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1. Elcaywyn

1.1 AVTIKELHEVO TN G EpYAciag

H avayvwplon ocuvaloOnuatwy o€ OMTIKOOKOUOTIKO UALKO €lval €vag €MiKALPOC KOL OTOLTNTIKOG
KAQd0¢ TG texvoloyiag duaoikng yAwooag. H €épeuva mou €XeL Yivel HEXPL oNUEPQ EXEL BPEL EdaPLOYEG
o€ TOA\OUG TOpEel¢ NG Plopnxaviag (m.x. oTov €VIOMIOMO OUCAPECTNUEVWY TEAQTWV QIO TLG
TNAedwVIKEG ouvVoULAieg toug). Exouv mpotaBel MOANEC OLaPOPETIKEG TPOOEYYIOELS, OTIG OTOLEG
xpnotpornowouvtal Stadopetikol aAyoplOpoL pnxavikng pabnong, ouvbuacpol toug Kal SladopeTika
Xapaktnplotika (features), xwpilg W va €xeL mpokUPEeL pia kaBlepwpévn pooéyylon.

2tn mapovuoa SUTAwWUATIKN epyacia eeTaletal n MePIMTWON KATA TNV omoia £xoupe mpooBaon povo
otn wvn Kal 0L OTNV EIKOVA TOU OUANTH. MeAetdtal €dv to cuvaiobnua kat o dlaitepa o BuOG
urmopel va  avayvwploBel XpnOLUOMOLWVTAG HOVO OKOUOTIKA XOPOAKTNPELOTIKA. AOKLUAOTNKAV
SladopeTikd cUVOAQ XOPAKTNPLOTIKWY, T omola e€dyovtal xpnollonolwvtag tn BLBALoBnKn AoyLopikoU
OPENSmile!. AokipdotnKe, €MiONG, 0 METAOXNHATIOMOC TWY XAPAKTNPLOTIKWY Héow AvaAuonc Kupiwv
Juviotwowv (Principal Component Analysis } PCA). MeAet\Onke n enidoon StapopeTikwv alyopiBuwy
pHabnong kot edkotepa TwV Mnyxavwyv Alavuopdtwyv YmootnpEng (Support Vector Machines i SVMs)
kat tng Aoylotikn¢ MaAwvdpoéunong (Logistic Regression). OAa ta TEeEpApATA TPOYHOTOTOWONKAV
XPNOLLOTIOLWVTOG TIPAYLATLKEG NXOYPADNUEVEC CUVOLIALEG OO €val TNAEPWVLKO KEVTPO.

1.2 Kivntpo

H avayvwplon ocuvalocBniuatog eival éva evdladépov epeuvnTikd mPOoBAnUa, evw mapdAAnAa
€xeL av&avopevn {Atnon otn Blopnyavia Twv UTIOAOYLOTIKWY CUCTNUATWY, ULaG Kat n mAnpodopia yla
T ouvaloORUATA TOOO TWV MEAATWY 00O KAl TwV UTMAAANAWV ULag €TUXELPNONG OUVELODEPEL OTNV
ETUXELPNUATIKN euduia TG eTalpiag. Eva akoun Kivntpo yla tnv mapovoa epyacia eivat 0Tl adevog dev
UTTAPXOUV TTOAAQ cuoTrHaTa Ta omoia va €xouv eknaldeutel kat afloloynBel o mpaypatikad dedopéva
Kol adeTEPOU akoOpa Kol PETAEU ekeivwv mou nén umdpxouv, Sev UMAPXEL KATIOLO OTO OMOLO va
xpnotpornolovvtal dedopéva otnv EAANVIKA yYAwooa Kol HAALOTA OO TIPAYHOTIKEG CUVOUIAIEG Héow
tAsedwvou.

MNna va koatovonBet n duokoAia tou mpofAnuatog aAAd kot n duvatdotnta cuvelohopds TwvV
OAYyOpLOUWY pUNXavIKNG Habnong otn AUon tou, avadépetal To €n¢ neipapa twv van derWal k.d. [6].
Zntnbnke amo k avBpwmoug va nxoypadrnoouv Hla OMALD TOUG KoL ETELTA VO ETILONUELWOOUV O
kKaBévag tnv nxoypadnuévn opthia Tou pe ta cuvalobnuata mou s¢Eppace. Yotepa toug {NTROnKe va
0KOUOOUV TIG nxoypadnUEVEC OUIAEC Twv UToAoimMwy k — 1 OoMIANTWV KOL VO ETILONUELWOOUV TO
ocuvalcOnuata mou efédpacav ekeivol. Me autd tov tpomo, Snuoupyndnkav yla kabe oplkia k
ETUONUELWOELG, Ml ard Tov 8o tov opAnt kot kK — 1 amd amnd toug unmdAoumous. Oewpwvtog wWE
OWOTEC TIC EMLONMELWOELS TOU (610U TOU OANTH, SlamioTtwOnke OTL aAyoplBuoL pabnong katadepav va
ETILONUELWOOUV Ta cuvaloOnpata e peyaAUTEPN emituyio amo otL ot k — 1 undéAoutol avBpwrol.

! BA. http://openaudio.eu/
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210 KedpdAato 2 e€etdlovial MPonyOUEVEG EPEUVEG TTOU EXOUV YIVEL OTOV TOMEQ TNG QUTOMATNG
avayvwplong ocuvalodBnuatwy. Ta mocootd emtuxiag mou avadépovtal otn oxetkn PiBAoypadia
napouaotalouv neplBwpla BeAtiwong kot mpaypatL n mopovoa epyacia katadépvel we éva Babuo va ta
BeATIWOEL. ZNUELWVETAL, OUWGE, OTL TA XOPAKTNPLOTLKA TIOU XPNOLUOTIOLOUVTAL OE OPKETEC TIPONYOUUEVEG
€PEUVVEC SeV Elval AULYWE AKOUOTIKA (Umopel va mepAaBAVOUV TL.X. TN OXEON METAEY TWV CUVOUIANTWY
N XAPAKINPLOTIKA €lKOVaC). Emouévwe dev umopel kKavelg va yvwpilel mwg Ba cupnepidpépovtav ta
OUOTNHATA EKEIVWV TWV EPEUVWV LOVO LLE AKOUOTLKA XAPOKTNPLOTLKA.

1.3 Zvvelo@opa

Itnv mapoloa epyocia acXoAOUUAOTE LE TNV OvVAYVWAELON cuvalobnuatog kat tslaitepa Tou
BupoUl oe nxoypadnUEVEG GUVOULALEG, otnv EAANVIKA YAwooa, PLeTafl Twv MEAQATWY KOl TwV UTTAAANAWY
€VOG TNAedwWVIKOU KEVTPOU. H mapouoa epyacia gival n mpwtn Tou €idoug TG yia Ta EAANVIKA Kot T
TEPAUATIKA TNG amoTteAéopata eival eGAUAA TWV ATIOTEAECUATWY OVTLOTOIXWV EPEUVWV TIOU £XOUV
vivel pe ouvoplieg oe aMeg yAwooes. To cUOTNUA TNG €PYACLOG EMITUYXAVEL TTOCOOTO 0pBOTNTAG
(accuracy) g td&ng tou 70-80%, avaloya pe Tov TPOTO ekmaideuong kat afloAoynong Tou (e€nyolvtal
TIOPOKATW), OMOTEAECHOTO TIOU E(VOL APKETA LKAVOTOLNTIKA, Sedopévou OTL XpnoLomolouvTal POvo
OKOUOTIKA XOPOKTNPLOTIKA. ZNUELWVETAL, £TTONG, OTL TO CUOTNUA TNG EPYACLOG UMOPEL va EVTOTOEL
OUYKEKPLUEVO TUAUATA TNG OULALaC, OTtou ekdpaleTal (Evtovo) ouvaioBnua kat tdlaitepa BupoG.

To ovotnua NG epyaciag pmopel va xpnolpomownBel w¢ adetnpla mpog éva PBeAtlwpévo
cuotnua mou Ba evtomilel MeEPLOOOTEPA CUYKEKPLUEVA cuvaloBnuata (oxt povo Buuod), Aappdavovtag
uTIOYPIN Kat AeEIAOYLKA XOPAKTNPLOTIKA (LECW avayvwpLong opAlag) ) XapaKTnPLOTLKA ELKOVAC.

1.4 AuapOpwon Epyaociag

Jto Kedpahaio 2 (YmoPaBpo) avadépovtal ol aAyoplOpol pnxavikng padnong kol peiwong
Slootdoswv mou xpnowpomolwnOnkav, pall pe mopanounéc oe PBBAla mMou TOUC TEPLYpAdOUV
avaAutikotepa. Emiong, mapouaoidalovrtal ot tpomol Slaxeiplong TNG AVICOKATAVOUNE TWV KATNYOPLWY
Twv debopévwy (class imbalance) mou vloBetrOnkav.

2to KeddAaio 3 (Asdopéva) meplypadovtal EKTEVWE Ta SE60UEVA TWV TTELPAUATWY TNG EPyAOiag,
0 TPOTOC XELPWVOAKTIKNG ETLONUELWONG TOug Kal To epyaleio ELAN mou xpnotpomolfnke kotd tnv
EMIONUELWON.

2to KeddAawo 4 (Zuotriuata) mapouctdletol To cuotnua mou dnuloupyndnke KabBwg kal ta el
HUEPOUG OTOLXELO TOU.

Y10 KeddaAawo 5 (Mepdapata) meplypadovral ta HETpa aloAdynong mou Xxpnolponotnonkay Kat
TO TIELPAUATIKA amoTeAéapota Stadhopwyv HopdwV TOU GUOTAHATOC TG EPYACLAG.

Y10 Kepahalo 6 (Zupmepaopata kot peAlovtiky €pguva) cuvoilovtal Ta CUUMEPACUATA TNG
EpPYyaoiog KoL TpoTeivovTal TPOTmoL LEAAOVTIKNC BEATIWONC TOU CUCTHUATOC.
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1.5 Evyaplotieg

Oa nbeha va euxaplotiow tov enBAETOVTA KaBnyntn pou K. lwva Avépoutodmoulo Kal tov Epsuvnth
Tou Epeuvntikol Kévtpou «ABnvda» kal cuv-eriPAémovta k. Xapn Mamayswpylou yla TiG MOAUTILEG CUUBOUAEC
TOUC KOTA TNV €KTIOVNON TNG €pyaciag Kol To xpovo mou enévduoav wote va StapopdwbOel n epeuvnTikn Hou
okéPn. Odpellw emiong va suyaplotiow to Makn Malakaowwtn, HEAog Tng Opadag Emetepyaoiag Ouolkng
Mwaooag tou OwovopLkoU Mavemiotnpiov ABnvwy, yla T oNUOVTLKEG CUUPOUAEG, LOEEC KAl TTAPATNPIOELS TOU.
Téhog Ba nBela va suxaplotiow ta YEAN tou Epeuvntikol Kévtpou «ABnva» k. Mapio Koutcoumoyepa Kal K.
Anunten TaAdvn yla TG cUMPBOUAEG TOUG, TIC BACELG KOL TO UALKO TIOU Ttapeixav yla tn dnpoupyia tou
OUCTHHATOG AUTAG TNG Epyaociag.
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2. YtoBadpo

2.1 AAyopLOpot pnyavikic paénong

TNV mapouaoa epyacio xpnowdomnowtnkav aAyoplOuol emPAEMOUEVNC LNXOVLKAG LABNONG Kal
TIO OUYKEKPLUEVA KUplwg AoyloTikn TaAwvépounon (Logistic Regression, LR) kal pnxaveg Stavuopdtwy
urnootnpeng (Support Vector Machines, SVMs) pe ypoppikd mupnva. Ot alyoplBuot autol
xpnowomodnkav S10tL eival moAU SladeSoUEVOL KAl EMITUYXAVOUV TIOAU KOAQ QMOTEAECUATO OF
moA\A mpoPAnuata kKatnyoplomoinong. Efetdotnkav emniong ev pépel Kpuda MapkoBlava Movtéla
(Hidden Markov Models, HMMs) kat Ymo Opoug Tuyxaio MNedia ypapuikng alvoidag (linear-chain
Conditional Random Fields, CRFs). OAoL autol ot aAyoplBuol meplypadovial o kabiepwpéva BLBAla

unxavikng padnong (BA. m.x. [40], [41]).

2.2 Meiwon Staxotacswv pe Avaivon Kvpilwv Zuvictwowv

H Avaluon Kupiwv Zuvictwowv (Principal Component Analysis 1 PCA) amnelkovilel €va cUvolo
arnod TBavwe CUCXETIOUEVEG TUXOLEG LETAPBANTEG O £VOL XWPO OTIOU OL (VEEG) UETOPANTEC €lval YPOUULKA
ave€AaptnTeC. MNa va TO EMITUXEL AUTO XPNOLUOTIOLEL TIG LOLOTIUEG Kal Ta dlodlavuopata Twv SeSopévwv
(6elypartog TlHWY TwV TUXaiwyv peTafAnTwV) ou maipvel wg eicodo. ZTtnv mepimtwon tng eMPAENOUEVNG
UNXQVLKAG HaBbnong, oL tuxaieg petaBAntec eival xapaktnplotika (features) kat n PCA xpnotuormnoleital
yia va énuwoupynBel €va véo ouvolo (ouvnBwcg AlyOTEpwvV) KAl YPOUUIKA OVEEAPTNTWV VEWV
xapaktnplotikwv. H PCA koL n xpnon tng oOTn HUNXAVIKA HABnon meplypddovtol EKTEVWG 0T
BBAloypadia (BA. m.x. [38]) .

Y€ YEVLKEG YPOUMEG, KoL OTwg avadépetal oto [38], n PCA edapudletal we €AG:

AapBavoupe kamnota dedopéva eknaidbevonc (mivakag A).

AdalpoU e TO HECO OpO Ao KAOE XOPAKTNPLOTLKO.

YroAoyiloupe tov TETpaywVLKO Ttivaka cuvSlakupavong (X).

YroAoyilou e TIg LOLOTIPEG Kat Ta Wblodlavuopata Tou mivaka 2.

TafwvopoUpe TG LSLoTIHEG (Kot Ta avtiotolya tblodlavuopata) kata ¢pbivouoa oslpa.

o vk wnNRE

EntiAéyoupe ta k mpwta Wdlodlavuopata, 0mou k to mARB0¢ TwV XapoKTNPLOTIKWY TTOU
B€Aou e va €XEL TO VEO GUVOAO XOPOKTNPLOTIKWY, KAl SNULOUPYOUUE éva TtivaKa
FeatVec = (16todiavvouay, ..., 1dtodtavvouay,).

7. MNoA\amAactdloupe tnv avtipetdabeon tou FeatVec pe tnv avtipetdbeon tou mivaka
TWV 0PXLKWV poac deSopévwy Kot TNV avtipetabeon Twv dedopévwy agloAdynaong.

InUelwveTal 0tL n PCA eivat evailoBntn oto e0POC TILWV TWV APXLKWVY HETABANTWY, YU AUTO Kol Ol TLUEG
TWV PETAPBANTWY TOU Selypatog apyxikd cuvnBwg Kavovikomolouvtal (BA. mapakaTw).

MNa va emAé€oupe to K, dnAadn to mMANBOC Twv VEWV XAPOKTNPLOTIKWY, O aUTH TNV epyacia
akoAouBoulpe tnv g€nc dtadikaoia:

1. YmoAoyi{oupe TIG LOLOTIHEG Kal Ta LOLOSLOVU AT OTIWE TTOPATIAVW.
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2. Tafwopoupe TG WOOTIHEG (kal aviiotolya ta dlodlaviopata) katd avfouca Oelpd.
AltaoOnTikd, ot WOloTHEG pag deixvouv tnv mAnpodopia Tou apxkol cuvolou Sedopévwv
eknaidevong tnv omola mepléxouv ta avtiotolya LSLOSLAVUOUATA, TILO CUYKEKPLUEVA TN
Sladopad ¢ mAnpodopiag Tou ekAoToTE L5LOSLAVUCUATOC Ao Ta UTIOAOUTA.

Eigen Value

700

50 /—\/

500 /

400 /

300

/ Eppadov kdTw ammo

200 / KapmoAn = 2634

100

o T T T T T 1
1] 2 4 [ 8 10 12

ID EigenVector

Ewéva 1: KapurOAn Slotipwv o ab§ovoa celpd

3. ‘Emewta unoAoyiloupe yla kABe SOt X; TNV TN ZnXi = OMoU n To MANB0C TWV LELOTLUWV.

j=14j
KataArlyouue €101, 0€ pia vEQ KAUTTUAN e TIREG oTo Stdotnua (0,1) kat epBadov éva.

Eigen Value f Sum( Eigen Values )

0,25

o /\/

0,15

Eppadov kaTw amro
™ Kapmihn =1

0,1

0,05

0 T T T T T 1
o 2 4 =] 8 10 12

ID Eigen Vector

Ewkova 2: KavoviKomotnuéEVn KaUmUAn LOTIHWY pE eppadov 1

4. TEhog emiléyou e va xabel mAnpodopia mou va avilotolyel .. oto 10% tou epPfadou. Ito
napadetypa adatpovvral 4 1dlodlavuopata and ta cuVoAka 10, ooTe 0 VEOG XWPOoG EXEL 6
Slootdoelg). To TooooTO ToUu CUVOALKOU epfBadou mou adalpeital eivol mTapApeETPOC TOU
OUOTAMATOG.
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Eigen Value / Sum( Eigen Values )
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02 / S
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Ewova 3: ErAoyr) XapoKTNPLOTIKWVY LE XPoN TNG KOAUUANG TWV LSLOTLHWY

2.3 ALYELPLOT) AVIOOKATAVOUNG KATIYOPLOV

Q¢ aviocokatavoun koatnyopwwv (class imbalance) evvoolue tnv mepimtwon 6mou to MARBOG Twv
OTLYMLOTUTIWY  ekTaidevong plag katnyoplag Eemepvd katd TOAU to0 MAABOC TWV OTLYULOTUTIWV
ekmaibevong piag N mepLocotépwyv AAAwV Katnyoplwv. Autod amoteAel mpoPAnua, ywoti ocuxva ot
aAyoplBuol pabnong, €xoviag mMoAU MepPLocOTEPA Tapadelypata and pia katnyopia, kataAnyouv va
pepoAnmrolv €1 PBdapo¢ Ttwv umoloimwv. Exouv mpotaBsl MOAAEC TEXVIKEG QVILLETWILONG TOU
npoPBAnuatog avtou (BA. .. [8]):

o YnepbewypatoAnpia tng HELOVEKTIKAG Katnyopiag pe tuxaia &eswypatoAndia (ROS). Ztnv
nepimtwon auti npoocBétoupe ota debopéva ekmaidbevong aviiypada tuxaila emAeyuévwvY
OTLYMLOTUTIWY  eKTtaiSeuoNnNg TNG MELOVEKTIKAG Katnyopiag, wote ot &Uo Katnyopieg va
kataAn€ouv va €xouv To (810 ANB0C¢ oTypLoTUNWY eKkmaideuonc.

e YmodewypatoAnPia TG TAEOVEKTIKAG Katnyopilag pe tuxaia SswypatoAndio (RUS). Itnv
nepimtwon auth adalpoUpe amo ta deSopéva eknaldeuong Tuxalo EMAEYUEVO OTLYULOTUTIO TNG
LELOVEKTIKNG Katnyoplag, wote ol U0 katnyopieg va kataAnfouv nmaAL va €xouv To 6o mAnbog
OTLyMLOTUTIWY ekmaidevong.

e AmO kKowoU tuxaia umepdelypatoAndia TG HELOVEKTIKAG Kot umodelypatoAndia t™ng
TIAEOVEKTLIKNG Katnyopiag (ROS kat RUS).

e JuvBeTikn umtepdelypatoAnia TNG LELOVEKTLKAG Katnyopiag (SMOT, SMOTE, k.a.) [8][9].

e Anutoupyia aAyopiBuwv padnong mou xpnotpomnololv KAmolo kootog (i Bapog) uPnAdtepo yia
TNV HELOVEKTIKN Katnyopia Kal XaunAGTEPO YL TNV TAEOVEKTLKN.

e YmepSewypatoAnpia xpnolpomowwvtag opadomnoinon (clustering) dedopévwy, adalpwvtag ta
neptttd ) BopuPBwdn Seiypata [8].

e AMAoL alyopiBuol evioxuong (BABoost k.a.) [8].

Jtnv napoloa epyacia, xpnotpomnolovvral ot Texvikég ROS kat RUS (ot katnyopieg eival mavta vo).
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2.4 TyeTiKn épevva

OL TPONYOUMEVEC EPEUVEC TIOU HeAETAONKav ot SldpKElX TNg Tmopouoag epyaciog
TomoBetouvtal xpovika amd to 2001 péxpt to 2014. O peyaAltePOC MPOPANUATIONOG KATA TNV
avayvwplon ouvaloOnuato¢ daivetal va eivat o cadng Slaxwplopog Twv Katnyoplwv. Kamotot
Eexwpilouv to ouvailcBnua oe Tpelg katnyopieg: kaBolou, Aiyo 1 moAU [13]. ANoL Eexwpilouv TO
ouvaiobnua oe Vo katnyopieg: xwpl¢ ouvaiobnua, pe ouvaiocBnua [29] [ apvnTika Kot BTk
ouvalobnuata [12]. MNapatnpeital, emiong, OTL oL AVOPWTOL-EMIONUELWTEG cuxVa Sladwvouv wg POG
TN OWOTN EMONUEIWON TUNUATWY OAlaG, OTav €xouv Tia KaBoplotel ol Suvatég katnyoplies. MNa auvto
TO AOYO Xpnolpomoleital cuxva o cuvteheotng Kappa (Cohen's kappa coefficient) [37], éva pétpo yla tnv
UETPNON TNG oUUPWVIaG HeTalL emonpUelwTwWY (inter-annotator agreement).

Ol gpeUVNTEC TOU TOMEQ TNG avaAuong cuvaloBnuatog mpooeyyilouv to MPOPAnUa and dvo
Kateubuvoels. JUpPwWva HE TN TPWTIN TPOCEYYLON, ONUIOUPYOUUE XELPWVOKTIKA ETIONUELWUEVA
Sebopéva (m.y. Tupata optAiag), Ta xwpilovpue os Sedopéva eknaibevonc (training data) kal dedopéva
eAéyxou (test data), ekmaidevoupe €va poviédo ota Sedopéva ekmaideuong HEow Vo aAyopibuou
pHabnong kat katomv aflodoyoupe To povteAo ota Sedopéva eAéyxou (Ewkova 4).

Ewova 4: MoVvtéAO CUCTNUATWVY XWPIG LETAOXNHATIOUO TWV cuvaloOnuatwv

Kata tn 6gUtepn mpoaoéyylon yivovtal U0 eMONUELWOELC Yo KABe cuvoplia. Mia emonueiwon
yla To cuvaioBnua (xapd, doBog, KAL) Kot pia emonueiwon yla 800 cuvhBWE CUVICTWOEC: valence Kot
arousal (n aAAe¢ ocuviotwaoeg ou opilovtal avaloya pe to mpoBAnua [16]). Eva povtédo skmatdevetal
va TpoPAEnel TI¢ ouviotwoeg (PA. Ewova 5). MNa kabe otyplotumo twv SeSopévwv eAEyxou, TO
EKTOLOEUUEVO HOVTEAO E€MIOTPEDEL pia TR ava ouviotwod. Ol TWEC AUTEC UETOTPETOVIOL OF
EKTIUNOELS ouvaloBnuatog (xapd, ¢OBog, KAM.) OUYKPIVOVTAC TIC HE TIC OVTIOTOLXEC TIHEG TWV
XELPWVOKTLIKA ETUONUELWHEVWY OTLYHLOTUMIWY eKmaideuong, yla to omola eivatl Stabéoua 1000 TA
ouvaloOnuato 600 Kal ol TWHEC Twv ouvicTwowv (valence, arousal). H olUykplon yilvetal cuyva
edpapudlovrag opadonoinon (clustering) ota XEPWVOKTIKA EMICNUELWHUEVO OTLYULOTUTIOl EKTTAiSELONG.
Mo KAOe OTLYULOTUTIO EAEYXOU YLOL TO OTIOLO €XOUUE MLO EKTIMNON Twv cuviotwowv (valence, arousal),
Bpiokoupe m.x. TNV opada (cluster) Twv OTWYUOTUNMWV EKMAISEUONG HE TIC TILO KOVTLVEC TLUEG
OUVIOTWOWV KOl KATOTAOOOULE TO OTLYULOTUTIO EAEYXOU OTO TILO GUXVO cuvaicOnua (xapd, $popoc kAm.)
¢ opadac. Ot mpoPALPEL CUVALODAUATOC ylot TO OTLYULOTUTIOL EAEYXOU CUYKPLVOVTOL TEAIKA UE TO
ovTioTOLXO XELPWVAKTLKA ETILCNUELWHUEVO CUVALOOAUOTO TWV OTLYLOTUTIWV EAEYXOU.
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Ewkova 5: MovtéAo CUCTNUATWY PE LETAOXNUATIOUO cuvalcOnpdatwy os Valence Arousal

2tn BBAoypadia ta dedopéva mou xpnolponololvTal gival Katd KUPLo Aoyo nxoypadnoelg

nbomowwv mou tou¢ Inteital va umokplBolv cuvalcbniuata (acted data) [15] koL O OPLOMEVEG

neputtwoel dedopéva amd ouvopdieg pe Sladoylkd cuotiuata [25] 1 umaAAnAoug [30]. Ta

TIEPLOCOTEPO. OXETIKA OUVOAa Sedopévwv TOU eviomioTnKav otn SLAPKELD TNG Tapouoag epyaciag

nepLEXxouv nxoypadnoelg otn Meppavikn yAwooa (Elkova 6).

Z0voAa AeSopévwv
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o N B OO
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German English  Unidentified  French Farsi Czech Russian Slovak

Polish

Ewova 6: Frpadnua nAndoug cuvolwv §edopévwv avd yAwooo

Ta xapaktnplotikd mou efayovtal ota melpapata tng PBiBAloypadiog eival aKoOUOTIKA,

Ae€LKOAOYIKA Kal OTTIKA. Ta AKOUOTLKA XOPAKTNPLOTIKA €lvol eKelval Ta omola Tpoépyxovtal amo Tn

KUMOTOMOP®N TOU OAUOTOG, OTWE SLAPKELA, EVEPYELD, TOVOG N cuxvotnta. Ta Ae€lkoAoyika elval ekelva

TIOU TIPOEPXOVTOL E€I(TE QMO QUTOMOTN OVAYVWPELON OMIAIAG €TE aAmMO QUTOMATN OVAYVWELON

Avayvdpion covoucOnudtev 6€ Tpoeopikd SdAoyo

oel.13



OUYKEKPLUEVWV AEELKOAOYIKWV OpwV, OTwe AEeLg, dwvnuata, dtypdppata. Ta omTikd eival ekeiva mou
AapBdavoupe Uotepa amd kotaypadry Tou OMIANTA HE OMTIKA MEoa Kal ouvhbwg adopolv T
XOPOAKTNPLOTLKA TOU TIPOCWITOU TOU, TLG KIVAOELG TOU 1} TN 0TACH TOU OWUATOC TOU.

Ot aAyoplBpol pnxavikng pabnong mou xpnotpomnotovvtat otn BiBAloypadia cuvolilovtal oto
MNapaptnua 1. O mapakdtw mivakog cuvoPilel Tn ouxvotnta Xpriong kabes alyopibuou pabnong.

MARBo¢ apBpwv d1ou XpnotpomnoLeitat o KaBe aAyoplOpog Baocsel

™G GUAAOYNG Mg

12

10

8

6

4

S e

NI BB B S BN EEED

HMM LDC SVM kNN Gaussian GMM Decision AddTRee Neural SVR RBF Naive Bayes

Density Trees Networks

Ewova 7: Frpadnpa mAnboug avadopwv os dpbpa ava alyoplOpo

Mapatnpeitat Aowmov OTL KOTA KUPLo AOyo OTnV avoyvwplon ouvalcbnuatwv otn dwvn
xpnotpomnotovvtatl SVMs kat Gaussian Mixture Models (GMMs) [42].

MapaBETouEe MOPAKATW TIEPLOCOTEPEC TTANPODOPLES yLa TIG EPEVVEG TtOU Elval Tilo cuvadeig pe
™ 81K pogG:

Apxwka oL Min Lee k.d. [11] katnyoplomoincav kataypadeg amo eva TNAePwVIKO KEVTPO, TIOU
xpnotuorolel Intelligent Virtual Agents yla tnv €§unnpETnon Twv MEAATWY, OE APVNTIKEG KAl K. 2TNn
OUVEXELD €€nyayav XapaKkTnpLlotika pitch kot evépyelac. Xpnowpomowwvtag LDC, SVMs kat kNN kabwg
kat PCA ylwa peiwon Slaotdcewv mETuXav mooooto opBotntag (accuracy) 72,46%. Ta Sedopéva pog
SladpEpouv, KabBwe otnv MepMTWOoN pog UTApxouv U0 AvBpwIoL CUVOIANTEC.

Ot Vidrascu k.a. [18] métuxav opBotnta 73,00% mpoomabwvtag va EEXxwploouv apvnTIKEC
OUVOMIAieG ammo oubEtepec. Xpnowomnoinoav dedopéva otn MaAAK yAwooa amd o SLadkTuaKn
eTalpla ayopamwAnoiog PETOXWV Kal eEfyayav XOpaKTnpLOTIKA evEpyelag, dldpkelag ouvouiiag, fO,
daopatika (spectral) kot mpopAnudatwv apBpwong (disfluency). Ot aAyoplBuol pabnong mou e€Etaocav
elvat SVM, &évipa amodaonc kat Pndodopiag (voting). Ou dot [19] katadepav va Eexwpioouv
0pVNTIKA oo BeTikad ouvaloOnuata pe opbotnta 83,49% oe deSopéva amnod to TNAEPWVLKO KEVIPO €VOG
LOTPLKOU KEVTpou. Xpnaowuornoinoav SVM kat Logistic Model Trees kal xapaKTtneLoTKA TTou a.dpopouv TNV
npoowdia, GaACUATIKA XOPAKINPLOTIKA, Tavoelg, B6pufo KAT. (non-verbal events), mpofAnuata
apBpwong, v evépyela, fO kat tn Sldpkela ¢ cuvopdiag. To mpoBAnua mou eEetalouvpe Sladépel
ano v anon OtL el mpoomabolpe va avakoAUPoupe edv UTIAPXEL cuvaioOnua Kal £melta va
BpoU e €va CUYKEKPLUEVO apVNTLKO cuvaicOnua (Bupoc).

Ot Burkhardt k.a. [25] xpnowwomoincav &edopéva amd £va Voice Portal omou o meAdtng
OUVOHILAOUOE HE €va aUTOMATO SLaAoylkd cuotnua. EENyayav xapaKkTnploTika npoowdiacg, Slapkelag,
pitch, intensity, kat MFCC [44] yiwa va Eexwpiloouv cUVOUIALEC TTOU TiEpLELXOV TO OTOoLXElo Tou Bupou amod
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ekelveg mou bev to mepleiyav. Enerta and peiwon Siaotdoewv pe PCA Kol XpNOLLOTIOLWVTAG TOUG
aAyopiBuoug pabnong GMM kot SVM métuxav nocooto opBotntag 70,00%.

Ot Neiberg k.a. [26] xpnowomnoinocav dedopéva amod pia Zoundikn etalpeia tnAedwviag ya va
e€et@oouv TO MPOPANUA QAUTOUATNG avayvwplong tou Bupol oe auBopunto Adyo. Xwplooav Tto
bdebouéva o TpelG Katnyopleg (apvntiko, epdatikd 1 €vitovo, oudétepo Adyo) cludpwva UE TNV
ETILONUELWON EVOCG EUMELPOU €PELVNTA PWVNC, Xxpnolponoinocav GMMs yua tnv tafvopnon kat MFCC
XOPAKTNPLOTIKA. Ta amoteAéopata mou napouactalouv Seixvouv moocooto opbotntag 76.50 %.

To Napaptnua 1 cuvoilel Ta oxeTKA apBpa mou HeAeTHONKAV ot SLAPKELA TNG Epyaciag, Ta
dedopéva mou xpnotpomoLolV, Toug aAyopibuoug nadnong, ta PETpa afloAdynong, To amOTEAECUATA
ToUuG KATL. O Ttivakag eivat taflvounuévog cupdwva e to £€to¢ Snuocieuong, katd avouoa oeLpa.
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3. AsSopéva

3.1 [Inyég 8eSopévmwv

Ta 6edopéva ta omoia e€etalel n BiBAloypadia pmopolv va XwpPLoToUV o€ TPELG Katnyoplies. H
npwtn katnyopia (Acted), adopd Sedopéva (opthia) Ta omola €xouv nxoypadnbel o epyaoTtnPLAKEG,
eAeyxOUEeVEG ouVONKeG e nBomoloU¢ oToug omoioug eixe doBel Eva oevaplo, BACEL TOU omoilou EMpene
va ekdpAoOUV CUYKEKPLUEVA cuvaloBnuata. H gutepn katnyopia (Semi-acted) adopda dedopéva ta
ormola, OMwG KaL N MPWTN Katnyopia, €xouv nxoypadnbel oe epyaotnplakeg, EAEYXOUEVEG OUVONKEG. Z€
QuTA TN Katnyopila, OpwE, TPOooTaboUUE va EKUOLEUCOUME ouvoloBnuata amd avunoiootoug
avBpwroug, TPOPAANOVTAG TOUG KATmolo epeBiopata Tou Umopel va empEPouv TO aVTIOTOLXO
ouvaioBbnua. Itn tpitn katnyopia (Real), ta Sedopéva culAéyovtal amd CUVOUIAIEG OE TPAYUOTLKO
neptBarlov, amd OoUANTEC oL omoiol ekdpadlouv cuvalobnuata yla TPAYMOTIKA Yeyovota, OE
TPAYUATIKEC ouvOnkes. TEétola dedopéva adopouv cuvhBwWC cuvopAieg oL omoieg kataypddovtal o€
TNAEPWVIKA KEVTPQ, OTOU OL MEAATEG WA €TALPlOG oUVOULAOUV €lte pe KaAmolov UTAAAnAo, eite He
OUTOMOTO CUOTNUATA EPWTATIOKPIOEWV. XTn mnepimtwon pag efetacape Sedopéva NG TPITNG
katnyoptiag (Real).

Ta debopéva mou xpnolpomoltndnkav otn mapoloa €pyocia MPoEpyovtal and nXoypodroeLg
oto TNAedwWVIKO KEVTPO Uiag etalplag mou mapéxel uninpeoieg tnAedpwviag. Elvat nxoypadbnuéva os éva
KavaAl, 16 bits ava delypa kat puBud deypatoAndiag 8000 Hz. Mpokettal yia cuvoAika 137 apxeia
fxou ta onoia xwpilovtal o€ 6 KOTNYOpPLEG:

e QO TNV €TOLPLA TPOC TOV MEAATN YLa TN tpowBnon Kwvntng tnAedwviog (Mobile),
e QO TNV €TOLPLA TTPOC TOV MEAATN yio aAAayr) TakETou optAiag (Upgrade),

e Qo TNV €TOLPLA TPOC TOV MEAATN YLa v Yivel vEéog ouvépountn (Telesales),

e QO TNV €TOLPLA TPOC TOV MEAATN YLO VA TOV KaAwoopioel otnv etatpia (Welcome),
e Ao tov eAdTN Mpog tnVv etalpia ya va {ntroet Stakormn (Churns),

e QO TOV TTEAATN MPOC TNV £TaAlpia yia va evnuepwOel (Customers).

H Ewodva 8 deixvel to mooootd Ttou OUVOALKOU TARBOUCG TwV KANCEWV TIOU UTIAPXOUV OTLG
TIAPATIAVW KATNYOPLEC.

Madll pe ta apxela Axou n etalpia MPocEdepe Kal oToXela yla Tov KwdIKO aplbuo (id) tou
urtaAARAou Tou (AAEL, KaBw¢ Kal To pUAO Tou. Z€ KABe cuvoulAia oo Tig cuVOoAKA 137 uttdpyxouv duo
OUANTEG. Kataypaape Ti¢ 4 SLadOPETIKEG TIEPUITWOEL OTNV KATAVOUN TwWV GUAWV CUVOUIANTWV
(@vépac umalAnAoc-avépag meldtng, avépag uUmMAAANAOG- yuvaika meAATNg, yuvaika UTAAAnAog-
avdpag meAdtng, yuvaika umdAAnAog-yuvaika teAatng,). H Elkova 9 deiyvel Ta amoteAéopartal.
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Katnyopieg tnAedpwvnuatwv

@ Customers
M Churns

@ Upgrade
W Telesales
B Welcome

[0 Mobile

Ewova 8: Ta €i6n twv cuvopAlwy ota Sedopéva TnG Epyaciog

MARBo¢ Kot T0G0GTO TOU PUAOU GTLG CUVOALKA 137
OUVORULALEG

B YraAAnAog Nuvaika - Mehdtng Muvaika
B YraAAnAog Muvaika - Mehdtng Avépag
M YraAnAog Avépag - Meldtng MNuvaika

B YridAAnAog Avdpacg - Meldtng Avdpag

Ewkéva 9: MA00¢ Ko tocooTtd Tou GUAOU 0TS GUVOALKA 137 cuVOMIAIES

4.2 Emonpueiwon

Mo va YIVEL XELPWVOKTLIKN €MIONUEIWON O KABE KOUUATL NXOU, XPNoLLomolnOnke to gpyaleio
ELAN, éxkboon 4.7.2, oTlylWOTUTIO TOU OTolou mapouctdletal otnv Ewkova 10.% To OUYKEKPLUEVO
epyaAeio emTpENEeL TNV enMonpeiwaon og apxela Rxou kat Bivteo, opyavwuévn ot emnineda tepapyiog (BA.
Ewkova 11), pe gveli€ia ota 0pld ¢ €wg Kal o€ eninedo msec. To ypadiko tou mepBAAAOV ETUTPEMEL
NV €AOyr} OTMOLOUSHTIOTE KOUUATIOU amod To apxelo, tTnv amokpudn kot epdavion emmedwv yla
KaAUTEPN ETUONUELWON KoL Tn XPNon TPOKABOOPLOHEVWY OpwV, yla Vo OploTel Hla eviaia popdn

2B\ https://tla.mpi.nl/tools/tla-tools/elan/
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ETUONUELWOEWVY ATIO OAOUG OGOL ACXOAOUVTAL UE TNV ETIONUELWCN OE £Va CUYKEKPLUEVO Telpapa. TEAOG
ETUTPETEL TNV TIPOBOAN OTATLOTIKWY OTOLXELWV OAAQ KOLL TN CUYKPLON ETUONMELWTWV.

% ELAN - chumiea
File Edit Annotation Tier Type Search View Options Window Help

"Grid | Text | Subtities | Lexicon | Audio Recognizer | Metadata | Controls

100 L
0 50 100
churn1.wav
Dwste Osolo ¢ o A il e
Rate:
100 O
0 100 200
ooo521675 Selection: 00:05:21 675 - 00.05:22 885 1180

(KK W SR DEDEMIMDE] [(SLEIE] (Sl [L1T] Dssmtortion Clioorioss 4

%
e —— N —— N — N — R —— e e :
chumiwav | v |  0516.000 00:05:17.000 00:05:18.000 00:06:19.000 00:05:20.000 00:05:21.000 00:06:22.000 00:05:28
e e R . e L sttty o A LR o
I:05:16.000 00:05:17.000 00:05:18.000 00:05:19.000 00:05:20.000 00:05:21.000 00:05:22.000 00:05:23%
S1_Emotions/Atttu
18]
 Emotionsiatity }Negatlve | Negative
24]
EMO1
Bl
EMO2 Pes—l
12
[«] L] =k

Ewkova 10: Ztiyutdtuno epyaleiov ELAN

To ELAN xpnowuomnoliOnke yla TtV EMNCNUEIWON TUNUATWY OMIALAG OTTOU:

e Ou\el 0 UTtGAANAOG

® OMAEel 0 meAATNG

e umApxeL i 6ev untdpxeL omolodnmote cuvaicOnua
O UTApXeL BeTIKO 1] apvnTkO cuvaicOnua

e UmApxeL BuuOG.

Ta cuvaloBnaTa mov 0 EMONUELWTAG (0 cuyypadEag AUTG TNG EPYAOCLOG) EMPETE VOL EVTOTILOEL
elval ekelva mou opiotnkav amnod tov Paul Ekman to 1972 [1], ta omolia sivat: xapd, €kmAnén, andia,
d6Bo¢g, Bupog kat Aumn. EQv og KATIOLO TUAUA UTIAPXE OTOLOSATIOTE O AUTA Ta cuvaloBnuata, o
ETUONUELWTAG OonUeElwve To TUNMA w¢ Emotional kal €mewta €dv o olANTAG ATtov BUpWHEVOC, TO
emonueiwve wg Angry aAwg we Not Angry (Ewova 11).

IH Angry

’é Emotional H>
e Kopudr tou = Not
Wav Wav ﬂ> Angry

B Non

Emotional

Ewova 11: lepapxio emonpeiwong
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Jtnv Ewkéva 12 mapouotaletal n avaloyia tou mMARBouUG Twv mapabupwv Tou mapouclalouv cuvaiodnua pe
ekelva mou 8ev mapouotdlouv. TUVOAIKA UTtapxouv 34681 mapdBupa Stdpkelag evog deutepoléntou os 137

OUVOMILALEG.

M MARBo¢ mapabupwv xwpic cuvaiodnua

M MARBo¢ mapabupwv pe cuvaicdnua

Ewkova 12: Avaloyia mopadupwv pe Kot Xwpic cuvaictnua

Jtnv Ewova 13 mapouaotdetal To MoocooTo Tou MANBOUC TWV EMIONUELWUEVWY TUNUATWY HXOU
TIOU TIEPLEXOUV QPVNTIKO Kol BeTkO ouvaiobnua. MNoapatnpeital OTL Ta MEPLOCOTEPA ETUONUELWUEVA
dedopéva elval apvnTIKA, TO OO0 AmoSISETAL OTO OTL OL IEPLOCOTEPOL OUANTEG ekdpalouV Ttapamova.

M MARB0¢ EMONUELWOEWY HE OPVNTIKO cuvalodnua

M MARB0o¢ emonUELWOEWVY PE BeTIKO cuvaiodnua

Ewova 13: Avadoyia apvnTikwv-0eTikwv cuvalodnpudtwv

Ano Tta ouvoAikka 137 apxela nAxou, HMOvo T 36 apxela Tapouciacav otolxEla
Bupol katd TNV TeEAKN emonueiwon, evw amnd ta 36 apxeia pévo 1o 11% NG CUVOALKAG SLAPKELAG
napouotalel Bupod. H Ewova 14 Seixvel tnv avaloyio tou mANBouG Twv apxeiwv mou mapouotalouv
Buuo oe kamolo onueio pe ekelva ta omola Sev mepLExouv kaBoAou To otolyeio Tou Bupou.
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m Apxeia pe Bupo
B Apyela xwpic Bupd

Ewova 14: NARB0o¢ apxeiwv rou napouctalouv Bupd

H ewova 15 mapouaoidaletl tnv avaioyia mapaBlpwv SLApKeLlag evOC SEUTEPOAETITOU TIOU TIEPLEXOUV TO
otolxelo Tou Bupou Kal ekeivwv Tou dev ePLEXOUV TO oTolyeio Tou Bupou. To diaypappa adopd Hovo
TO apyeia mou mapouciacav Bupd dnAadn To 26% Twv apxeiwv onwc ¢aivetal otnv Ewkdva 14.

M Mapabupa pe Bupd
H MapdBupa xwpic Bupo

Ewkéva 15: Nocooto epddviong Bupou os tapdBbupa 1s

Ta dedopéva mapouciacav avicopporio KATNYoPLWV TO0O YLo TNV EMONUELWON cuvaloOnuatog
000 Kal yla TNV emonueiwon tou Bupol. MNa autd to AOyo, XPELAOTNKE TPV A0 TO TEPAMATA
aviyveuong Bupou va yivel umodelypatoAnyia (undersampling) 1 unepdetypatoAndia (oversampling)

ota debopéva.
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4. TVOoTNHATO

H Swadikaoia ekmaideuong kat eAéyxou (afloAdynong) tou cuotipatog amoteAeital and 10 Baoika
BrAuoata:

Brpa 1: XelpwVaKTIKA EMoNUEiwon

Brua 2: E¢aywyn mapablpwv nxou

Brjpa 3: E€aywyn XapaKTNPLOTIKWY

Brjpa 4: Alaxwplopog OTLYULOTUTIWY OE KATNYOPLEC

Brjpa 5: Kavovikomoinon 6edopévwy

Brpa 6: Melwon S1aoTAcEwV TOU XWPOoU TwV SeS0UEVWV

BAua 7: YmodetypatoAnyia i unepdetypatoAnia

Brpa 8: Alaxwplopog Sedopévwy yla ekmaibeuon Kal EAEYXO LOVIEAWY
BrAua 9: Ekmaideuon povtéAwy

Brjpa 10: EAeyx0C LOVTEAWY

OAa ta Bripata yivovtal autopata, EKTO¢ Tou tpwtou. H Stadikacia mapouoialetal katl otnv Elkova 16.
OL umAe kUKAoL €lval onuela ota omoia MOPAUETPOL TOU CUCTHUATOC TIPEMEL Vo pUBULOTOUY, EVW TA
TETpAywva ivat umo-dladikaoieg.
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MéyeBog
Napabupou

Emonueiwan
(Brpa 1)

hreshold erukaAung
napablpwv
KOlL ETILONUELWGNC

AL WPLoUOG
OTLYULOTUTIWY OF
KaTnyopleg
(Brijpo 4)

Kavovikornoinon
debopévwv

(BAua 5)

ALaWPLOUOG
dedopévwy ya
eknaidevon kot

€AeyXO0 HOVIEAWV
(Brjpa 8)

Eknaibeuon poviEAwv
(Brjpa 9)

YrnoSelypatoAnyia n
Yriepdeypatonia
(Brpa 7)

Threshold emikaAvdng
Sadoykwy napabupwv

E€aywyn mopabupwy

Axou
(Brpa 2)

NARBog
TPONYOUPEVWY
napablpwv

E€aywyn
XQPOKTNPLOTIKWY
(BAua 3)

MAnBo¢g
S100TACEWV

Meiwon dlaotacswv
TOU XWPOU TWV
Sebopévwv

(Bripa 6)

‘EAEMXOZ MONTEAOY

(Bripa 10)

Ewova 16: Aladikaocia eknaidevong Kot a§loAdynong Tou cUCTHOTOG,.
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Kamowa Brpata pmopouv va mapaleldBolv (m.x. peiwon Siactdacewv). Etol pmopolpe va
Slakpivoupe tnv emidpacn mou €xouv otnv emnidoon Tou OUVOAKOU ocuotipatog. Emiong, to idlo
oVOTNUA UIMopEel va xpnotpomolnBel yla tnv avixveuon Kalt GAAWY CUYKEKPLUEVWV oUVOLOOBNUATWVY (TT.X.
Ayxog, xapa, AU, avti tou Bupou), apkel va umtapxouv KataAAnAa enonpelwpéva dedopuéva.

Onw¢ odaivetal kat otnv Ewova 16 oto oUOTNHO UTIAPXOUV TIEVTE TIOPAUETPOL OL OTOLEC
enefnyouvtal mapakatw. OL MapApETPOL ElVaL:

e To XpOVIKO HéyeBog Twv apabupwv.

e HemkaAun Stadoxkwv mapabupwv.

e To mocootd emkaAuPng petafld mapoabupou Kal EMIONUEIWONG TIOU TIPETEL va
Eenepaotel wote va BewpnBel OTL N cwotr katnyopia tou mapabupou eival ekeivn NG
EMIONUELWONC.

e To mANBog Twv MPonyoUUEVWY TTapaBUpwV TWV OMOLWV T XAPAKTNPLOTIKA TtpoatiBevtal
oTo SLAvVUoUO XOPAKTNPLOTIKWY TOU UTIO e€€taon mapabupou.

e To emBuunto mANBo¢ Twv SLACTACEWV TOU VEOU XWPOU OTNV TMEPIMTwon Melwong
Slaotdoewv (.. pe PCA).

H emonueiwon tou Bripatog 1 e€nynbnke oto kedalaio 3. Ta BApata 9 kat 10 mapouvotalovral
oto Kedalato 5 omou e€nyeital ektevwe n ekmaidbevon Kol 0 EAEYXOC TWV HOVIEAWV. 2TO UTIOAOLTIO TOU
napovtog kedpalaiov e€etalovral ta BApata 2 éwg kat 8.

4.2 E¥aywyn TtapadVpwv nxov (Briua 2)

H mpwtn MapApeTpog eival To PNKog (n xpovikn dtdpkela) tou mapabupou. H Seutepn ival to BRua
(step), To omolo opilel TNV AMOOTACN TOU TPWTOU MSsec VoG mapaBbUpou amo To MPWTO MSeC Tou
enopevou. Auéopelwvovtag To BApa Kal to PEyebog Tou mapabupou Umopel KATOLOG va 0pioeL TNV
eTukaAudn petafL twy Stadoxkwy mapabupwv Kat To Sldotnua HeTalL Toug. Xtnv Ewova 17 BAénoupue
SU0 evtedwg tuxaia mapabupa tou 1 sec To kabéva kal to Bripa mou ta xwpilel. Ta CUYKEKPLUEVA
napaBupa £xouv 0% emikaAuPn, adou To BrApa ou Ta XweLleL eival peyaAUTepo oo to peyebog Twv
mapaBUpwvV. ITa MEPAUATA HoG oploape pEyeBog mapabupou oo pe 1 sec kal Bripa oo pe 1 sec,
dnAadn 0% emikdAudn kat kaBoAou kevo petal Suo Stadoxikwv mapabupwv.
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Ewkova 17: Atadoxikd napdbupa Tou NXNTIKOU GHHATOG

4.3 E¥aywyn Xapaktnplotikwv (Brpa 3)

H efaywyr Twv XApaKTNPLOTIKWY £YWE XpnoLpomouwvtac to OpenSmile®[44], éva guéhikto Kot

YPAyopo epyaleio avolktol mnyaiou kwdlka (open source) yla TNV €€aywyrn XApOKTNPLOTIKWY NXOU,

VPAUUEVO amOKAELOTIKA o€ C++, TO omoio Asttoupyel oe dladopeg mAatdhopueg, onmwg Linux, Windows

kot MacOS.

Ta mAeovekTApaTa TNG Xpriong tou OpenSmile eivat:

X/
L X4

X/
°

Ynootnpilet tv avdayvwon kat tnv eyypadn Siwadopwv popdwv Sedopévwv Tmou
ouvnBwg xpnolpomolouvtal oto nedio tng £€opuéng Sedopévwy Kal TtNG HNXOVLIKNG
pnabnong (CSV, ARFF, k.ATL).

Xpnowomnotei to gnuplot?, mapéyovrag tn SuvaTdTNTO AMEKAVLONG TWV XOPAKTNPLOTIKWV
Tou e€ayovTal.

2xedov OAa ta evdlapeoa dedopéva mou dnuloupyouvtal Katd tn Sdtadikacia e€aywyng
TWV XOPAKTNPLOTIKWY UIMOoPoUV va armoBnKeuToUV 0€ apXELQ LA ATIELKOVLON N TIEPALTEPW
enetepyaoia.

Mmopei va xpnotpomnotnBei og mMOAAA AELTOUPYLIKA CUCTAHATA, OTIWC TIpoavadEPONKE.

To ouykekplUEvo epyalelo xpnolpomolel wg icodo éva apxeio configuration kot €va apyeio

AXOU yla va e€ayAayeL oo TOV NXO0 EKELVOL T XOPAKTNPLOTIKA TToU UTtoSeLkVUEL To configuration apyeio.

Xpnowomnowibnkav técoepa configuration files yia tnv e§aywyn Twv XopaKTnpLOTIKWV.

? http://www.audeering.com/research/opensmile
* http://www.gnuplot.info/
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Ta yapaktnplotikd mou efayovtal eival ta yapaktnplotikd MFCC (Mel Frequency Cepstral
Coefficents 1 MFCCs), mou eival kaBlepwpéva otnv avayvwplon opAiog, to TpEpoulo (jitter), n Adudn
(shimmer), paopatika kot cepstral (avtiotpodou GACUATOC) XAPAKTNPLOTIKA, N EVEPYELX TOU CNUATOG,
neplypadeic xapnAou emunédou (low-level descriptors f; LLDs) koL ocuvaptnolOKA XOPOAKTNPLOTIKA
(functionals) Twv MapaBupwv, OTWG APLOUNTIKOG LECOG, TUTILKN amokAlon K.d. To OpenSmile xwpilet to
onua ewodou oe Sladoxka mAaiowa (frames) otaBepou peyéBoug, OMOU TO MPWTO MS TOU €VOG
TMAQLOLOU aTEXEL QMO TO TPWTO MS TOU €EMOMEVOU TAaLoiou pa Sedopévn otabepry amootaocn
(frameStep), kal umoAoyilel yla kABs €va amo AUTA TA XAPOKTNPLOTIKA Ttou opilel To configuration.
Auti n dadikaoia yivetal yla dtadopeg TLWEG oTo péEyeBog Kat To Brpa Twv mMAaloiwv Kot wg €€0d0
TIAPAYOVTAL TO OTOTLOTIKA OTOLXELO TWV XAPAKTNPLOTIKWY (LEYLOTN TLUI, LECOG OPOC, TUTILKN ATIOKALON,
K.QL).

HxnTko ZAua

E€aywyn napabiupwv — nap.2 rap 3 rap.4 nap 5

E€aywyn Frames

Eaywyn
XOPOKTNPLOTIKWY
yla kaBe frame

ESaywyn

OTATLOTLKWY aTto Ta l0.04,7.45,45,27} {0.04,7.45,45,27} {0.04,7.45,45,27} {0.04,7.45,45 27} {004,745, 4527}
XOPAKTN PLUTLKd TWV xap. map. 1 Xap. map. 2 Xap.map. 3 xap. map. 4 xap. ap. 5
frames

Ewkova 18 : E§aywyr] XOpOaKTNPLOTIKWY 0TI TO NXNTIKO onua

¢ Ewkoveg 19-22 mapouotaloviol wg TOpaAAnAOypappa To apxeiot Kal ta evdlapeoa
XOPOAKTNPLOTIKA Ttou Ttapayovtal and to OpenSmile, evw w¢ akpég mapouaoialovtal ol Sladkaoieg Tou
TPOYPAUMOTOC TIOU TIG TAPAYOUV. X€ aUTH TNV €pyacia XpnoLLOTOLOUVTOL €LKOOLEEL GUVOALKA
Sladkaoieg tou OpenSmile. O Stadikaoieg avtég meplypddovtal avaAutikd oto BipAio [5].

1. 384 Xapaktnplotika (FS384 yia xapn ouvtopiog)
JUvoAo xopaktnplotikwy arnod to INTERSPEECH 2009 Emotion Challenge [7].
MéyeBog mAawciou (frameSize) = 0.0250
Amnootaon enopevou mAatoiou (frameStep) = 0.010
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XOpaKTNPLOTIKA Ttou e€ayovTal:
*» Evépyela

% Pitch

< MFCC

+* Frame functionals

WAV FILE

i

CWAVESOURCE

I‘

WAVE

CFRAMER

FRAMES MZCR MZCR

FRAMESPE

2
&
9
=1
E
=3
ful
=
B
=
b
@

CWINDOWER

WINFRAME b———/—CENER ENERGY COONTOURSMOOTHER

CTRANSFORMFFT

i

CDELTAREGRESSION

I‘

FFTC U

LLD_DE

CFFTMAGPHASE

CFUNCTICNALS
FFTMAG

I‘

-

SPECTRUM
FUNC
MSPEC1 MFCL- MFCC1
CARFFSINK
W
.ARFF FILE

CMELSPEC

I‘

i

Ewova 19: Aladikacia e§aywyng mpwIou GUVOAOU XOP AKTNPLOTIKWV

2. 988 Xapaktnplotika (FS988 yia xapn cuvtopiag)
Baolkd oUvoAo 988 XapaKTNPLOTIKWVY
MéyeBog mAatciou 1 (frameSize) = 0.040
Amnootaon enopevou mAatciou 1 (frameStep) = 0.010
MéyeBog mAawoiou 2 (frameSize) = 0.0250
Anootaon enopevou mAatciou (frameStep) 2 =0.010

XopaKTNPLOTIKA Ttou e€ayovtal:
% Evépyela

% Pitch

< MFCC

++ Frame functionals

Intensity

LSP (Line Spectral Pairs)

X/
°
X/
°
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WAV FILE

CWAVESOURCE

WAVE CFRAMER—{> FRAMES40 MINDOWER—{>= WIN40FRAMES RANSFORMFFT—{> FFTC40 FFTMAGPHASE: FFTMAGA40

CACF

CFRAMER CEPSTRUMA0
FRAMES ACF40 |<
CPITCHACF
CVECTORPREEMPHASIS

CINTENSITY i

FRAMESPE PITCH

CMICR

i

7

F%

CWINDOWER

WINFRAME INTENS COONTOURSMOOTHER

CTRANSFORMFFT

CDELTAREGRESSION
> MICR
FFTC v
LLD_DE
CFFTMAGPHASE

> LPC LSP [ LSP CFUNCTIONALS

=}
o
I3}

Ii

I‘

FFTMAG

I‘

CMELSPEC FUNC

MSPEC1 MFCC: MFCC1
CARFRINK

JARFF FILE

I
p

I‘

Ewova 20: Aladikacia e§aywyng SEUTEPOU GUVOAOU XOPOKTNPLOTIKWV

3. 1582 Xapaktnpiotika (FS1582 yia xapn ouvtopiag)
Baolopévo oto INTERSPEECH 2010 paralinguistic challenge [4].
MéyeBog mAaiwoiou 1 (frameSize) = 0.060
Andotaon enopevou mAatciou 1 (frameStep) = 0.010
MéyeBog mAawoiou 2 (frameSize) = 0.0250
Anootaon enmopevou mAatciou (frameStep) 2 = 0.010

X0paKTNPLOTIKA Ttou e€ayovTal:

X3

S

Evépyela

Pitch

MFCC

Frames functionals

X3

S

X/
L X4

X/
L X4

X3

S

Intensity
LSP (Line Spectral Pairs)
Jitter

/7
L X4

>

K/
S
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WAV FILE

CWAVESOURCE CWINDOWER

CFRAMER

CRITCHITTER

CFRAMER JITTER

FRAMES

CVECTORFREEMPHASI

WINAOFRAMES |—cmansomurr—={  FFTC40
il

CFFTMAGPHASE

Y
HPS CRITCHSHS—{=

PITCHSHS

CPITCHSMOGTHER

cmzer—=> MZCR

INTENSITY

FRAMESPE

CWINDOWER
V

WINFRAME

CTRANSFORMFFT
V

{>| INTENS

CSPECRESAMPLE

CLPC CILsP
o ouTeR |- e o 1sp |

CCONTO URSMOX

THER.

CFUNCTIONALS

CCONTOUR$MOOTHER FUNCONSETS

CDELTAREGRESSICN

Y
LLD2_DE FUNC2
= CFUNCTIONALS

CFFTMAGPHASE

= MSPEC1

CMELSPES
Y
FFTMAG
CVECTORCPERATION
CMELSFEC_~  MSPEC2 = MSPEC2ZLOG

CMFOC
= MFCC

CDELTAREGRESSION

=
CFUNCTIONALS

CARRFSINK

-ARFF FILE

Ewova 21: Atadikacia e§aywyng Tpitou cUVOAOU XapPOKTNPLOTIKWY

4. 6552 Xapaktnplotikd (FS6552 yLa xapn cuvtopiog)
To peyaAutepo cUVOAO arod Ta TECOEPQ.
MéyeBoc mAaioiou (frameSize) = 0.0250

Amnootaon enopevou mAatciou (frameStep) = 0.010

XopaKTNPLOTIKA Ttou e€ayovTal:
< Evépyela

Pitch

Frames functionals

L)

X/ X/
A XS X

>

% Spectral
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WAV FILE

i

CWAVESOURCE

I4

WAVE

CFRAMER

FRAMES MZCR: MZCR

CVECTORFREEMPHASIE

i

FRAMESPE

i

CWINDOWER

WINFRAME ENERGY- r ENERGY H COONTOURSMOOTHER

CTRANSFORMFFT

I

CDELTAREGRESSION

FFTC v

LLD_DE

I4

CFFTMAGPHASE

=1 CFUNCTIONALS

SPECTRUM
FFTMAG [
CME[SPEC PeCT SPECTRAL FUNC

MSPECL

1i

I-‘
I1

CARFFSINK

W
CMFCC
JARFF FILE

MFCC1

i

Ewova 22: Atadikaocio e§aywyr TETAPTOU GUVOAOU XOLPOAKTNPLOTLKWVY

4.4 ALY ®wPLoPOC GTLYMLOTUTIWV OE KaTNyoples (Bina 4)

MNa tov mpoobloplopd tng opbn¢ katnyoplomoinong twv mapabupwv (ground truth), edv éva
mapAaBupo EMKAAUTITETAL ATIO EVOL XELPWVAKTLKA EMLONUELWHEVO TUAMA OUALOG TTIOU EXEL (XELPWVOKTLKA)
emonueiwon Angry, Tote:

1. edv n (xpovikn) emkaAluyn eival peyalvtepn f on pe 50%, t0Te n cwot katnyopia Tou
napaBbupou eival Angry, aAALwWG

2. €av n emkaAuvPn eivatl pkpotepn amnod 50%, TOTe n owoth Katnyopia tou mapabupou sivat Not
Angry.

‘ Annotation : ANGRY ‘

Frukdhuin 0% ‘ ErukdAulin 30%

ErmkdAulin 80% ‘ FrukdAupn 0% ‘ ErukdAuin 0% ‘ ErukdAubin 0%

k. k. A4

Katnyopic NOT Katnyopia NOT . Katnyopia NOT Katnyopia NOT Katnyopia NOT
[ ANGRY J [ ANGRY j [K“T”‘“”"MNGRYJ [ ANGRY j [ ANGRY ] [ ANGRY ]

Ewkova 23: AtoywpLopog nopabipwyv o U0 Katnyopieg

Me evteAw¢ avTtioToL o Tpomo KabopileTal N cwaoTtr Katnyopia Twv mopabupwy oTnV MEPLTTWON
TIOU TIPOOTIAB0UE VO EVTOTIIOOUE ouvailoBnua yevika (mpwto emninedo emonpeiwong tng Ewkovag 11),
OTIOU Ol CWOTEC Katnyopieg elval Emotional i Not Emotional.

FEVIKOTEPQ, TO AOYLOMLKO TNG epyaciag pmopel va puBulotel (LEOw TMOPAUETPOU) WOTE va
XPNOLUOTIOLE(TAL OMOLodATIOTE TOCOOTO emKAAUYPNG, avti tou 50% mou avadEpbnke mapandavw. Ita
TEPANATA TNG Epyaoiag, OUwG, TO TOC00TO emkaAudng Atav 50% Kol oL CWOTEG KATnyopieg Atav
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Emotional kat Not Emotional (oto npwto emninedo enionueiwong tng Ewkovag 11) 1 Angry kot Not Angry
(oto &eltepo eninedo).

Téhog oplotnkav 3 nAwkiakéG opadeg (Ukpotepn twv 40 etwv, petafy 40 kot 60 eTwy,
peyaAutepn Twv 60 etwv). O cuyypadEag TN epyociag KATETOEE TOUC OUIANTEG OE AUTECG TLC KATNYOPLEG
akolyovtog T ¢wveG Toug. Mpogkuav £Tol SUO EMUTAEOV XAPAKTNPLOTIKA ylo KABe cuvophia: n
nAlkioc Tou umaAAnAou kot n nAlkia tou meAdtn. BEPala oe €va MPAYMOTIKO OUOTNUA QUTH N
mAnpodopia Ba £mpemne va e€ayetal autopata. Onwg ¢ailvetal OpwG and Ta MEWPAUATA, N NAKIO Twy
opANTWY Sev BEATLWVEL TIG ETUOOOELG TOU CUOTAUATOC.

4.5 Kavovikomoineom dedopévwv (Brjpa 5)

Ito otadlo NG Tpoetolpaciag Twv SeSOUEVWY, KOVOVIKOTIOIOOQMUE KABE T X; TOU
x;j —min(X)
max(X)—min(X)
xapaktnplotikwv oto didotnua [0,1] yia tig Tipég Tou . OL TpéG min kat max ekppalouv tnv eAdxLOTN

xapaktnpotikod X otnv Tl X = neplopiloviag £€tol T TWHEC OAwV Twv

KOl TN UEYLOTN QVTLOTOLXO TLUN YLOL OAEG TIG TIUEG Tou X ota Sedopéva ekmaldeuonG. ITn CUVEXELD yLa
KAOE TN X, ota Sedouéva eAéyxou UTIOAOYIOTNKE N AVTIOTOLKN TR X'k N OOl VLA TLG OPVNTLKEG TUUEG
oTpoyyulomolnOnke oto UNSEV Kal yLa TIG TLUEG TTOU ATAV LEYAAUTEPEG TOU €va OTPOYYUAOToLBnKe oto
éva. H kavovikomoinon xpeltaletal, yloti 1600 n peiwon twv SlaoTAcEwv oto BApa 6 600 Kal n
eknaibevon poviéAwv oto BApa 9 xpelalovtal koavovikomolnuéva debopéva, wote va pn Sivouv

HMEYAAUTEPN ONUACIOL OE XAPOKTNPLOTIKA TIOU OMAAQ €xouv HeyaAUTeEpa €0pn TLHWV. XTo HEAovV Ba
Xi—|
30

propovoav va Sokilaotouv kot AAAeg pEBodol kavovikomoinong (m.x., Bewpwvtag otL o X

akoAOUBEL KavoviKn Katavoun).

4.6 Melwom Tov Ywpov Siactacewv (Bjua 6)

MNa tn pelwon tou xwpou dlactdoswv xpnotponotndnke Avaluon Kuplwv Juviotwowv (PCA, BA.
Evotnta 2.3.1). To mARB60¢ Twv VEWV XOPAKTNPLOTIKWY (TOU VEOU XWpPOou) eTUAEYETAL OTIWG oTnVv Evotnta
2.3.1.7. Napouotaletal, Aoutdv, aKOUO HULa TIAPAUETPOC OTO CUOTNUA Mg, TTou kabopilel To MOcOoTO
Tou gufadol ¢ Ewkovag 3 (StaoBntikd to mocooto tng mAnpodopiag) mou Ba dtatnpnbel petd to
pHeTAOXNUOTIONO PCA.

4.7 YoderypatoAnPia 1) viepderypatoinpia (Bnua 7)

Mo va OVTLLETWTILOTEL TO TPOBANUA TNG OVLOOKATAVOUNG TWV OTLYULOTUTIWY OTLG KOTNYOPLES
(Evotnta 2.3), xpnowomnotifnke tuxaia unmodelypatoAnyia (RUS) i tuxaia unepdetypatoAnyia (RUS).
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Kornyopio 1

R Koom yopio 1
MAnBog 100 20 Tuyai
{=
Koom yopice 2 Koom yopio 2
MinBoc 40 Mingoc40

Ewova 24: YrodewypatoAnyia

Kata tnv tuxaia umepdetypatoAnyia (ROS), n koatnyopia pe ta Alyotepa OTLyULOTUTIA
oA\ amnAaclaotnke Tooe¢ Ppopég (mpootéBnkav avtiypada TwV OTLYULOTUNIWY TNG) 600 €ilval To TnAiko
¢ Slaipeong tou pey£Boug NG peyaAlTtepng Katnyoplag Ue Tto UEyeBOC tNG UIKpOTEPNG. Emelta
EMAEXONKAV Tuxaio amd TNV HELOVEKTIK Katnyopia TOCO OTLYULOTUTIO. OGO TO UTOAOLTO TNG
Tiponyoupevng Staipeong kat Suthactaotnkay (mpootébnkav maAL avtiypadad toug).

Kotnyoplo 1 Kotnyoplo 1
MARBoc 100 MARBoc 100
100 div 40 =2
100 mod 40 = 20
{=

. . . 0
Katnyoplo 2 Katnyopiot 2 | Ketnyopioe 2 | o
MAngoc 40 Mingoc40 Mingocdd | ™
W@

Ewkova 25: YrnepdetypatoAnyia

4.8 ALY wpLopndg 8edopévmy yla ekmaidevon kat €éAeyxo povtéAwyv (Brjpa 8)

MNa va ekmalbeVooUE Kal va a§LoAOYHOOULE TO cuoTtnua, Xwpilouue ta dedouéva oe dedouéva
eknaibevong (training) kat Sedopéva eAéyyou (test). O SlaxwpLopodg autog Eyve pe SUO TPOTOUG.

2tn mpwtn mepinmtwon, xwpilovpe ta dedopéva WOTE va PNV UTIAPXOUV OUIALEG Tou (SLou
oplAnT ota Oedopéva ekmaideuong kal eAéyxou (speaker-out). MapdAAnAa mpoomabolpe va
ETUTUXOUME TO 80% TWV OTYULOTUNIWV (mapaBUpwv) va Xpnolpomolouvtal yio ekmaidevon kat to 20%
yla €Aeyyo.

Eav opiooupe wg M 10 0UVOALKO TARB0C TwV SLaBeoiuwy OTLYULOTUTTWY, WC EMBUUNTO ARB0G
Twv otypotunwy eknaidbevongto T =L-M, L € (0,1), kot wg O; ta apxeio tou opAntr i, T6TE 000
T > 0, Bpiokoupe tov opthntr mou ehaytotorolel to ||0;| — T| kot mpooBétoupe ta apxsia tou ota
debopéva eknaidevong. Enetta adatpolpe 1o péyebog |0;| and to emBupunto peyebog T. Ooeg oplAieg
QTTOELVOUV XpNnoLpomoLlouvTal wg SeSopéva eAEyOU.

Mo TapAdeLya, AV EXOULLE TO TIOPAKATW OTOLXELQ YLA TOUG OUANTEG

Oupntng Ou.1 Oou.2 Oou.3 Ou.4 Ou.5 Ou.6 ou.7 Op.8 ou.9 Ou.10

MANRBog Opthtwy 2 14 25 2 3 12 7 1 2 9

Tawvopolpue og pBivouoa oelpd Tov mivaka
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OUANTAC Oou.3 Oop.2 Oow.6 | Ou.10 | Ou.7 Oow.5

Ou.1

Oou.4

ou.9

ow.7

MARBog O Llwy 25 14 12 9 7 3

Bpilokoupe to 80% ToU cUVOALKOU TTAB0oUG To omoio eival kal To péyeBog twv dedopévwy ekmaidevong:

77-0,8 = 61,6
BApa 1:
Octw T = 61,6

Ou\ntég ota dedopéva eknaibevonc: []

min(|0; — T|) = 36,6 kati = 3
BAua 2:
OétwT = 61,6 —25=36,6
OuANTEG ota Sedopéva ekmaideuong: [3]

min(|0; — T|) = 22,6 kati = 2
BAua 3:
O¢twT = 36,6 —14 = 22,6
Ou\ntéc ota dedopéva eknaibevonc: [3,2]

min(|0; — T|) = 10,6 kati = 6
BAua 4:
étwT =226 —-12=10,6
Ou\ntéc ota dedopéva eknaibevonc: [3,2,6]

min(|0; — T|) = 1,6 kati = 10
BAua 5:
OétwT =106-9=1,6
Ou\ntég ota dedopéva eknaidbevong : [3,2,6,10]

min(|0; — T|) = —04kari =1
Brua 6:
OctwT=16—-2=-0,4
Ou\ntéc ota dedopéva eknaibevonc: [3,2,6,10,1]

T=-04 ‘E€060¢
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Apa ota debopéva eknaibevong Ba tomoBeTnBoULY oL opANTES 1, 2, 3, 6, 10 evw ota dedopéva
eAéyxou oL ouIANTEG 4, 5, 7, 8, 9, dnAadn ta dedopéva eknaibevong Ba €xouv 62 apxeia (80,52% tou
OUVOALKOU TTIANB0ouG Twv apxeiwv) evw ta dedopéva eAéyyou 15 apxeia (19,48% tou cuvoAikoU TARBoug
Twv apxeiwv). Xapw ouvtopiag Ba avadepopaote otn mapanavw HEBodo wg LSSO (Leave Some
Speakers Out).

O 6eUTEPOC TPOTOC TTOU XPNoLUoToLeital yia va Staxwplooupe ta dedopéva eknaideuong anod ta
debopéva eAéyxou eival Lo popdrn dtaotavpwpévng emklpwong (cross-validation). Emavalappavel to
nelpopa tooeg Ppopé 60eC elval oL OANTEC. Z€ kKABe emavaAnn, Eexwpilel Ta apxeio pe TETOLO TPOTIO
WOTE TA OpXela povo evog oplAnth (Stadopetikol oe kGBe emavaAnyn) va XpnoLULOTOLOUVTOL WG
Sebopéva eléyyou kal ta Sedopéva OAwv Twv uTtoAoinmwv wg dedopéva eknaidsvong. Me autd tov
TpOmo OAa ta dedopéva XpnoLLomoLlouvTal TEAKA yla EAeyxo. Xaplv cuvtopiag Ba avadepduacte otn
pHEBoSo autn wg LOSO (Leave One Speaker Out).

Ma tv agloAoynon xpnoluomnowibnkav ot péBodol micro-averaging kal macro-averaging. Edv
opiooupe wg N tov aplBuo Twv SladopeTikwy OUANTWY Kal k; TOV aplOpo TwV OTLYULOTUTIWY EAEYXOU

TOU OMANTH I TOTE :

1
MacroAveraged Accuracy = N * Z Acc;

N
1
MicroAveraged Accuracy = SV & * ZACCL' * k;
=10
omou Acc; lval to mocootd opBotntag mou AapuBAvoupe xpnolomolwvtag wg dedopgva eAéyxou Ta

OTLYMLOTUTIAL TOU OANTA 1.
Opolwg pnopoupe va untodoyiocouvpe MacroAveraged Precision kaw MacroAveraged Recall.

2tox0o¢ €ival va dnuioupynBolv duo cuotipata ta onoia Ba Asttoupyoulyv eite exwplota eite
oxnuatilovrag dévipo anoddocwv (Ewova 26). To mpwto cuotnua Ba Eexwpilel Ta mapdbupa nxou ta
ormola mepléxouv cuvaioOnua kol to deutepo Ba eAéyxel Ta mapabupa Tou To MPWTO cuoTnua Bewpnoe
OTL tepLEXOUV ouvaiobnua kal Ba ta tafvopel og ekelva tou €xouv BUNO Kal ekeiva Tiou Sev €xouv.

ANIXNEYIH

IYNAIZGHMATOE A

ANIXMNEYIH
aYmMoy

[=]

Ewkova 26: AsvdpLlkOG cUVSUAOAE Ta§lVONTWY
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5. Mewpapata

5.1 Métpa eniSoong

Ma kaBe eva uTo e€€taon oTyOTUTIO X; KaL katnyopia K;, oL adyoplBpoL tou xpnoLomoLoupe
eruotpédouv pia bavotnta va avrhket to x; otnv K;. Opifovtag eva katwdAl otnv mbavotnta auth
(mpoemloyn) 0.5) pmopolpe va Bewpriooupe OtL €av n mBavotnta femepvael TO KATwoAL, TOTE
TPAYMOTL TO X; avrkel ot Kj. Me autd tov tpomo e€dyovtal mivakeg ovyxuong (confusion matrices),
oL omolol pag deixvouv To MANBOC TWV OTLYHLOTUTIWY TIOU KATATACOOVTOL OwoTd N AavBaouéva otnv
KaBe katnyopia.

Eav e€etacoupe pla katnyopia (m.x. Angry), umopoupe va opicoupe wg TP (true positives) ta
OTLYLLOTUTIA TIOU TO oUoTnUa Taflvopunce opbwg wg OTLYHLOTUTIA QUTAG TNG Katnyopiag, TN (true
negatives) Ta OTWYUOTUTIOL TTOU TO cUOTNUO Talvopnoe opbwg w¢ oTyuldtuna (omolaodnmote)
Sladpopetiknc katnyopiag, FP (false positives) Ta otlypotuna mou to cuotnua taflvounocs Aavbaouéva
W¢ OTLYULOTUTIAL aUTNCG TNG Katnyopiag, kat FN (false negatives) ta otypldtunma mou To oUOTNUO
Taglvounoe Aavbaouéva we otyuLlotuma (omolacdnmote) SLadopeTIKAG KaTnyoplag.

MmopoUpe TAéov va oplooupe ta pETpa emiboong: opBdétnta (accuracy), akpifela (precision),
avakAnon (recall). Na kaBe katnyopla, Ta pétpa autd opilovtal w¢ eENG:

TP+ TN

Accuracy: ————
TP+FP+TN+FN

Precision:
TP+FP

TP
Recall:
TP+FN

H opBotnta (accuracy) eivat o AOyo¢ TwvV OWOTWV amodpAcEwWV S0 TWV CUVOAIKWV amopacewv
katatoaéng otyplotunwy. H avakAnon (recall) pag deiyvel méoa and ta oTLyULOTUTIA TTIOU 0 aAyOpLOUOG
ETIPETE VO KATATALEL OTNV UTIO £€€Taon KOTnyopla Ta TOMOOETNOE MPAYUOTIKA OTnv UTO e€€taon
katnyopia. H akpifela (precision) pag deiyvel méoa amod TA OTLYULOTUTIOL TTIOU O AAyOPLOUOG KATETALE
oTNV UTO €€€TOION KATNYOPLO AVAKOUV TIPAYHOTLKA OTNV UTtO e€€TO0N Katnyopia.

Ma StadopeTIKEG TIUES TOU KatwdAiou Bavotntag, maipvou e (yia tov idto adyoplBuo kat tnv dla
katnyopia) Stadopetikd {evyn TLHWV avakAnong kat akpifetag. Anelkovilovtag autd ta {evyn o€ €va
Swaypappa pe opulovtio afova tnv avakAnon (recall) kot katakdépudo tnv akpifela (precision),
AapBavoupe €va daypappa avakAnonc-akpifeoag (BA. m.x. Ewkova 30 mapakdatw). Oco mo mavw
BpilokeTal n KAUmUAN pLag pebodou, Tooo kaAUtepn sival n uEbodog.
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5.2 AmoteAéopatTa

2TIC OTAAEG TWV TTAPAKATW TILVAKWY TIAPOUCLAIOVTOL CUVOTITIKA T KOAUTEPO ATOTEAECUATA YLa

TIC emAoyéC mou avadépovtal. Ta amoteAéopata eivatl aflohoya, Sedopévou OTL TPOKELTAL yla
TELPALLOTO TIOU EKTEAECTNKAV OE TIPAYHATIKA S€60UEVA. ZUVOALKA yLa TNV avayvwplon cuvalobnuatog
(yevika, oxL povo Bupoul) e€etaotnkav 96 mapallayEg Tou cuotiuatog. Ma tnv avayvwplon Bupou

géetdotnkav 288 mapaAlayeg,

ouvumoAoyilovtag Kal TA OCUCTAUOTA TIOU XPNOLUOTOOUV  Ta

XOPOAKTNPLOTIKA yla To pUAO Kat TNV nAkia. Ao 6Aa autd ta cuotrpata napouaotalovtal Ta 15 pe ta
KaAUtepa amoteAéopata. Q¢ «context» evvoeltal n emutAéov XpAON TwV XAPAKTNPLOTIKWY TOU
iponyoupevou mapabupou. Me éviova pavpa ypappata daivovtol ta KaAUTEPA CUOTAUOTO TIOU
TIPOKUTITOUV UEAETWVTIAG TIG KAMUMUAEG HABNONG Kal TG KAUTUAEG akpifelag-avakAnong. Mo tnv

avayvwplon tou Bupol emNéxBnke w¢ KAAUTEPO TO cUOTNUA TIOU Xpnotdomolel texviky LOSO yuartl

olLudwWVA PE AUTA TN TEXVLKA EAEyxovTal OAOL oL OUIANTEG Eexwplotd, Sivovtag e aUTO ToV TPOTO HLa

KON €KTINON yla TNV 0pBOTNTA TWV CUCTNHUATWV.

Y { Xopaktn- | Aloxwplopog Mei AAVE ,
?iﬂgzmtzz))\\gtl&/ PLOTLKA Train/test Atacfrl&uczsrzuv &V;g;il:zq Context | OpBotnta
RUS FS384 LSSO - SVM OxL 64,20%
RUS FS384 LSSO PCA SVM OxL 65,60%
RUS FS384 LSSO PCA SVM Nau 68,00%
RUS FS1582 LSSO - LR Oxt 64,40%
RUS FS1582 LSSO PCA LR Oxt 65,20%
Nivakag 1: AloteAéopata yLo TV avayvwpLlon cuvatcdnuorog
Y { Xopaktn- | AlaXwpLopOG Mei AV ,
rosemmeongia. | pod | Trintes | aaodocor | Mianone | COMX | 086t
RUS FS384 LSSO - LR Oxt 79,63%
RUS FS384 LSSO - SVM Oxt 79,63%
ROS FS384 LSSO - LR Oxt 82,74%
ROS FS384 LSSO - SVM Oxt 83,04%
RUS FS384 LOSO PCA LR Oxt 70,31%
RUS FS1582 LOSO PCA SVM OxL 68,47%
RUS FS6552 LOSO PCA LR Oxt 71,00%
Mivakag 2: AmoteAéopata yLa TV avayvwplon Bupol
Ynepéew;;aro)\mbta Xopaktn- | Alaxwplopog Meiwon AAyoplBpuog Context ErutAéov OpBoTNTa
Yrosewypotonibia PLOTIKA Train/test | Alaotaocswv | Mabnong XOPOKTNPLOTLKA
RUS FS384 LSSO PCA LR OxL OxL 75,93%
RUS FS384 LSSO PCA LR (o)1 ®dolo 75,93%
RUS FS384 LSSO PCA LR o Gulo Kat 62,96%
nA.opada
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Nivakag 3: AloteAéopata yLo TV avayvwplon Oupol pe mtpoodnkn xapaktnplotikwv ¢puAou Kat nA.opdadag

To PCA Og YEVIKEG YPOMMEG KAVEL TO TEALKO (EKTIALOEVUEVO) CLUOTNA YPNYOPOTEPO KAL HELWVEL
TG QMAULTAOELS UVAUNG. Emiong BeATlwvel 0 PEPIKEG TOUAAXLOTOV TMEPUTTWOELG (AAAA OxL Tavta) Tig
emub0oelg Tou ouothuatog (opBotnta, avakAnon, akpifewa, PBA. m)x. MNivaka 1). To ocuvolo
xapaktnplotikwv FS384 mpoodépel tn peyaAutepn opBotnta. TéAog, onwg daivetal otov Mivaka 1, n
MPOOBNKN XAPOKTNPLOTIKWY amod Ta mponyolueva mapdbupa nxou PBeATIWVEL TA ATOTEAECUATO TNG
avayvwplong cuvalodnpatog aAAd oxL Tnv avayvwplon Bupou.

Ta (ONUAVTIKOTEPA) TELPAUOTO TIOU €KTEAEOTNKAV 0T SLAPKELA TNG Epyaciag meplypdadovtal
OVOAUTIKOTEPA OTLC EMOUEVEG OeAIOEG. ApXLKA TTAPOUGCLAIOVTOL TO OTMOTEAECUATA TWV TPLWV KAAUTEPWVY
OUCTNUATWY Yl TNV avayvwplon ouvaloBnuatog. 2tn ouvéxela mapouctalovral ta €€l KaAutepa
ouoTAUATA yla avayvwplon Bupou (tpia ya tn péEBodo LSSO kal tpia yia tn pEBodo LOSO). Téhog
napouaotalovtal Tpla cuotipata Ta onola deixvouv T cUUPBOAN TWV XAPAKTNELOTIKWY Tou GUAOU Kal
NG NALKLAKAG opadac.

Ye kKaBe meipapa epapuolovpe kal ota Sedopéva eknaidevong katl ota dedopéva aflohoynong
tuxaia umodetypatoAnPia n umepdeypatoAnPia (RUS 3 ROS). Q¢ ocvotnua adetnpiag (baseline),
KOTOTAOOOUUE T OTLYULOTUTIO OE pia (tuxaia, mavta tnv idla) katnyopia. H opBotnta evog tEtolou
ouotnuatog eivat mavta 50%. Emewdry Ba Atav adlvato va meplypadouv OAa Ta SladopeTikd
ouoTAUaTa ou dnuloupynBnkav oto mAaiolo tng epyaciag, Oa avadpepBolv ekeiva mou mapouatalouv
Ta TLo alOAoya aMOTEAECOTO.

5.2.1 ATOTEALGPUATA GTNV AVAYVOPLOT) GUVALCONUATOC

JTO apyko pog meipapa (Zuotnua 1, Ewova 27) mpoomaboupe va Eexwplooupe Ta KOPUATLA
(mapaBupa) nxou mou mepLExouv cuvaiocbnua and ekeiva mou dev mepLEXOoUV. Xpnaolpomnowitnkayv ta
xapaktnplotikd FS384 (6nwg meplypddovtal otnv Evotnta 4.3) kat SVM pe ypaupikd mupnva. Ita
bdebouéva epapuootnke RUS.
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Ernotion 384 undersample
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Ewkova 27: KapmuAn pabnong Zuotriparog 1 (SVM, 384 xapaktnplotikd, urtodstypatoAnyia, LSSO)

To obotnua (ZVotnua 1, Ewkova 27) daivetal otn KOAUTEPN TWV MEPUTTWOEWY VA ETILTUYXAVEL
71,58 % opBotnta ota dedopéva eknaidbevuong. H kaumuAn tg opBotntag ota dedopéva eknaideuong
umnopel va Bewpnbel avw dpdypa yla tTnv KopmmvAn tng opbotntag ota dedopéva eAéyxou, adoul £vag
aAyoplBuog padnong ouvnbwg €xel KaAUTEPECG emibooelg ota dedopéva ekmaidbeuong Kal XELPOTEPEG
ota dedopéva eléyxou. MpooBEtovtag otypotuna ekmaidevong to ocvotnua Seixvel va pabaivel,
ETLTUYXAVOVTOG TEALKA opBotnTa 64,00% ota SeSopéva eEAEyOU.

Emation 384 undersample PCA
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Ewova 28: KaunuAn paénong Zuotiuatog 2 (SVM, 384 xapaKktnplotikd, untodetypatoAnyia, PCA, LSSO)

2Tn ouvéxela, eAéy§ape to 6o ocvotnua pe xprion PCA (Zuotnua 2, Ewkéva 28). H mapApuetpog
Tou PCA ntav 0.01, wote va anodaciosl o aAyoplOog mOoo XapOoKTNPLOTIKA VO KPOTr oL xavovtag 1%
nAnpodopia (BA. Evotnta 2.2). To PCA snéotpee 203 vEa XOPAKTNPLOTIKA TTIOU KOTOLOKEUACTNKOV OO
Ta apxika 384. Mapatnpeital OTL oto Ivotnua 2 ot U0 KAaUmMUAEG cuykAivouv sAadpd To ypriyopa
(LkpOTEPN UTep-edpapuoyr, over-fitting) kal umdpxel pia pkpry BeAtiwon otnv teAk opBotnta o€
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bdebouéva eléyxou (64,60%, avti 64,00% otnv Ewova 27). Onwg daivetar 3800 otiypotuna
ekmaidevong apkouv yla va ¢TAceL To oUOTNUO OE €va ONUELO KOPEOUOU, OToU TIPOCBETOVTAG VEQ
oTlypLoTtuTia ekmaidevong to cvotnua dev BeAtiwvetat. To avw $ppdypa tng opbotntag o dedopéva
eAéyxou (dnAadn n opBotnta ota Sedopéva ekmaibevong) eival 70,43 %.

Itn ouvéxela (Xvotnua 3), mpooBEoape o KAOE OTLYULOTUTIO KOL TO XOPOAKTNPELOTIKA TOU
T(PONYOULEVOU OTLyULOTUTIOU (8nA. TOU MPoNyoUUEVOU XPOVIKA Ttapabupou rxou) mpoomadbwvtag Ue
QUTO TOV TPOTIO VA SWOOUHE OTOV aAyOpLOBO yVWaon Kal yLa Tt mponyoUevn kataotaon. Me xprion PCA
(kat anwAela mMAnpodopiag maAL 1%) dnuovpynOnkav 403 XapPOKTNPLOTIKA AVIL TWV apXLKwV 768. Ita
Sebopéva epapudotnke RUS kal xpnowpomnow)Bnke SVM Ue ypOapULIKO TTUPHAVA YLOL TN KOTnyoplomoinon.
210 Zuotnua 3 (Etkova 29) ot U0 KaUMUAEG cuyKALvouV IO apyd amnd ta mponyoleva SU0 cuoTHUATA,
KATL TIoU €lval aVOUEVOUEVO adol UTIAPXOUV TIEPLOCOTEPO XOPOKTNPLOTIKA (KoL Apa UEYAAUTEPOG
Kivduvog umep-edappoyng). H opBotnta oe otiypotuna eAéyxou eival eAadpa peyaAltepn (Uéylotn
T 68,00%) ko To avw dppaypa tng eival mepimou 74,03%.

Emotion 354 undersample PCA with context
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Ewkova 29: KaunuAn paénong Zuotiuarog 3 (SVM, 384 xapaktnplotikd, urtodetypatoAnyia, PCA, kot context, LSSO)

Ztnv Ewova 30 mapoucotalovtol ol KAUTUAEG akpiBELOG-OVAKANCNG TWV TPLWV TIPONYOUUEVWV
ocuotnuatwy. Mapatnpeital otL To TVotnua 3 ivatl yevika kaAvtepo. H xprion PCA 8gv £XeL onuovTLKA
EMUMTWON. INUEWWVETOL OUWC OTL n xpnon PCA pewwvel to TANOBOC TwV XAPOKTNPLOTIKWY OPKETQA,
ETUTPEMOVTAC TNV TILO YPryopn TalvOpNon VEWV OTLYULOTUTIWV.
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Precision-Recall curve
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Ewkova 30: KapmuAn Akpifelag-AvakAnong Zuoctnpatwvl-3

210 Mopamavw oxApa daivetal OTL pLa KaAR MAOY Lo TNV avoayvwplon cuvalobnuatog sival
T0 Zvotnua 3, BEWPWVTOG WG CUVALOBNUATIKA TO OTLYULOTUTIO TIOU KATATAOOOVTOL OE QUTH TNV
Katnyopia pe mubavotnta peyoAltepn tou 0,4 koBwg o€ autoO TO onueio mopatnpeltal avakinon
80,40% kal akpifela 64,42%.

2Tn OUVEXELX €EETAOTNKAV TA XOPAKTNPLOTIKA FS1582 (Zuotnua 4). Ita MEPAPATO HE OUTA T
XOPOAKTNPLOTIKA 0 aAyoplOuog tnG Aoylotikn¢ MaAwvdpopnong mapnyaye KOAUTEPO AMOTEAECHUATA ATTO
ToVv aAyoplBpuo SVM. Emopévwe mopouotalovtal JOVO To CUYKEKPLUEVA ATTOTEAECHATA.

ApxLka e€etaletal To cuoTnUa ToU xpnotlpomnolel Aoylotikr) MaAwdpounon (Logistic Regression,
LR), adoU apxika €xel yivel umodetypatoAnyio RUS.

Anger 1582 Undersampling LR
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Ewkova 31: KapmuAn pabnong Zuotripatog 4 (Aoyotiki NaAwdpopunon, 1582 xapaktnplotikd, YrodetypatoAnyia , LSSO)
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To cUotnua 4 (Ewova 31) deixvel va pabaivel aAAd n amoéotacn Twv U0 KAUMUAWY TTOPAUEVEL
HEYAAN, HaPTUPWVTAG UTEP-edOpUOY Kal adrvovtag avolxto To evOEXOUEVO T ATOTEAEOUATA Va
BeAtiwBouv edv auénBouv ta Sedopéva ekmaidevong.

Emation 1582 features PCA LR
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Ewova 32: KapunvAn padnong Zuotipartog 5 (Aoytotikn MaAwvdpounon, 1582 yapaktnplotikd, untodstypatoAnyia, PCA, LSSO)

Enewta e€etaletal to d6lo cvotnua edv mapdAAnAa xpnotpomoleitat PCA (Zvotnua 5). To
ocvotnua (Ewova 32) deiyvel va pabaivel aAAd apketd apyd. H andotacn twv dU0 KaumuAwv eivat
Twpa  Ukpotepn (Ayotepn unep-edapuoyn). Xpewdlovial OpwG TAAL Teplocotepa  Sedopéva
ekmaideuong, WoTe ol KAUMUAEG va cuYKAivouv. H cUykplon twv SU0 apandvw cuoTnUATwyY daivetal
OTO TapPOKATW Staypappo avakAnonc-akpifeltag (Ewkova 33). H xprjon PCA BeAtiwvel eAdxiota TLG
emdooelg (amd 64,40% opbotnta ota dedouéva eknaidevong oto votnua 4 o 65,20% Ivotnua 5),
OAAG HELwVEL TO TARBOG TWV XAPAKTNPLOTIKWY oo 1582 og 627.

Precision-Recall curve
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Ewova 33: KapmnuAn Akpifelag - AvakAnong Zuctnpdtwy 4 Ko 5
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Ta cupmepdopata mou €€AyoVTal TOPATNPWVTAC TO TOPATIAVW OXNUA €lval OTL yla To cUVOAO
XopaktnploTikwy FS1582 pia koA emloyn yla TNV avayvwplon cuvaloBnuatog eivat to Zuotnua 5,
BewpwVTOC WC CUVOLOBNUATIKA TO OTLYULOTUTIA. TIOU KOTOTAOOOVIAL Of QUTA TNV Katnyopia uE
rmuBavotnta peyaAutepn tou 0.35 kabBwg oe auTo to onpelo mapatnpeital 84,40% avdakAnon katl 61,52%
akpiBela.

OAoKANPWVOVTAG TA TEPAMOTO Yl TV AVOyVWELoON TOU cuvalodrnuatog mapouctaletal n
KAUIUAN pabnong (Ewova 33) twv dUo KaAUutepwy cuoTnuatwy (Z0otnua 3 Ewova 29 kat Tuotnua 5
32).

Precision-Recall curve
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Ewkova 34: KapmuAn Akpifelag - AvakAnong Zuctnpatwy 3 Kot 5

To Zvotnua 3 ¢alvetal va EMITUYXAVEL KAAUTEPO TTOCOOTO aKpiBelag Kal avakAnonc. To cupmépacpa
TIOU TIPOKUTITEL €lval OTL yla TNV €KTIUNON NG UMapéng ouvaloBrnuato¢ oe mpodoplkd Sldloyo 1o
KaAUTEPO cUOTNUA OO eKElva TTOU SOKLMACAE €lval To ZUoTnua 3.

5.2.2 AmoteAéopaTa 6TV avayvmpLot) Bupov

5.2.2.1 AnoteAéouata us6oédov LSSO yia avayvapion Quuov

Jto emopeva Telpopa e€etaloupe tnv avayvwplon Bupou. AcxoloUpaote TAOAL pPE OAa Ta
napaBupa KoL OXL LOVO UE Oca eMECTPEPE N AvAyVWPLON CUVALCONUATWY, WOTE TO AVIIOTOLXO UTIO-
oluOTNUA Vo UNV €€apTATAL OO TNV avVAyVWPELoON cuvaloOnuatog, aAAd va Uopel va xpnotpomnolndsl
Kal avtovopa. Me Staxwplopd dedopévwy navra péow LSSO, mapouoialovtal t€ooepls péBodol mou
napoucotalouv afloonueiwta amoteAéopata. ApXLKA €EETACTNKOV TA XOPAKINPLOTIKA FS384, adou
npwta eTAEXONKaV oTlypotuna pe tn wEbodo RUS (Zuotnua 6, Ewkova 35). O alyoplBpog pabnong mou
xpnotuornownke ntav o LR.
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Anger 384 Undersampling LR
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Ewkova 35: KapmuAn padnong Zuotrpartog 6 (Aoylotikn MaAwdpounon, 384 xapaKTnpLloTikd, untodstypatoAnyia, LSSO)

To povtélo beixvel va pabBaivel péxpt ta 1200 otypiotuna ekmaibevong (Etkova 35) aAda
daivetal OtL MeEpLOcOTEPA OTLyULOTUTIA eKTtaiidevong Sev mpooBETouv mapandvw mAnpodopia. Autd
daivetal kat pe tn Sevtepn pEB0SO, omou oto blo cuotnua €ywve unepdelpatoAndio ROS yua va
g€etdooupe TL oupPaivel eav to MANB0C Twy apadelypatwy avéndel (Zuotnua 7, Ewova 6).
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Ewova 36: KapmuAn padnong Zuotruatog 7 (Aoylotikn MaAwdpounon, 384 xapaktnplotika, YrnepdetypatoAnyia, LSSO)

Ztnv Ewkéva 36 moapatnpeital OTL yla To cUotnua 7 To KAAUTEPO MOCOOTO 0pBATNTAC TTApPAYETAL
yta 2500 otwypotuna. Qaivetal emiong va dtatnpel auto o moocootd pexpL ta 10000 otiypotuna. Mo
OUTO TO AOYO GUUTEPALVOUE OTL TO HOVTEAO XpeLaletal mepimou 2500 oTypoTuUma.

JTn OUVEXEld OOKIUAOTNKE TO OUCTNMO HE TO XAPOKTNPLOTIKA FS384, ald twpa pe SVM
VPOAUULKOU TupAva Kot urtodetypatoAnyio RUS (Z0otnua 8).

Avayvdpion covoucOnudtev 6€ Tpoeopikd SdAoyo oeh.42



Anger 384 Undersampling SV
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Ewova 37: KapnuAn padnong Zuotrparog 8 (SVM, 384 xapoaktnplotikd, YnodstypatoAnyia, LSSO)

Onw¢ kat oto Zuotnua 6 (Ewkova 35) £€tol kat oto Zuotnua 8 (Ewova 37) mapatnpeitol otL
apkoUv 1200 otyplotuna eknaibeuong yla va $pTacoupe oTo avw ¢payua TS opboTNTAC OTLYULOTUTIWY
eAéyxou. AUt daivetal kal katd tnv unepdeypatoAndia ROS tou idlou cuotriuatog (Zvotnua 9,
Ewkova 38) kaBwg ol SU0 KAUMUAEG yLla epLoooTepa tapadeiypata eknaibevuong oxed0vV cUUMITTTOUV.
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Ewova 38: KaunuAn paénong Zuotipatog 9 (SVM, 384 xapaktnplotikd, YnepdetypatoAnyia, LSSO)

210 mapakdtw oxnua (Etkéva 39) dpaivovral ol KaUMUAEG avakAnong-akpiBelag Twv ZUoTNUATWY
6 koL 8, adou ekeiva deiyvouv mio umooyoueva. To cluoTnUa Tou xpnolgomnolet SVM (Zuotnua 8)
daivetal va €xel ehadpd kaAutepeg embOoel and To cvotnua mou xpnotpormolel LR. AAAG edv
anodaciocoupe va Katatafoupe otn Katnyopia Tou Bupoy TA OTLYULOTUTA YLO T OTtola To cUOoTNUO
emotpEdel mBavotnta peyaAutepn tou 0.35 to JUotnua 6 €xeL avakAnon 85,20% kot akpifeta 82,14%
EVW TO ZVoTnUa 8 €xeL avakAnon 77,78% kat akpifeta 84,00%.
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Precision-Recall curve
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Ewkova 39: KapmuAn Akpifelag - AvakAnong Zuctnpatwy 6 ko 8

Ta cuumepAopATA TIOU €EAYOVTOL TOPATNPWVTAC TO TAPATIAVW OXAMA €lval OTL pla KaAn
€MAoyn yla TNV avayvwplon Bupol (otnv mepintwon mou xpnodomnoteital LSSO) eival to Zvotnua 8
(Ewova 37) yiotl mapatnpeital OTL OTIC TIEPLOCOTEPEG TEPUTTWOELS N KAUTUAN TNG akpifelag —
avVAKANGONG yLa To cuoTnua 8 Eemepvael ekelvn Tou cuotiuatog 6 (Etkdva 35).

5.2.2.2 AmoteAéopuata us6odov LOSO yia avayvwpion Quuot

Me tn HEBobO LOSO efetalovtal twpa TPl CUCTAMOTO TIOU TO QATMOTEAECOUATA TOUG Elval
afloonueiwta. AviiBeta Pe Ta TTPONYOUUEVA TIEPAUATA, XPNOLULOTIOINONKE N TEXVLKA mMicro-averaging
(Evotnta 4.8) ota pétpa opBotnta, akpifela kal avakAnon, S10tL pe tn pHéEBodo LOSO to olotnua
ETOTPEPEL amoteAéopata yla OSladopetika Peyédn Oedopévwv eléyxou oTlg emavaAnPelg Tng
SlooTaupwUEVNG ETUKUPWONG KAl N micro-averaging texvik PBonBdael va amodobouv Bapn ota
anoteAéopata avaloya pe to TANB0o¢ Twv dedopévwy eAéyxou kaBe emavaAnyng. Na tn oclyKpLon Twv
cuoTnUATwy moapouctalovtal Ta Tpia KAAUTEPA cuoTAATA TToU TpoEkuPav Uotepa amod SOKLUES ot
XOPOKTNPLOTIKA, TN SetypatoAnia, tn Helwon Twv SLOTACEWVY Kal Toug alyopiBpoug pabnong.

ApxKa xpnolgomowtnkav ta xapaktnplotikd FS384 kal o aAyoplBuog LR. Zta dedouéva
edpapudotnke unodetypatoAnyia RUS kat o alyoptBuog PCA yia t pelwon twy dlaotdoswv (Zuotnua
10).
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LOS0 LogRey 334 undersample PCA
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Ewkova 40: KapmuAn pabnong Zuotrpartog 10 (Aoyiotikr) MaAwvdpounon, 384 xapaktnplotikda, PCA, YrodsiypatoAnyia, LOSO)

Mapatnpeitat 6t To Z0otnua 10 Sev unopel va Eemepaoel moté 1o ppdypa tou 81,81% yia tnv
opBotNTa TMOU OpLlETAL AMO TO QMOTEAECMO TOU OUCTAHATOG OTOV KOTNYOPLOTOLEL T OTLYLOTUTIA
eknaibevong. Oaivetal otL yla ta dedopéva eAéyxou n opBotnta eival 69,17% kot OTL TO cUOTNU
otapartdel va pabaivel ota 1700 otiyulotuma.

2Tn OUVEXEla €EETAOTNKE N MepiMTwon xpAong Twv xapoktnplotikwv FS1582 pe xprion SVM
adou mpwta £€ywve umodelypatoAnyia RUS ota Sedopéva. Mpwv tnv ekmaidsuvon Twv HOVIEAWV
ekteAéotnke PCA (Zuotnua 11).
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Ewova 41: KapmuAn udbnong Zuotruatog 11 (SVM, 1582 xapaktnplotikd, PCA, YriodstypatoAnyia, LOSO)

To ZUotnua 11 poBaivel mOAU apyd Kat apyel va cuykAivel. Evoexopévwg, BEBata, va Ta mryaLve
KaAUtepa amd to Zuotnua 10 av untipxov MePLocOTEPA OTLYLOTUTIA ekTtaibeuonc.
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Téhog mapouclaletal n mepimtwon OmMou  XpNnoldomolnbnke To HeyoAUTEPO GUVOAO
XOPAKTNPLOTIKWY FS6552. Onwg kat mpLv, ebappocOnke RUS kot PCA ota dedopéva evw o alyoplopog
TIOU XpnoLpomollOnke yla tn taflvopnon ivat o aAyoplbpog LR (Zuotnua 12).

LOSO LogReg B552 undersample PCA
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Ewkova 42: KapmuAn pabnong uotrpatog 12 (Aoyiotikn MaAwwdpopnon, 6552 xapaktnplotikd, PCA, YrodswypatoAnyia, LOSO)

To ocvotnua 12 daivetal otL dev pabaivel | pabaivel mMOAU apyd. Evéexouévwg va xpelaletal
ETAOY XOPOKTNPLOTIKWY TPV TNV Helwon Ttwv Olactdocewv pe PCA, wote va efapebolv
XOPAKTNPLOTLKA TIou tpocBETouv B6pufo oto cloTnuA.

M va CUYKPILVOUUE TO Ttapanmdavw cuotipata dSnuwoupynoape ypadikn napdotacn Akpifelac-
AvakAnong (Ewkova 43).
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Precision-Recall curve
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Ewkova 43: KapnuAn Akpifeiag-AvakAnong Zvotnpatwy 10, 11 ko 12

Onw¢ daivetal, ta Tpla cuotpata dev AMEXOUV OPKETA av Kol ¢alvetal va eival KaAUTEPO
EKELVO PE TA 6552 xapoKTnploTika (Zuotnua 12). Opwg amd amoPn Xxpovou eKTtéEAeonc, amd amoyn
UTTOAOYLOTIKNG LoXVOG, Kal av avaAoylotel Kaveig otL To Z0otnua 12 dev daivetal va ekmaldeveTal,
Uropel kaveig va emléEel To ouoTnua Le Ta 384 xapaktnplotikd (Zuotnua 10).

AtileL va onuewwBel emiong 6tL n pelwon Staotdoewv péow PCA yLa To GUVOAO XOPAKTNPLOTIKWY
FS384 enéotpede Eva POVO XOPAKTNPLOTIKO. AUTO onpaivel O0tL avakaAldpOnke €va XapaKTnPLOTIKO TO
omnolo umopel Kal HETpAcEL To Bupo otn cuvoplhia. To amotéleopa e€nyeital eVAoya, av okedTeL Kaveilg
OTL OTA. CUCTHHATA TIOU XpnoLpomnolouv tn néBodo Valence-Arousal to cuvaiocBnuoa tou Bupol oxedov
oupnintel pe tov afova tou Arousal. EMopévwe evOEXETAL TO XAPOKTNPLOTIKO TIOU EMLOTPEPETOL VOl
ekdppaleL to Arousal.

5.2.2.4 AmoteAéouata ue xapakTnploTIKa @UAov kal nAtkiag otnv avayvwpion Buuov

Jta teAevtala Tpla mewpapata mou nmapouvctalovral estaletal n cuvelohopd NG yvwong Tou
dUAOU KoL TNC NALKLOKAG ORASAC TWV OUIANTWY OTnV avayvwplon Bupol. To cuotnua mou efetalstal
Xpnolpormolel Ta xapaktnplotikd FS384 pe Aoylotiki maAwvdpounon kot peiwon Staoctdoswv pe PCA,
evw ota dedopéva epapudodnke RUS (Zuotnua 13).
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Anger 384 Undersampling PCA LR
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Ewova 44: KapmuAn padnong Zuotipatog 13 (Aoylotikn MaAwdpounon, 384 xapaktnplotikd, PCA, YrodewypatoAnyia, LSSO)
Apxlkad mapouolaletal n ouvelodopd tnG mMAnpodopiag yia to ¢uAo (votnua 14). Ita 384

XOPOAKTNPLOTLIKA TtPOoTEDNKAV SUO XAPAKTNPLOTIKA TIou ekdPpAalouv To pUAO TwV OLANTWV.

Anger 384 Undersampling PCA LR with gender
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Ewkova 45: KaprmoAn paénong Zuoctipoarog 14 (Aoyiotikn MaAwdpopnon, 384 xapakinplotikd, PCA, YrodeypatoAnyia, LSSO, pe ¢pUAo)

To obotnua daivetal va pabaivel kat n kapmUuAeg cuykAivouv oto 75,93% opBotnta. Qaivetal
OTL apkoUv 2000 oTypldtuTta eKTAiOELONG ylo TO CUYKEKPLUEVO HOVTEAO. Emelta mopouolaletal n
ouvelodopad NG mAnpodopiag tou dpuAou aAAd kat TnG NAKLAKAG opadag (Zuotnua 15). Mall pe ta
XOPOKTNPLOTIKA TOU GUAOU TWV OUIANTWV TIPOOTEBNKAV aKOpA SU0 TIou UTIOSEIKVUOUV TNV NALKLOKN
opada Twv opANTWV.
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Anger 384 Undersampling PCA LR with gender and age group
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Ewova 46: KapmuAn padnong Zuotipatog 15 (Aoy. NaAwdpouncn, 384 xap., PCA, YrodelypatoAnyia, LSSO, pe ¢pUAo kat nA.opada)

MNapatnpeitat 6tL To TeAeutaio cvotnua dev pabaivel. H mAnpodopia yia tTnv nAtkiakny opada
npooBEtel B6puBo oTO cuoTnUa, eMOUEVWE Xpelaletal va efalpeBel. Na va ouykplBouv ta Tpia
ovotnuata dnuoupyndnke ypadpnua Akpifelag- AvakAnong.

Precision-Recall curve

I I I
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Ewkova 47: KapnuAn AkpiBetag-AvakAnong Zuotnpdtwy 13, 14 ko 15

Mapatnpeitat 6tL To cuotnua BeATIWVETAL LE Xprion TG mMAnpodopiag Tou GpUAOU TwV ORANTWV.
H xprnon autic tng mAnpodopiag PéBata mpolmoBétel tnv UMapén KAMOLOU GCUCTAUOTOC TOU
ETUONUELWVEL TO GUAO TWV OUIANTWY XPNOLLOTIOLWVTAC TN dwvh. ATO TIC KAUTTUAEC HABnonG TPOKUTITEL
OTL TO OUOTNHO CUYKALVEL TILO Ypryopa Xwplc Tn xprnon Twv mAnpodoplwyv auvtwv. Onote unapyxouv Vo
EVOANOKTLKEG €TAOYEG. H mpwtn €lval va pnv xpnowuomnotjoou e mAnpodopia yia to ¢ulo, To omoio
odnyel oe 81,48% avakAnon kat 84,62% akpifela, KOATOTAGCOVIAG OTNV KATNYOPLOl TWV OTLYLOTUTIWY
TIOU TEPLEXOUV OUPO TA OTLYULOTUTIAL Yl TO omoila To cUoTnpa TopPAyeL ektipnon mbavotntog
peyalutepn tou 0,35. H Seltepn mpolmoBEtel tn xprnon tng mAnpodopiag ywo to dUAo (site pe
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XEPWVOKTLKA €mionueiwon eite pe évav taflvounti mou Ba mpooBETel OUWG odAANA). Z€ Eva TETOLO
o0OTNUA €AV KATATASOURE OTNV KATNYOPLol TWV OTLYULOTUTIWY TIOU TIEPLEXOUV BUMO Ta OTLYULOTUTIA YL
TO omolia To cuoTNUA TapAyeL ektipnon mBavotntag Bupou peyaAutepn tou 0,35 tote £xoupe 88,89%
avakAnon kot 82,76% akpiBela.
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6. ZUUTIEPAC AT KAL LEAAOVTIKT £pEVVA

6.1 Tuumepaopata

Ta mpoPAnuata mou peAeTnOnKkav otnv gpyacia eivat dvo: (i) N avayvwplon TUNUATWY AXOU
plog tnAedwvikng cuvoulAiag to omola TMepLEYouv ocuvaloOnuatikd doptio kat (i) n avayvwplon
TUNUATWY AXOU TOU TEPLEXOUV Bupod. Anuwoupynbnkav Kal €EETAOTNKAV CUOTAUATA TA Omoia
Xpnotpomnololv o péBodo kuAldpevou «mapabupou» yla va e€dyouv SLavUoUOTO XOPAKTNPLOTIKWY
(feature vectors) amo pikpad Stadoxika tunuata («mapdbupa») evog Sladdyou. XpnowuomolBnke to
epyadeio OpenSmile yia TNV €€aywyn TwV XOPAKTNPLOTIKWY, EVW YLa TN HElWoN Twv SLAOTACEWV TOU
Sdltavuopatikol xwpou xpnotporowidnke PCA. Télog xpnotpomolndnkav ol aAyoplBuotl pabnong tng
Noylotikng MaAwvdpounong kat Twv Mnxovwv Alavuopdtwyv Ymootnplng yla tnv Katataén twv
napaBUpwV o KOTNYOpPLEC.

Eva mpoPAnua mou mpoékude elval to UIKPpO TANBog mapadelypdtwyv (mapabipwv)
eknaibevong. Kamowot alyoplBuol pabnong 6ev eixav to amattovpevo TARBo¢ mapadelypdtwy
ekmaibevong, HE AMOTEAECUA VA €XOUV TTEPLBWPLO yLol KAAUTEPQ amMOTEAECUATA EAV TIPOCOECOUUE VEQ
napadeiypara. Xpetaletal Aoutdy va enonuelwBouv kat va tpooteBolv véa mapadeiypata.

Eva akopn B€pa umd oulntnon amoteAoUV oL MEVIE MOPAETPOL TOU CUCTAHATOG: TO HEyeOOG
Tou mapabupou oe msec, n emkaAvPn Stadoxikwv TapabUPwWV, TO TMOCOOTO EMIKAAULYNG UE Hia
XELPWVOKTIKA €mionpeiwon to omoio mpénel va Eemepdoel €va mapdbupo yla va emonuelwBel
avtiotolya, To MANB0Gg Twv ponyoUHeEVWV Mapabupwyv ou Aappavovtal utoPn KoTa TNV KaTatoén tou
TpE€Xovtog mapabupou, to MANROOG Twv SLACTACEWY TOU VEOU XWPOU OToV omoilo amewkovilovral ta
Slaviopata xapaktneLoTkwy péow PCA. Xpeldaletat Aoutov va puBULOTOUV OL TTOPAUETPOL OLUTEG, WOTE
va BeATIwOoUV eVOEXOUEVWCE TA AMOTEAECLOTA.

Ma tnv avayvwplon cuvalodnuatog (mpofAnua i), To kaAUtepo amotéAeopa mponABe amnd to
Jvotnua 3 (Evotnta 5.2.1) To omoio xpnoluomnolel 768 xapakTnpLloTkd (armo To utd e€€taon mapabupo
KOl TO T(POoNyoUUEVO Tou) Kal mepAapfdavouv tnv evépyela, to pitch, ta yapaktnplotikd MFCC kat
ouvaptnolaka xopaktnpotikd (functionals) twv mapaBupwv. Xpnowormotei PCA yw peiwon
Slootdoswv Kal umodelypatoAndia yla TNV OVILUETWITILON TNG AVIOOKATAVOWNG. TEAOC XpnOLUOTOLEL
SVM € ypOpULKO TTuprva yla Ta€lvopnon Twv oTyoTunwy. Katatdooovtag wg Oetika (Bewpwvtag otL
MEPLEXOUV ouvaioBnua) ta mapdbupa Tou Katatdooovtal otn Oetikr katnyopla e ektipnon
rubavotntag peyaAvtepn tou 0.4, AapBdavoupe avakAnon 80,40% kat akpifeia 64,42%.

Ma tnv avayvwplon Bupou (mpoPAnua ii), To kaAutepo amotéAeopa ponABe anod to Iuotnua 10
(Evotnta 5.2.3) to omoio xpnotuormnolel 384 xapakTnpLOTIKA (oo to uttd e€€taon mapdbupo povo) Kal
neptAapBavouv tnv evépyela, to pitch, tTa MFCCs Kal cuvopTNOLOKA XOPAKTNPLOTIKA TwV Tapadupwv.
Xpnowporotet PCA yia peiwon Swaotdoswv kKot umodslypatoAnia ywa TNV QVILUETWIILON TNG
QVLOOKOTAVOUNG. TEAOG xpnotpormolel Aoylotikr) MaAwvdpounon yo Taflvounon TwV OTLYULOTUTIWV.
Katatdooovtag wg Betika (pe Bupod) ta mopdbBupa TOU KATATACOoOVTAL OTn O€TIK Katnyopio pE
ektipnon nmbavotntag peyaAutepn tou 0.35, Aapfdavoupe avakAnon 77,89% kat akpifela 62,13%.
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6.2 MeAdovtikn 'Epsuva

Katd tn XepwVaKTIK emonueiwon Twv SeSopévwy, TAPATNPNOAUE OTL O ETUONUELWTAG S&v
elval mavta BEBalog yia TNV opbn emonueiwon (m.x. av éva TUAUA AXOU TIEPLEXEL N OXL cuvaiocdnua n
eldIkOTEPA BupO). Zuxva n amoyr Tou yla To MOTE éva apABUPO TIPETEL I} OXL VAL ETULONUELWVETOL WG
napadBupo cuvalobriuatog [ Bupol eldikotepa aAAAEL KABWG AKOUEL VEQ TUAUATA AXOU KOL VEEG
OUVOUIALEG KOl auTd To Béua xpeldaletal va SlepeuvnBel mepaltépw (M. METpwvTAg TN cupdwvia
HETAEL KPLTWV Kal 8lvovtdg toug odnyieg mou va kaBodnyouv tnv enonueiwaon).

Eniong, €dv 0 €MONUELWTAG EMIONUELWVEL CUVOUIAIEG 0 YAwooa Tou kKataAaBaivel (0w n UNTPLKA
TOU) aKoUOLO XPNOLUOTIOLEL KOl TO VONUa TwV Aeyopévwy. Eival emopévwg «adlko» va eknatdevovral
oAyoplOuoL pe Xprion HOVO OKOUOTIKWV XOPOKTNPLOTIKWY. Xpeldaletal va efetacBouv kal AAAQ, Un
OKOUOTIKA XOPOKTNPLOTIKA, Yl apddetypa AsEiKoAoyIKA, aAAd eVOEXOUEVWCE KOl OTTIKA (T.X. oo TO
POOWTIO N TIG XELpOoVouieg), kateuBuvaon mou n BiBAoypadia Seixvel mwg ivat yoviun (Min Lee et al.,
[17]). M va yivel Ae€ikoloyikn emefepyaoia, amalteital enefepyoaoia twv SeSopévwv woTe va
adalpebel 0 BOpuPBoG, va SlaxwploToUV TO NXNTIKA CAUATA TWV OMIANTWV Kal vo YIVEL EMITUXAG
avayvwplon optAiag (speech recognition).
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