho TARET ot OUBETERD, OTOTE TO TEAIXO
obotnua yivetar 6w atvetal oTto oyfua 5.3. Xtoug mivoxeg 5.8-5.10 delyvouue avahutixnd

TOL TOCOOTA Avay Viplong xdle cuvatcIiuatos oTo BldQopd UTOCUCTAUATA.

YuvaoWipata | Awéyepon | ‘Ekeyyoc | B-N / A-H
Xoapd 100% 100% 81.48%
Ouude 100% 98.25% 80.7%
PéBoc-Ayyoc | 91.67% 66.67%
Admn, 100% 76%
IThAén 97.06% | 82.35% 79.41%
Oudétepo 89.74% | 97.49% 7%

[Tivaxag 5.8: Hooootd emtuyiog cuvaio¥nudtwy yio Toug dvdpec 6TO BEATIOUEVO GlOTNHUOL.

To vnoctUotnua B — N daywetlet nAAgn and ouvdétepo, xou 10 A — H yopd and Guud.

Onéte tehind npoxtnter: Avdpind nocootd emtuyiog = 75.22%, 'uvarxeio nocootd

emtuytoc = 69.08%), Yuvohixd nocootd emtuyioc = 72.35%.
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Suvaotfuata | Aéyepon | Ekeyyoc | B-N / A-H
Xapd 95.45% | 97.73% 82%
BOupde 96.23% 94.34% 75.47%
PoBoc-Ayyoc | 93.94% 54.55%
Admn 91.67% 77.78%
IIMAEn 95.65% 78.26% 73.91%
Oudérepo 100% 91.89% 86.49%

[ivaxag 5.9: Tlocootd emtuyiag cuVCUNUATEOY Yio TS YUVAIXES 0TO BEATIWUEVO GUOTNHUA

YuvaucOfpate | Ilococtd emituyiog avdp. | Ilocootd emtuyiog yuv.
Xopd 81.48% 75%
Ouudc 80.7% 71.7%
PBoc-"Ayyoc 61.11% 54.55%
Abzn 76% 69.44%
IIhEn 76.47% 67.39%
Oudétepo 74.36% 72.97%

ivaxag 5.10: Tehxd nocootd emtuyluc ouvaioUnudtmy yio yuvaixeg xou dvipeg o1o Pek-

TIWPEVO GUOTNHUA

H Bektiwon mou onuewddnxe homdy petd Ty avTixatdo ooy Tov cuothuatog g Euya-

olotnome ebvar e té&ne 7%.

IMapatneprosic—Supunepdopata

o Emyetprioope va gridZouye éva aloTNUO AVory VORLOTG SUVALCUNUAT®DY EUTVEUCUEVOL O-
16 10 Yuyohoynd uovtého avdiuong toug oTic Baocwxég dlaotdoelg. Kot to 1o ahhd xou
10 20 Beltiwpévo chotnua otneilovtal TNy opadonolnoy Twv cuvatcUnudtwy e Bdon
Ti¢ draotdoeg Aéyeporn xon ‘Eheyyoc. Adyw tng tepapynnic Toug Hop®ng, 1 avory vopl-
on evog cuvalo¥uaTog elvar apxeTd anodoTixy and drody TohumhoxdTnTag Xotids éva
véo Oelypa nepvdet and 1o oAl 3 untocuoTAaTa pé€ypet va xatnyoplonoimdel. Eniong av
xplvouye and 1o tehxd nocootd avayvoptone (72.35%), unopolue va TOUYE WS ENd-
Andeletan og xamoto Badud 1 Yewpio v Bacixwy Slotdocwy, nup’oho mou dev elyaue

YeapaTixd anoTeAEoUATA.

o 'Ocov agopd ota YapaxTnetoTixd tov emAEyinxay and tov alyoprdpo enthoyhg yio xdie
otdotaon urnopolue va nolue 1o e€hc: Tpdyuatt, dnwe gavialopactay, napatnerinxe
TEOTIUNOT, OE GUYXEXPIEVES OUABES YAPAXTNEIOTIXAOVY Yia xdde didotaor. 'Etot yio tny
didotaon Aéyepon emhéydnxay to yapaxtneotixd npocwdias (Méorn T xon Swomo-
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od tou Iliten xou tng evépyelag ofuatoc), eved Yy Ty dtdotaoy ‘Eleyyoc emhéydnxoy
xvplwe Glottal Flow yoapoxtnplotixd.

e YNy mpooéyyion auth, oe avtileorn PE TNV TEONYOUUEVY), YENOWOTOICUUE Xxupiwg
WECEC TWES TWV YUPAXTNEIOTIXWY, avTi Yia OAeg Ti¢ THéS Toug avd mapddupo, xou Ta
AMOTEAEGUATA OTHY OVAUY VORLOT, HTOV TOPOUOLd.  SUUTEQUIVOUUE AOITOY OTL UTopolUE
va peheTicoure To ouvaloUnua PEcw GuVHE oav Ve QUVOUEVO TEPIGOOTERD OTATING
Topd Suvatxd, 6mou avdhoya pe to cuvaioUnuo ahhdlouvy xuplwg oTaTloTixd PeYEDT

OToL OLAPOPA AXOVO TG Y APAXTNPLOTIXA.

‘ Activation ‘
high low
[Anger, Happiness, Fear] [Sadness, Boredom, Neutral]
‘ Potency J { Potency w
high low high low
Anger, Happiness Fear Neutral, Boredom Sadness
‘ Happiness-Anger ‘ I Neutral-Boredom ’
high low high low
— ~
Happiness Anger Neutral Boredom

Eyfpa 5.3: BeAtiwpévo tepopyind clotnuo Tagvounong
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5.5 Toa&wounon pue dvadixd SVM oe tepopyind chotnua
HE Xphon oxruatos nhetodnopioc (majority vote)

H mponyolyevn npoondleia pe o tepapyind cloTnua TaEvounong otoyeve xuplwg
oty enahidevon tne Puyoroyixic Vewploug tepl dlaotdoewy Ty ouvaloInudTwy, xaddg xat
OTOV EVIOTIOUS TV UTEDYUVWY-pUIOTIX®OY YARUXTIPIOTIXWY TG PWVNE YLol TNV xdUe did-
otaor. Onwg eldaue 610 20 Bedtivpévo obotnua, 1 evowudtnon 800 mo eZetdixcutévey
UTOCUOTNUATWY Bektiwoe TNV ouvolixy| anddoor. H napatipnon aut épyetar va evioyboet
v nenoitnon pag ot yio o xdde Leuydpl cuvauoUNUdTOY UTdPYEL BLPOPETIXG GUVONO Yo-
PUXTNEIOTIXWY T0 omofo Vo eivol T0 XATAAANAOTERO Yol TOV BIAYWPIOUO TOUS.

‘Etot xataoxeudlouvpe éva véo igpapytxd cbotnua to onolo Yo otnpiletar oe ouyxplioeic
avd 800 Ty ouvatcUnudtwy. Lo xdde (edyog Yo exmoudebetar xo €vag dLlopopeTinog Tagivo-
untc SVM e yopoxtnelotixd nov emtAéyovTal and eva VEO ouvOuaoTxd ahydptiuo emthoynic.
Y11 CUVEYELX TEPLYPAPOVIE TO AVUAUTIXG T OLdpopa oNUElR TOU VEOU GUOTAHUATOS.

Aentouépeieg VAOTOINGTNS TOU CUGTAUATOG

IMo v exnaidevon touv xdde uTocUCTALUTOS, EEAYOUUE YALAXTNEIOTIXG and ToL DELY-
wota exnafdevong tou aviiototyou (evyoug ouvaodnudtey. Ta axouvotixd yopoxtnelotixd
mou e&dyouue 610 xdde orjua elvar ta (Bl pe To mponyoluevo Telpopo. XTNny cuvéyelo To
BLAVUOUA YARAXTNPIOTIXADY TEPVAEL and évay ahyoptduo emAoYrg 2 oTadlwy, yio vo Tpox e

e 4 7 7 Ié 7 2. 4
TeMxd €va ahvoho and 10 yapaxtneioTind, Otwe gatvetar 010 oyfud 5.4.

Feature Selection (2 stages)

[112] [40] backward [10]
—) sl(\e/{eRcl;';/Ii(f){n —Pp [feature selection —
wrapper

Eyhuo 5.4: Ahydpriuoc emhoync YapaxTneioTIXOY 2 GTadlwy yio 10 Tehxd melpaya

Y10 TpWTO 0TAdI0 Aowndy, egapudleton o alydpriuog gpihtoou MRMR tov onofo mept-
yedaue otny ewplo, yio vo emhey el wa opddo and 40 yapaxtneiotind. To yapaxtneiotind
autd efvar 660 T0 BUVATOV TEPLOCOTERO CUOYETIOUEVA UE TO oUYXEXPIWEVO Levyog ouvatoDy-
HaTwY, xou emnAéov €youv uxpt| apolBala TAnpopopia UeTaE) Toug. LNV cuvEyEla Ue yehHo
Tou aiyopidpou BSS (Backward Sequential Selection) xatahviyovue oe 10 tehixd yopouxtn-
ploTixd pe to omofa Yo eXTUBEUTEL TO UTOCVOTNUA.

Enetdr] €éyovue cav npdPBinua tny avayvepeton HETaEl 6 Pacixdy cuvacinudteny, yeelo-
{opaote cuvolixd 15 unoousthuata. Agol exnoudeutody ot Ta 15, yior va tadivoundel éva

xouvolpyto Belypo oe wa and Tig 6 xatnyopieg yivetan ypron tou oyfuatog majority vote.
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To delypa dnAddyn nepvder cav elcodog xou and ta 15 unocuothuata, oe xadéva and ta o-
nola emixpatel éva and ta V0 ouvaloiuaTa. 110 TENOC EMAEYETOL TO GUVUICUNUA UE TIC

TEQIOTOTERES ETXQPATAHOEL,. 1e Tepintwo toofodulag, emthéyetan e Tuy oo TEOTO €val and T

emxpatéaTepa GuVILoVRUATOL.

fear -
anxiety

Eyfpe 5.5 Troouothuata yia TNy avayveelor Tou cuvatovfgatog “Xapd”

IMeipdpata

YNy ouvéyeta ety vouue To amoTEAETUATA BLAGOPLY TERUPATWY GTNY Yop®t| Tou “Ti-
vaxa oOyyuone” (Confusion Matrix). ‘Ola to nepduata éytvay ye v pédodo Leave-one-
Speaker-out yio vo e&acpolotel aveaptnota and tov owhnth. Ta melpdyata ota onola

4 4 7 4 4 7. 4 Z I
YewpHUnxe YVwotd 10 QOAO TOU OANTYH X0t €101 EXTOUOELTNXAY 2 GUOTAUITA, Eval Yol xdUe

@UAo, T ovopdloupe gender-dependent.

Xoapd | Ouudg | ®6Boc | Admy | IIMin | Oudétepo
Xopd 4% | 14% | 10% | 0% 1% 1%
Oupde 10% 7% 2% 0% 1% 0%
PéBoc ™% ™% 78% 4% 3% 1%
Adm 0% 1% ™% 84% 6% 2%
IThAEn 3% 0% 6% ™% 61% 23%
Oudérepo | 0% 3% 3% 0% 12% 82%

IMivaxag 5.11: Ilocootd emtuylag yia gender dependent avayvoplon pe yperon tou For-

ward Selection ahyoplduou yia Ty emhoy? yopuxtneotixwy. Tehixd 1050016 avaryvheorg:

77.08%.

[apatnpwvtag o Tapamdve anotéheouata unopolue va molue ta e€ig: Kotapyhy
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Xoapd | Ouuodg | ®oBog | Abmy | IIMAEn | Oudétepo
Xoapd 81% 16% 2% 0% 1% 0%
Oupde ™% 90% 2% 0% 1% 0%
PbPoc 5% 5% 81% | 3% 6% 0%
Adnn 0% 1% 3% 96% 0% 0%
IThAgn 2% 0% 3% ™% 73% 15%
Oudétepo | 0% 0% 2% 0% 8% 90%

(majority vote) 81
Xopd | Ouuog | PoPog | Abnn | TIMREY | Oudétepo
Xopd 3% | 15% 9% 0% 1% 2%
Oupéc | 12% | 86% 1% 0% 1% 0%
PbPoc 5% 6% 82% | 3% 3% 1%
Abm 0% 0% 5% 8% | 5% 2%
1DhEn 4% 0% 4% 6% 64% 22%
Oudétepo | 1% 2% 3% 0% | 10% 84%

IMivaxag 5.12: Tlocootd emtuyiog yia gender dependent avayvopetor pe yerion tou Backward

Selection ahyopidyou. Tehixd nocostéd avayvopone: 79.71%.

ivaxag 5.13: Iocootd emtuylog yio gender dependent avoryvépion He ypHon Tou cuvdia-
otxoY alyopitpou emioyhic MRMR+Backward Selection. Tehx6 nocootd avayvmplong:

85.18%.

Xoapd | Ouudg | ®oBoc | Abmy | IIAAEn | Ovdétepo
Xapd 7% 17% 3% 0% 3% 0%
Ouudc 11% 85% 4% 0% 0% 0%
PbBoc ™% 5% 4% 5% ™% 2%
Alnn 0% 0% 3% 86% 6% 5%
IThAEn 2% 0% 10% 6% 1% 11%
Oubdétepo | 2% 1% 3% 1% 9% 84%

ivaxag 5.14: Hooootd emtuylag yio gender independent avoyvépion ue yprorn Tou ouvdia-

ouxol akyopituou emhoyrc MRMR4-Backward Selection. Telxd mocootd avayvopelong:
80.09.

pabveTot, yioo GAAY pla Qopd, 1 avwtepdtnTa Tng gender dependent mpocéyyiong évavtt g
gender independent. Zexdlapa, 1 £x TV TEOTEQKY YVOGOT TOU GUAOU TOU ORIANTY BEATIGVEL
ONUAVTIXA TNV anddoor Tou akyopliuou. Enione napatnpodue otadiond Bedtiwon twy arote-
Aeopdtwy, apyixd egapudloviag BSS avtl yvia FSS xou oty cuvéyeia ypnotponoudviag tov
alyoprduo emhoyhc 2 otadiov MRMR4+BSS.
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‘Ocov apopd 6T TOGOGTA AVIYVORIONS, 1 XAANOTERY EXDOYT, TOU GUCTAHUTOS UG QPTAVEL
wéyer xou 85.18%. To nocootd autd eivar ouyxplowo té6oo pe ta state-of-the-art anote-
Aopata o€ auth TNV Bdor, 600 Xl UE TO TOCOGTO AVIYVWEIONE Tou €YEl onueiwlel and
avipmroue (84.3%) oe oyetixr épeuva [55].

Y10 mopaxdtew oyrud el VOUUE AmOTEAECUOTA Yid TNV AnOBOGY TWV JLAPOp®Y UTOGU-
OTNUATWY, EEXIVOVTAS antd BLIPOpETIXE dpyixd BlaviouaTa YapaxtTnelotx®y. ‘Onwe gatvetat,
71 npooixn twv Glottal Flow xat twov AM-FM yapaxtneiotixeyv odnyel oe BeAtiwuéva ano-
teléopata. Xe Uepixd umoouothpata 1 yeron wévo tov MFCCs xou tov yopaxtTneloTixey
Tpoowdiog eivar TpoTiudTepy. AuTéd delyvel OTL T YapaxTNEIo TN autd elvan apxeTd avTinpo-

OWNEVTIXG and UOVA Toug Yia va dtaywpioovue ta ouyxexptuéva (ebyn ouvao¥nudtmy.

100+

95

90

80 + —+——+ MFCCs + Prosodic + Glottal + AM-FM b

CLASSIFICATION ACCURACY, %

#—+—+ MFCCs + Prosodic

10

75
0

)
S
®

2 r 6 s
w o od R A n I o4z ;

0
- I~ I N O ==
EMOTION CLASSIFICATION SUB-SYSTEMS 1-15

H-N

Yyfua 5.6: ITocootd avayvoplong v 15 unocuoTNUATWY oTA DEYUATI OWANTOY YEVOUS
UnAuxod yia 500 BIQOPETING 0PY XS CUVOAA YUQUXTNPIOTIXAOY. LTO £Va YPNOILOTO0UVTa Ta
xhaooixd yopaxtneotixd MFCCs + prosodic evey oto diho mpootideviar xou Glottal flow
+ AM-FM yopoxtnpiotixd. To cuvac¥iuata cugBolilovion pe o apyind TOUS YRduuo ota
oy Y Axd.

Télog, 600V aopd ota €ldN TWV YARAATNEIOTAWDY TOU EMAEYVNXAY UTO TOV TPOTEL-
véuevo akydprduo, pmopolue vo molue 6Tt mpdypatt emhéydnxay Supopetixol cuvdiacpol
YAQUXTNPIOTIXAY Yot TO XAVe UTooUGTNHUA, XATL Tou eVioy Vel TNV Tpocéyyion wag. o napd-
OELY MO AVAPEPOUPE TS OTAY Wit A TG 00 (AAoELS HTay 0 POPog, emtAEyUnxay TEPIGOOTERO

Glottal flow yapaxtnpotixd.
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IMapatnerosig-Svunepdopoto

e Y10 Teleutalo autd TElpoud, TEOTEVOUE EVA LEpURY XSG GUOTNHA OVIYVWRELOTS TO 0Tnolo
otnelletal TNy SlaY WELOTIXT IXAVOTNTA TWYV EOLXY EXTADEVUEVRY UTOCUCTNUATWY TOU.
To vtocusTALATE AUTE YENOWOTOWOY To XATAAANAGTERA o Ta BLdpopa €0 Yopox T

7 4 ’ 4 4 4 z 4 4
pIoTIXd YE€ow €VOG VEOU oyfuatog emhoyng 2 oTtadlwy. Téhog expetahheutinoue TNy

YV®GT ToU QUAOY TOU OANTY Yiol Vo TETOYOLUE XUADTERPA ATOTEAEGUATAL

o To tehixé pac obotnua (gender dependent / MRMR4-BSS) nétuye ouvolixb nocootd
emtuylac 85.18% to onolo eivar ouyxpiowo ye ta state-of-the-art anoteréopata otny
€pEUVOL TNE VLY VORLOTG CUVILGTAUATOS UEGW PWVAC, YPTOILOTOWMVTAS UIALOTA GYETIXA

Wxed oo YALAXTNOIOTIXWY.

o Ko ta Glottal Flow aihd xar ta AM-FM yopoxtnplotixd emieytnxay and 10 oyfud
2 otadlwv mou yenowonojinxe xou Pehtiwoay T T0600Td emtuyiog o oyéomn e TNy

nopadootoxy yphon twv MFCCs + prosodic yapaxtnptoTixdy.

e To teleutaio autd obotnpa elvar amhd otov oyedaoud, xar xdde véo unodmelo yia
avary veplo delypa tepvdel oav elcodog ata 15 SapopeTind utocuoTuaTa. e ayEon
UE TO mponyoluevo Telpaya etvon Afyo meplocotepo tepinhoxo, ahhd divel awo¥nTd xaAl-
tepa anoteréopata. Koatagépope étot, yenowonoidvtac anioie duadinois yoeaumxose

Ta€vopntéc SVM va guidCouye éva anodotixd tepapyind choTnua.






Kegpdiowo 6

DVUTEQACUATA KO UEAAOVTIXEG

LeATiwoelg

Ohoxhnpwvovtag Ty SimAeuatixt) auth epyacio, cuvodiloupe To CUPTERAGHATA TOU
TROExLPAY ANd TA ATOTEAEGUATA TV DIAPOPWY TELRAUATWY, X0l AVAPECOVUE TIVOVES UEANOV-

Tix€g ahhayég mou Yo pmopoloay Vo BEATIOC0UY TNV €PEUVIL UIC.

6.1 Xvunepdopota

Tty Simhopoatixd] pog epyaoio aoyohndrixoue ye tny e€aywyt| Sidpopwy ouddwy
OXOUGTIXMY YORUXTNEIOTIXWY, XoMS X0t e TNV doxiur Blapdpev akydprduwy emthoyig yo-
CUXTNEIOTIXWY X0t TOEIVOUNTWY, YE GXOTH TNV AvVayVWpetor ouvaotipatog péow govrc. H
epeuva pac ouvolileton ota tplo Paotxd nelpdyota Tou teptypddaue GTNY TEONYOVUEVY EVO-
T

Y10 mpdhto melpaya, pe yeron tou tadivounth GMM enahnidedtnxe OTL 1 e TwV TPOTE-
oWV YVOOT ToL UAOL Tou oWt Bonddet auolntd oty avayvoplon cuvactipatos. Enlong
dramot@inxe ott ot xatnyoplec yopoxtnetotixwy AM-FM xa Glottal flow, Aettoupyodv e-
VIOYUTIXA OTNV AVAYVORLOT, OTAY CUVOLACTONY UE TIC XAACOIXES xatnyoplec. 210 OeltEpO
nefpapo €yve yphon Tou tadvount SVM oe epopyind oboTnua Baciouévo 6TiC YuyoroYIxég
dlotdoel Twv ouvanaUnudtey. Enoindedttnxe wg éva Badud n dewpla twv Yuyoroyxdy
draoTdoewy xot avalnTAtNXaY Ta oYETIXd Ye TNV xdde didotaon yapaxtneloTixd. Téhog, oto
Tpito melpaypa xoTAo%ELACTNXE CUOTHUA Tou oTNEileTon oTNY WER OTL TO XATAAANAOTERO OU-
voho yapoxtploTxmy teénet vo avalntniel yio xdde {ebyoc ouvaiodnudtwy Eeywpetotd. Ta
TOV o016 AUTS doxudo XAy Bidpopa oy fuata alyopiduwy emhoyrc xou Beédnxe oti ue Tov
ouYdLaoTIXG alybpripo emthoy g mapatneUnxay To xoh0TERPX ATOTEAECUATA. LTO TEAEUTALO
ouTO TElPAPI TA TOGOOTA EMTUY LG Elva oLUYXEloIIA PE Tot XANDTEPA EQELVITIXG ATOTEAECUA-
TOL OTHY VALY VORLOY GUVALGUARITOS aveZdpTNTNG omd TOV OUANTY, YPNOILOTOWDVTAS UAAoTA

AEXETA UXPOTERO ORI YOPUXTNPIOTIXWY.
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6.2 IIwavég peAhovTixég BEATIOOELE TNV €PELVA LIS

‘Onweg o xdie epeuvnuny| npoondlela, €10l xou oY dix) pog dev undpyet TEAOC.
Trdpyouv ndvto LOEEC TPOC EGUOUOYT, GTO GUECO UEANOV xot THUVES UEANOVTIXES EMEXTACELS
yio Ti¢ omoieg undpyel eAnida 6t Yo pépouv Beltiwon ota anoteréopata. O xuptdtepeg

HEANOVTIXEC EMEXTAUOELC TOU GXOTEVOUUE VoL YIVOUV EIvall Ol TapaxdTw:

o X1ny xolltepy Tpoondvela Tng Tapoloug Epeuvag, 1 TAnpogopla Tou e&dyouues and Ta
AXOVCTIXG YopaxXTHEoTIXd Teptoplletan oty Uéon T o TNV SLUoTIOPd TNG XUPATO-
Hop®1ic Toug. Ou Eyel IBLUITEPO XAl OLUGLUCTIXO EVOLAPEROY VA TEOOTAYICOVUE VO YETOL-
HOTIOLAOOUPE TEPLOGOTERT) TATIPOQORIN YLl TNV Lop®T| TG XAUTOATG Tou XdiE YapaxTr-
oloTxol oto yeovo. Ihiotelouye 6TL eVBEYOPEVC €C TOEA VAL UMV EXPETUAAEUOUACTE
oto péytoto Badud tnv TAnpogopla Tou pog Bivel 1 UEYIAYN TOIXIALA Y OQUXTNPIOTIXWY

mou e€AYOUUE Ao ToL DELYPATA PWVTC.

o Xpetdleton va yivel mpoondleta yioo uhonoinor custhgatog mou Yo avayvepilel autd-
HOUTOL Ol ETITUY WS To QUAO Tou oWhnty], xadwg 1 €peuva yog otneiletar xupleg o€
gender-dependent cuothpoata. Av xot undpyouv Stdéotpa TETol CUGTHLTA oo G-
Aeg epELYNTIXEC TRPOGTIAUELES, YE TNV TOWAD TV YAPAXTNPIOTIXOY TOU eEdYOUYE amd

TNV QOVY, RTOPOUUE VO BOXWACOUUE VO TETUYOUHUE axOua LeYh0TERT anbd00T).

e Eivor anopaitntoc o TeELpaatiopos 08 Topandve and wia Aol SeBoPEVWY Yid VoL ano-
xthoel peyahitepn adlomiotia 1 epeuva. Tooo o apriuds 1wy Sapope iy Bdoewy tou
€yl doxpaoTel éva obotnua, 660 xou To péyedog Toug elvan TOAD oMuAvVTIXG XpLTTpta
ToU EVIOYUOLY TNV BUVAUT TOu.

Téhoc, dev npénet v Ceyvdpe 6L 1) Bdor oty onola tetpapatilépaote € tohpa (Berlin
Database) neptéyel npoonomtd MoYo expwvnuévo and enayyehpatiec ndoroodc. Oa
elye 1Owitepo evOlQépoy Vo BOXWACOUPE Ta TEpduaTo Yag o Bdoelc ye avddpunto

A6Y0 Tou Vo TEPLEYEL X0t TEPIOGOTEPO PEAMTTIXG GTIYUIOTUTIOL TWV GUVUICUNUATOV.
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