Yuusepsurer y beorpany
Enexrporexunuku daxynrer

HACTABHO-HAYYHOM BERY

IIpeamer: Pedepat o ypaljeroj noxropekoj aucepranuju kanauaara Xesska Henesbkosnha,

Omykom Hacrasro-nayunor seha Enexrporexuuuxor dakyntera 6p. 5003/13-3 ox 14.10.2020.
FOIMHE, MMEHOBAHM CMO 3a unaxHose Kommcnje 3a nperiies, oleHy H 0AOpaHY AOKTOPCKE
ancepraunje kanaunara XKemka Heneswkosiha nop nacnosom "OnTumMuzaumja cucrema 3a
ayTOMaTCKO NPEenosHaBame ropopHux emounja”. locne npernepa pocrasssere Juceprauuje n
Apyrux nparehux marepujana u pasrosopa ca Kananaarom, Komucnja je caunnuna cneaehn

PEDEPAT
1. YBOJ

1.1. Xpononoruja on00paBaiba 1 y3paje gucepraimje

Kanpupar JXemwko Henesmxosuh je 23.01.2020. rogune npnjasno Temy 3a M3pafy AOKTOPCKE
Aucepranuje noa HasupoM ,,ONTHMM3ALMjA CHCTEMA 33 ayTOMATCKO MPENO3HABAME TOBOPHHX
emonuja‘.

Komucenja sa crymuje tpeher crenena pasmorpuna je 03.03.2020. roamne npeanor Teme 3a
M3paay AOKTOpCKe ancepranmje W npeantor Komucuje o oluenn noobHOCTH TEME 1 KAHAWAATA H
ynyrina HacragHo-nayunom sehy Enexrporexunuxor (akynrera Ha ycBajame.

Hacrasho-nayuno sehe Enextporexnuukor dakynrera je Ha cBojoj cemHuin on 10.03.2020,
roauue, omrykom Op. 5003/13-1, nmenosano KomHCHjy 3a OLEHY yCcIOBa M MPHXBATAE TEME
JOKTOPCKE AMcepTaluje y cactaBy Ap Anexcannpa Mapjanosuli, gouent (YHusepsuter y
beorpany — Enexrporexuntkn daxynrer), ap 3opan [epih, peaosun npodecop (Yuupepsurer y
Huwry — Enextponckn daxynrer), ap Tarjana Jlyrosau, penosrn npodecop (YHusepsurer y
beorpany — Enexrporexnuuxy daxynrer) w ap JAparana Ulymapan Tlasnosuh, pegoxn
npoecop, (Yuusepsuter y beorpany — Enexrporexuuuin dakynrer),

Hawna 28.05.2020. rogune KaHIAMAAT je 1107ara0 jaBHY ycMeHy oAGpaHy TeMme Mpej HaBeACHOM
Komucnjom 1 nobno 3anoBosbasajyhy oueny,

Hacrasno-nayuno selie Enexrporexnuuxor daxynrera je Ha cexuuuy oa 23.06.2020. roguue
yesojuio Mssewraj Komucnje 3a oleHy ycmoBa i IIpHXBAaTame TeMe JA0KTOPCKE AHcepTailije
(Opsyxa 6p. 5003/13-2).

Behe nayunux obmacti TexHuukmx Hayka YHuBepsuteTa y Beorpamy Aano je carnacHocT Ha
npeasor Teme J0KTopeKe aucepraunje (6poj 61206-2109/2-20 ox 06.07.2020. rosune).

Hana 01.09.2020. ronnne kanauAaT je npeaao A0KTOPCKY AMCEPTALM]Y Ha TIperes u OLIEHY.




Hana 06.10.2020. rogmue Komucuja 3a cryauje tpeher crencua rnoTBpAHia jC HCIYHEHOCT
noOTpedHHX YCaoBa 3a NOAHOWEKC npcanora Hacrasho-nayurom sely Enexrporexnuykor
daxyarera 3a hopMupame KomucHje 3a npersies i olleHy JOKTOpPCKe AHcepTaliuje.

Ha cBojoj cepunun on 14.10.2020. roaune Hacrasno-Hayuno sehe daxynrera MMeHOBAAO je
KommcHjy 3a nperyieq v olieny JOKTOpPCKe AncepTaumje y cacray Jip Kemwio DByposul, penosun
npodecop (Yuupepsurer y beorpany — Enexrporexuuuxu ¢akynter), Ap AnekcaHjpa
MapjaHosuf, aoueHt (YHusepsuter y beorpaay — Enexrporexnuuxu qakynrer), ap 3opau
[Tepuh, perorun mpodecop (Yuusepsurer y Huiny — Enexrponckn dakynrer) u ap Jparana
[Hymapaw [asnosuh, penosun npodecop (Yuusepsznter y beorpaay — EnekTporexHHYKH
(axynrer) (6poj omnyke 5003/13-3).

Ha ocnoBy unana 101. Craryra Yuusepsurera y beorpany, unana 74. Cratyra YHHBEp3uTeTa Yy
Beorpany-EnextporexHuukor Qaxynrtera i 3axXTeBa CTYAEHTa, 0100PEHO je NPOLYKehe poKa 3a
3aBPUICTAK CTYAM]ja JI0 UCTeKa TPOCTPYKOT Opoja WIKOMCKHX TOJIMHA NOTPCOHMX 3a peanusaimjy
YIHCAHOT CTY/AHjCKOT Mporpama,

1.2, Hayuua obnact aucepraunje

Hoxtopcka aucepraunja JKemka Henmersxosuha mox HacioBom ,,OnTHMH3anMja cuCTEMa 33
ayTOMAaTCKO IPENO3HABAlBEe TOBOPHHUX eMOLMja’ nmpunalia HayuHoj oOJacTH eneKTPOTEXHHKE W
pauyHapcTBO, a y’Koj HayuHoj obGnactn O6pana cHrHana M yrpaBbambe CHCTEMHMA, 3a KOjy je
MatHdan Enextporexuuuxu daxyarer Yuunsepsnrera y beorpany.

MenTop noxtopcke amcepraunje je ap Kemko Byposuh, peaosuu npodecop EnexrporexHudror
daxyntera YHuepsurera y beorpany. [Ipod. ap Xemwko Dyposuh ce ayrn Huz roguna 6asu
HaYYHOUCTPAXKUBAUKMM pajgoM y obnactu o0paae curHaga, CTOXACTHYKHX CHCTEMd H
ecTHMaUyje Kao M IPHUMEHE pasfIMUMTHX TCXHUKA BELITAYKE HHTEIMreHlnje, WTo je
JNOKYMCHTOBAHO PCJICBAHTHUM HAYUHHMM PaJOBMMA KOJH CY HABEACHH NPHIMKOM TpHjaBe TEMe
JIOKTOPCKE JINCepTallije KaHauaaTa,

1.3. buorpadckr nogali 0 KAHAHAATY

Kemxo b. Henmemxosuh je pofjen 10.06.1988. rogumue y Yxuny. [vMMHa3ujy je 3aBpiuno ca
OMVIMYHUM ycriexoM. EnektpoTexHuukH (axynrer YHusepautera y beorpany je yrucao 2007.
roanHe, Junnomupao je Ha moayay Curwanm u cucremu 2011, roante ca yKyrnHoM rpoceyHom
oueHoM 9,5. Macrep cryauje Ha Enexrporexuuuxom daxynrery Ynusepsurera y beorpany je
yrmcao 2011, roamue da wmoayny Curnamv u cucremu. Macgrep cryamje je 3aBpuino ca
npoceurom ouenom 10,0. lokropeke etyanje na Enekrporexumnukom Qakynrery YHHUBep3HTeTa
y beorpany je ynucao 2013. romune Ha cMmepy YrpaBibambe npotiecima W obpana curuaia,
[Tonoxuo je cee ucnure ca npocedHoMm ouexHom 10,0. YV toxy 2011. roante je npoBeo wiect
MECELH HA CTPY4YHOj Npakc y GHPMH ,,YHHT HEXKemepHHr GaBelin ce pasBojeM HAMEHCKHX
pauyHapckux cucrema, Ox 2011, rommne je panHo anraxkosaH y XE Bajuna Bamra® Ha
focinoBuMa peryiauuje, ynpasibawa 1 CKAJIA cucrema, TpeHyTHO je HA TIO3WIKJW TIABHOT
HHIKEHEPA 32 CHCTEM YIPas/baiba i TEICKOMYHHKALH]e,

ObGniacT  MCTpaxHBatba  KaBAMAATA  YKibydyje oOpajy CHrHana, npenosHaBarbe oOHKa,
MOJEJIOBAME M MHACHTH(HKALM]Y CHCTEMA, a yKa 00JIaCT MCTPAKHBAYKOT HHTEPECOBAIbA jeCTe
KapaKTepu3auuja rOBOPHOI CHIHAAA M KNacn(pUKaLHOHK anropuT™H, Y caMoM (hOKYCY HeroBor




pajga ce Hanaze npobiemMH BesaHd 3a [MPEMO3HABAMKE €MOUMja M3 TOBOPHOI CHIHAJA,
MHAGHTH(HKALHM]y TOBOPHHKA M TIPENO3HABARkE roBopa, MCTpamnBauKuM pajJoM KanauaaTa je
pykosoauo npodecop ap Kemxo Hyposuh. Jlocagammy pesynrary ¢y MprKasaHu Kpo3 JBa paja
y Mel)yHaposHum qaconucHma, MeT pajosa Ha Melynapo/nim KoH(epenjamMa u jeaan pai Ha
HALHOHAJIHO] KOH(DEPEHLH]H,

2, ONNUC JUCEPTALINJE

2.1. Cagpyxaj auceprauuie

Jloxtopcka mucepraunja kananiara OKesbka Hepembkosiha nop nacnosom ,Ontumusaimja
CHCTEMa 34 ayroMaTCKO NpEero3HaBarbe rOBOPHUX emouMja™ je Hanucama Ha 101 crpadu.
Opranusosana je y ocam roryasmsa 1 canpku 30 ciuka u 15 Tabena. Hanosw mornasssa cy:
Yeoa, oop n emoumje, OGenexija ropopHor curhana, TexHumke kiacHukaumje, AHanusa
CHCTeMa 3a Tpello3HaBaibe emolija y roBopy, ONTHMH3ALMja CHCTEMA 3a IPENO3HABAC
eMolHja y roBopy, 3aksby4ak W JluTeparypa. Y HacTaBKy AHCEPTalHMje je NpHKa3aHa KpaTka
ouorpaduja KaHAKATA, W Ha Kpajy ce Hajase NPHIO3H. Y [as/beM TEKCTY J& W3JI0XKEH KpaTak
caapikaj nojeauHx mornaBmba.

2.2. Kparax npukas nojeArHadHux noriasba

Jokropcka ancepraunja xananaara XKesbxa Henesmkosruha cacToju ce of yBOAHOI MOMNIAB/bA,
TPH mperjie/Ha MOraBsba, 3aTHM JIBA MCTpaXuBadka Morjassba, npahena sakpydnnma n
MperneaoM Jureparype.

YV ysomnoj rnasn kanampat JKemko Heaemrkosih rosopr 0 akTyesHocTH W CHOXKECHOCTH
npofsemMa ayToMaTCKOr [PEro3HaBakba €MOLMOHANIHMX CTaka roBOpHHKA. Hewsocrasuu neo
BELITAUKE HMHTENHTEHIMj€ jecTe eMOLHOHAIHA HHTeJHIeHLja, ¢ 003HPOM Ja MpeAcTaBJba
CYIITHHY HAjBHIUEr CTYMHa HHTEAMreHuuje. EMonuoHanHa MHTENMIEHLMja [OUMBA  HAa
MOY3AHOM TIPENO3HABAILY CMOLMOHAIHUX CTala, [AC CE Kao Haj3Ha4dajHHjH  H3BOP
eMOLUHOHAIHNX HH(pOPMalHja H3IBaja MapaMHIBUCTHUKY caapikaj rosopa. Cajaiimbi HHUBO
Hay4YHHX A0CTHPHYRa ce MOXe MOXBANWTH BEJIMKHMM [OMaLMMa Ha T0JbY ayTOMarcKkor
npenoznapara eMourja H3 rosopa. [ocmarpajyhin XpoHoJolKn pa3soj HayyHe MHCIH Y OBOj
000acTH, TOUEB O MPBHX CKCHEpPHMENaTa y MpouwioM BeKy, 1a c¢se [0 aaHac, moryhe je
CTBOPWTH JACHY CJIMKY O TCXHOJOLIKOM Pa3BOjy., ajih HCCYyMILHBO ce namele Mucao aa W jaaswe
nocToju mpoctop 3a paska yHanpehera, Ocrapenu ycriecu cy Beh Hauam OpojHE NPHUMEHE Y
MpaKTHYHUM arviMKalijama, NpH UeMy C€ M3JBajajy NPUMEHE Y KOPHCHHYKMM CEPBUCHMA,
eIlyKaLlHjH, TeparneyTCKUM TpeTMaHHMa, 0e30eiHOj BOXKIbH, BHACO HIPaMa, Kao M Yy CBPXe
MOTIPABKE KBAIHTETA CHCTEMA 38 ayTOMATCKO NPENo3HaBabe roBopa W roBopHyKa. Ha taj Haunn
je YBOAHO TMOrNABJbE OTBOPWJIO MPOCTOP 3a Jajbe H3NArame O caipikajy M pe3yarTarhma
MCTPAKHBALA KOJHMA €€ KaHAMAAT 0aBHO, ann je MCTOBPEMEHO MOCBEAOYHIO0 O AKTYENHOCTH H
KOMTIIEKCHOCTH MPpodaeMa NPEno3HABabA CMOLMOHAIHIX CTathbd FOBOPHHKA,

Y Apyroj riaBu je OrmEpcaH Mpolec HacTajaba roBopa U NPEACTAB/LEH I10jaM eMOLHja, a TOTOM je
omicana Mann(ecrauuja emolrja nyrem rosopa. ['oBop mMma Bpao OHTHY YJIOTY Yy MpOLECY
KoMyHuKaije Mely Jbyauma, NpH 4eMmy je JOMHHAHTHA JIMHIBHCTHYKA IOpyKa, anu je
HEH30CTABHA W HENWHTBHCTMYKA KOMIOHEHTA (II0JI, CTApOCT, €MOLMOHANHO CTame,...), Koja
caapky BpesHe MHpopMaLrje 1 yobaryaBa OCHOBY NOPYKY. JIMHIBHCTHYKA KOMIIOHEHTA [TOPYKE
MOKE, K HE MOPA, CaApKaTH MHPOPMalHje 0 eMOLHOHAIHOM CTatby IOBOPHHKA, HIH MOXKE

il



caapkaTH WHQOpMalie Koje HHCY TayHe. 3aTo ce HEJMHPBUCTMUKA KOMIIOHEHTa CcMaTpa
BPEAHHjOM Ca acreKTa TPerno3HaBama EMOLMOHATHHIX CTaba roBOpHUKA, TOKOM eMOLIHOHAIHOT
JOXKMBIbAjA JONa3H A0 HH3a NPOMEHA y OPraHH3My jeJIMHKE, NITO 38 NOCAeAHIY HMa OACTYTIarmhe
ofpeljleHux QyHKUHja y OJHOCY Ha HEYTPAJHO CTawe, TAKO Jia CE MOTY fpeno3Hartu obpacuu
TPOMEHA aKyCTHUKHX TapameTapa CrelH(pUYHK 3a pazjinyuTa eMOIMOHAJIHA CTaka, a4 KOjH Ce
jaBspajy Kao nocneanua yriuaja GU3MOICMWIKHX NPOMEHa Ha QHCAHmE, H3MOBOP M apTHKYIAIH]Y.
Hedrinucame Opoja eMOLHOHANHUX CTalkba W rpaHuLe W3Mely mHX je Bp/o BaKHO ca acrnexTa
IBHXOBE KlacH(pMKauMje, TaKo [a Cy Yy HacTaBKy FMOrNdB/ba MpUKa3aHe OCHOBHE Higje
KaTErOpUHKHX W THMEH3HOHATHHX EMOLMOHANHIX MOjiena.

Y tpehoj rnaBu je par mpersen obenexja koja MOry OuTH yriorpebsbeHa 3a penpeseHTalu)y
ropopHor curraia. Heocnopro je ma cy y CHHMJ/bGHOM TOBOPHOM CHTHANlY cajpikaHe
HH(popMaLje O eMOLMOHAIHOM CTalmy TOBOPHHKY, NpPH 4YeMy je HEeU30CTaBHH Jieo o
JIMHTBUCTHYKA NOPYKa, Kao M MH(OPMalHje CBOjCTBCHE 33 FOBOPHUKA, MOMyT Hoje rilaca, rnoJja,
CTApOCTH, @IH M KAaPAaKTEePHCTHKE NPEHOCHOT KaHana. Knacudukalmja eMOUHOHATHHX CTama
yrnoTpeboM HEH3MEHEHOI TIOBOPHOT CHTHala He O Ouna eduxacHa, crora je mnoTpedHO
M3BPLINTH U3/Bajarse o0eneskja POBOPHOr CHIHAA KOja tTO BEPHH]E OCIMKaBajy eMOUHOHAIHA
cTakha y3 NOTHCKHBAE OCTANIUX caipikaja. Y OBOj rMaBd Cy AAT€ TEOpHjcKe O0CHOBE obesnesx)a
roBopa M3 rpymne crnekTpannux obenexga kao wro cy LPCC (eur. Linear Prediction Cepstral
Coefficients), MFCC (eur. Mel Frequency Cepstral Coefficients), LFPC (eur. Log Frequency
Power Coefficients), xoHTHHyalHuX of0enexja (pyHaameHTanHa (peKkBeHIja, eHepruja,
dopmanty, obenexja Tpajama), obenexja kpanurera riaca (uurep (eHr. jitter), mmumep (eHr.
shimmer), HNR (ewr. Harmonic to Noise Ratio), ZCR (eur. Zero Crossing Rate), seposarHoha
3BYYHOT I'OBOpa)! M HennHeapHux obenexsja (Tajrep (ewr. Teager) eneprija). Behinba HaBeneHnx
obenexja BpPLIC KPATKOBPEMEHO ONMHCHBAME TOBOPHOI CHIHANA, 4 Kako OW ¢e Aouuio o
KOMITaKTHE PEeNnpe3eHTalnje KOMIUIETHOr FOBOPHOI HCKa3a y yNoTpedr Cy pasanyuTe CTATHCTHIE
rogopHor curnaia. Ynorpebom Belier 6poja ofenexja ce yiwbyuyje M Beha xonuurHa
peneBaHTHHX MHQOPMaLKja 3a pPernpe3eHTaunjy eMOUMOHANHUX CTawa, a ca JAPyre CTpaHe ce
roselaBa AMMEH3HOHAIHOCT BEKTOpa 00enexja, TaKo [a Cy pa3MOTPEHE W TEXHHKE 3a PEAYKLH]Y
JAMMeH3Hja BekTopa obenexja. Y ToM cMHcIy je TmocebHa maxwa roceefiena JmHeapHo]
JUCKPUMHHAHTHO] ananusu (LDA — eur. Linear Discriminant Analysis).

Yerspra rnasa ce 6aBy kiacuPHKaLHMOHHM TCXHHKAMA KOJC HMA}Y 32 3a/aTaK [ia JIOHECY OANYKY
0 CaipXaHOM €EMOLMOHANHOM Cratby y /JaTOM WCKazy Ha OCHOBY M3/ABOjeHHX obenexja.
HerassHuje cy onucane TexHuke xopuuhere y paiy: HMM (ckpuBenn MapKoB/beBH MOJEINH,
enr. Hidden Markov Models) xao TpamuinuoHanad meron y obpaau rosopa, SVM (Merona
NOTIIOPHUX BEKTOPa, €RI. Support Vector Machines) Koju ce NMOKa3a0 CYNMEPHOPHHUM Y MHOTHM
3afalMMa npenosHaBama obnnka u DNN (nyboke Heypanue mpexe, enr. Deep Neural Networks)
Kao penpeseHT Ay0OoKOr yuewa, HpHCTyna Koju je vy nosojy y obpaau rosopa. O MHOLITBA
JAOCTYIHHX KNACH(PHKATOPCKHX METOAA PENo3Hajy ce NPeAHOCTH Pa3HuUTHX [PHCTYNa, Tako
1A Ce ANSKBATHHM KOMOMIIOBALEM PU3IHUYHTHX HpHCTYRG Mory noctHhi Goibe neppopmance y
OAHOCY Ha MHAMBHAYanHe npumerHe. C THUM Y BE3M, Y OBOj IIaBM Cy /JaTe H OCHOBE
MYJTHKIacH(pHKATOPCKUX cucrtema. Hakon mrto ce Qopmupa kimacnpukaTopeka CTPyKTypa,
M3Y3€THO j€ Ba)KHO NPOLEHUTH NephopMaHCe IPOjEKTOBAHOT CHCTEMA, TAKO [1a CY TIPE/ICTaB/beHe
H Mepe KBAIHTeTa KIaCH(PHKATOPCKHX CHCTEMA,

[lera rnasa je nocsehena ananusu kBanurera obenesxja i KIacHPHKATOPa O3HAYCHHM Kao 106ap
1300p 3a norpede ayroMaTcKor Nperno3HaBamka rOBOPHUX eMoLHja. Y]eIHO jC U3BpLIEHA AHATN3A
yTHuaja kopuiihennx 06a3a eMOLMOHATHOL TOBOPA HA PE3yNTATe TCCTHpaba, Y aHamu3n cy
kopuwhena cnexrpanna obenexja: LPCC, LFPC w MFCC. On kaacudukatopa €y yKk/bydeHn:
HMM, SVM u DNN. TecToBu cy cnpoBefeH Ha Ga3ama CPrickor, PyCKOr, MOJ/bCKOT H HEMAHKOT
eMouHoHanHOr rosopa. IlonaBibamem excriepumeHata 3a cBe KombOuHauuje obenexja,




xnacuukaTopa u 06a3a y nocTaBLH HE3aBUCHO OfL FOBOPHHKA M [0CTABLM 3aBUCHO O/L TOBOPHHKA
je mpoayxosano Benmkw Opoj pesynrata. Kako OW ce omakmano ussoheme 3ak/bydaka,
NPHAPY)KEHA jé MEpPa YCIIEIHOCTH CBAKOM 00eNexjy, CBAKOM KIaCH(pHKATOPY M CBAKOM mapy
obenexje-knacuurarop. Ha ocHoBy Tako yseaennx mepa je 6uno moryhe wuszonosatn
nep(opMaHce TMOjEIMHAYHUX eleMEHATa CHCTEMa, KAao M carjiefaBare yTHuaja 0a3a Ha
nepdopmance cHeTeMa.

Y wectoj rnaBu je akueHaT Ouo Ha yHanpehemy cucTeMa 3@ ayTOMAaTCKO MPENo3HABAFLE
FOBOPHHX EMOLHja, oclamajyhn ce Mpu ToMe Ha pe3ynTaTe KOMMNAPATHBHE aHANM3E W3
nperxoine riase. IlpsencTBeno cy aHanusupane moryhHocTH yHanpeljewma kiacH(PHKauHoHe
TEXHHKE Ha 0a3W [HCKPETHMX CKPHBEHHMX MapKOB/LEBUX MOJCHA, MPH 4YeMy C€ BEKTOPCKA
KBaHTH3aLlMja HCTHYE KAO jaKO M3a30BaH 3a[aTak, Tako Aa je moj nocsehena noceOHa Naxwba.
PaszmoTpeno je Hexonmko npueryra 3acHoBanux na ynotpedu QQ kpuse (eur. Quantile-Quantile
plot) xon onpehuBamwa crTanoHa 3a BCKTOPCKY KBaHTH3aujy. Hakon wTo je ycBojeHa koHauHa
(hopma BexTOpCcKE KBaHTH3ALUjEe, pa3MoTpeHe cy MoryhHocTH aomsaTHor yHanpehema HMM.
Yeelen je xopax npejnoOyke mMojena, Kkao M BHILECTpyka o0yKka ca KOMOMHOBAHEM MOZENA.
[pepnoxxena HMM nmniemenTaumja je Tectupana ynorpebom obenexja u 6asa ca kojuma je
TecTHpaHa M cranaapasa HMM  umnnemenrtaumja, TAKQ & CY OCTBAPEHH PE3Y/ITaTH
HEJIBOCMHCIIEHO TIOTBPARIIH 1a NPEANokeHa yHarnpeljema A0MPHHOCE MONpaBLl nepPopMaHCH y
OAAHOCY HA CTaHJAPAHY HMMIUIEMEHTauM)y. Y TMPEeTXOAHMM aHajimsama Cy [OPEBACXOJHO
KopuiiheHa crexTpanna obenexkja TOBOPHOT CHIrHaMa, ¢ 003MPOM Ha OMIITE YBEPEHE Aa Cy
n06ap u300p 3a 3ajaTak ayTOMATCKOI MPENO3HaBaba TOBOPHHX €MOLIHja, [ITO HE HCK/bYWyje
MoryhuocT nocrojarwa xopucnux nHdopmaunja n y apyrum rpynama obenesxja. Bepudukauuja
NOCTOjarba KOPHCHUX HH(OOPMALMja H3BAH CIEKTPATHHX 00CHEK|a je H3BPIICHA TECTHPABEM
ckyma ofenexja caummeHOr O NpeAcTaBHMKka npeocrannx rpyma. C  o63upoM ga cy
HecrexkTpaaHa obesexja nocTuria yjeiHauene nephopMance ca CrekTpanHum obenexjuma, H ¢
003HPOM Ha pasinuHTE NpHPOjIE 00EEXK]a, 3aK/bYUEHO j& Aa Ce HHXOBHUM KOMOMHOBAILEM MOTY
00e36enntu nornyuunje vndopmannje. Yidbyderem Benukor 6poja npeacTaBHHKa PasIHUNTHX
rpyna obenexja y jeHHCTBEH MPOWMPeHH ckyn obenexja je obesbelena 3Hauajua mnonpaska
nepdopmancu. Ca npownpemenm ciyna obenexja ce japba npobiem MaHunynauMje BEKTOPHMA
BEJIMKHX JHMen3uja, Taxole, momasm ao npopeliema npocropa obenexja, Tako nAa je OWIIO
HEOMXOAHO pasMarpame MOTYNHOCTH peiykuuje JMMeH3Hja BekTopa 06eexja, y3 LUTO Marbe
rybuTke kopucHux MHpopmanmja. ExcriepumenTtr cy criposeiienu yrotpebom LDA mertone 3a
pefyKumMjy AMMEH3Mja, a aHanu3upaHa je # MOryfiHOCT pelyKuWje AWMeH3Mja ynoTpefom
®ubonaunjesor Husza Gpojesa. Hakow mro cy mcrmnrane mMorylHOCTH pasnuuuTHX MONpaBicH
MOJEMHAYHUX €JIEMEHaTa KIacH(PUKATOPCKHX CHCTeMa, NpeocTana je Aa Cce  pasMoTpH
HHTETPaLMja NPeJAHOCTH PasAUUNTHX [IpucTyna y jeauHcrsed cucrem. Kowcrpyucana je
napajenHa MyJITHKIACH(QHKATOPCKA CTPYKTYpa ca KOMOWMHATOPHWUM MPABHIIOM KOje HOpPEN
pesyarara kiaacuduKaLMje AaTOr KIACH(PHKATOPCKOr CHCTEMa KOPHCTH ¥ MH(OpMALje O
KapakTepucTurama KIacH(pUKATOPCKOT CHETEMA H3PAKEHHM KPO3 MATPHLLY KOHDY3H]e M TauHOCT
npenosHasara. [Ipeinoxkeno KOMOMHATOPHO NPABHMIO je TECTHPAHO Ca KJaCH(HKATOPCKHM
cucreMuma (hOPMHUPAHHM FPHITNKOM CIIPOBONEA MPETXOMHUX CKCIEpHMeHarta, a mopelemem
pesynrara MYJITHKIACH(PHKATOPCKE  CTPYKTYpE ca pesystatnma T0jeIMHaYHHX
KAACH(PHUKATOPCKKMX  cheTema  je  1noTBpheda nonpaska TauHOCTH nipenosnasama. Takobe,
pasMoTpeHo je (opmupare ancamOiia  KJAaCH(PHKATOPCKHX CHCTEMA NPOH3BO/LHE BENHUYHMHE
ynorpebom Dubonaun peaykumnje AuMensuja, wro je sa sehnuy 6aza JONPUHENO A0AATHO]
MOMpaBLiK Pe3yiiTara.

Cexmo nornaBsbe caipiki pesuMe Tese M CybIuMHpaHe 3akibydke., Y OBOM MOMIABRY je
M3BpLICHA KpaTka pekanurtyiaudja npobnaemMa koju cy Owin y (OKyCy HCTpakusaiba,
MPEANIOKEHHX PEIICH-a, KA0 H YOUEHHX OrpaHnuera W cMepHuua 3a Oyayha uerpaxusama, Ha
Kpajy je nat u npernen kopuihene anrteparype.




3. OUEHA JUCEPTAIIUJE

3.1, CaBpeMeEHOCT 1 OPHIHMHAJIHOCT

JlaHalmsy pa3Boj APYIITBa AUKTHPA CBE CTPOXKH]E 3aXTEBE MPEMaA TEXHHYKHM CHCTEMHMAa, M1a CE
JONUIO JOT/IE [a je BEITauka WMHTEIMTEHIMja Kao OCHOBHM 3ajatak jpobuma ga omoryhu
MalMHaMa fa 00aBsbajy pasnuuute GyHKUMje kao wro 6u ux obasspaan Jbyau. Ilpn tome ce
3aXTeBa H HELITO BHINE, a TO je JIa MOCTOjH W HHTepakuuja koja nun Ha XymaHy. Beh je MHoro
ypaljeno Ha NOJby WHTEPAKLMje HOBEK-MAIMHA, TAe Cy Bel mpucyTHn ycmemH# CHCTEMH 3a
AYTOMATCKO MPENO3HABAME NPHPOAHOI FOBOPa kA0 i 34 cuHTE3y rosopa. Mehyrnm, y CBaKoj
KOMYHHKALM]H Cy BPEAHE HH(POPMALHjC CapikatHe 1 Y OHOME WTO HHJC CKCTUTHLHTHO PEYCHO.
Ty ce nosasn A0 NMOjMa eMOLMOHAIHE HHTEIHIEHIM]E K0 CYUITHHE MAlMHA KOje Cy MHOro
onmwTHjer kapaktepa, pobycHuje, epuracnuje, ann u ycinahennje ca XymMaHum BPEAHOCTHMA,
EMOLHOHAIHA HHTEIUIEHIUTja [0J[pa3yMeBa CrocOOHOCT pasyMeBama ocehama i pacnooKerha,
Kao M YIPaBJharbe MOHAIIAKBEM Y CKIIAy Ca HBUMA, IITO Y PauyHapCKHM OKBHPHMA TOAPa3yMeBa
[OCTOjarbE ANropuTamMa 3a MPErno3HaBame eMOLMOHATHHX CTarba, alroputama 3a pasmMaTparke
eMoLMja y JOHOUIEY OJUTYKa, Ka0 H anropuTama 3a CHMyJNalMjy eMOUHOHanIHHX crama. C
0G3MpPOM 1 je MOY3AaHO NPENO3HABALE eMOLMja OCHOB 3a MPABHNAH Pajl CHCTEMA KOji ce base
OCTAIMM aCNIEKTHMA eMOIMOHAJIHE HHTENHTEHLI]E, CYWITHHCKH je ONTHO Aa npenosHasarbe Oy/e
M3BPLICHO €A BMCOKHM CTerneHoM noysgaHocti. Mudopmaumja 0 €MOUMOHAIHOM CTawby je
KOAMPaHa y FOBOPY, H3pa3UMa JHLA, IOKPeTHMa Tena M Gu3HOoNoWKiM 3uanpma. [Ipu Tome ce
NapaTMHIBHCTHYKA CAAPIKaj TOBOPA MOXKE CMATPATH Haj3HAUAJHHjHUM HOCHOLIEM €MOLHOHATHHX
uH(opMaInja ¢ 003UPOM Ha 3aCTYIUBEHOCT BepOajHe KOMYHHKaLje, CTENeH MOY3MaHOCTH, Kao
1 MOTYRHOCT TPHKYTTIbAbA.

[TpeaMeT HCTpaXKHBaMba KaHAHAATA jecy YIPaBO alrOpHTMH 33 ayTOMaTCKO MPEno3HaBame
eMOLM}a M3 NapaJMHTBHCTHYKOr cajpkaja ropopa. HanpapieHu cy BelnKH MOMauy Ha MOJbY
ayTOMATCKOr [PEero3HaBaka CMOLHja W3 TOBOpa OJ MpPBHX eKCIeprMmeHara 10 HaHac, any
CBAKAKO MOCTOjH TPOCTOP 3a jaba yHarpeherba. Y paHHjUM HCTpaxuBamuma cy kopuuihenu
PA3NUUHTH NPUCTYNH, DAC CE y CBAKOM MOXE Pa3iHKOBATH N0 KOjH ce GaBM H31BajarbeM
obenesxja roBOPHOT CHIHAMA M €0 KOJH ce. 6aBn knacu(rkaunjoM WijBojeHHx obenexja. ¥ paiy
KAHMIATA j€ CTpOBejleHa KommnapaTuBHa aHamnsa obenexja n knacuukaropa Hajuelnhe
kopumiheHux y peliaBarby 3aJaTka  ayTOMaTCKOr MPEro3Hasarba  CMOLMOHATHUX  CTama
rOBOPHMKA, MpH 4veMy cy 3a nopeljere nepopmaHch enemMenara cucTema KopHiiieHu
noKa3aTe/bu Koje je KaHauaaT npeioxno. [TotoM ¢y pasMoTpena pasinuuTa ynanpehema koja
cy nojapasymesana yrnorpeby MOTIYHO HOBE METOAC BEKTOPCKE KBAHTH3ALMJE KO/ JAMCKPETHHX
HMM mopena, HCNUTHBAKE TMOMOOHOCTH PA3IHYMTHX  PENpeseHaTa TOBOPHOT CHrHANA,
AHPAKOBAILE OPUTHHANHE METOJE 3a PEAyKUMjy AMMEH3Hja BekTopa ofeneija 3acHOBAHE Ha
dubonaunjeBoM HU3Y GpojeBa, KOHCTPYKLIH]Y MapanenHe MyITHKIACH(PHKATOPCKE CTPYKTYPE ca
OPHIHHAIHKM T[PEUIOTOM KOMOMHATOPHOT MpaBujia, Kao M OPEUIOr ayToMaTH30BaHOT
(opmupama ancambiia knacudukatopa TPOHM3BOBLHMX AWMen3uja npumeHom  (Pnbonaun
peayKuMje THMEH3H]a.

I1o casHawy ayTopa Te3e 1 wianosa Komucuje, y antepaTypH TPEHYTHO He MOCTOje METOE KOje
HagejieHe npobjeme agpecrupajy Ha OBaKo CBOjCTBEH HAYMH.

3.2. Ocept Ha pedepeHTHY W KopHNeHy JHTEPATYPY

Crnncak xopuuthene aureparype 6poju 127 nHacioBa 1 ona ce, rpyoo ropopehin, Moxe rnojaenury
y Tpu ckyna. [IpBr Of1 biX NPEACTaBIba GasHUHY JIMTEPATYPy M3 KOje Ce MOry carjelaT OCHOBE




TEXHMKA 3@ PENpPEe3eHTalldjy TOBOPHOT CHrHANA, KJIacM(PHKALUHOHMX M JAPYIHX TEXHHKA
MAUIMHCKOr yuera MPUMEHHBUX Yy OBOj 00JacTH, Ka0 M CTPYKTYpa CHCTEMa 3a ayTOMaTCKo
Npeno3HaBame FOBOPHHX EMOLMja, ald M NpoOJeMH KOju Cy CKOMYaHH ca MPEeAMETHHM
sagatkom. Mako je 6poj pedepeHun y oBoj oOJACTH H3Y3ETHO BENMKH, CBAKAKO KAO HHXOBE
penpesente Tpeba momenyrn cnenehe wacnose: L. Rabiner, B.-H. Juang, Fundamentals of
Speech Recognition, New Jersey: Prentice Hall, 1993.; T. L. Nwe, S. W. Foo, L. C. D. Silva,
,Speech Emotion Recognition Using Hidden Markov Models,” Speech Communication, vol. 41,
no. 4, pp. 603-623, 2003.; C. Cortes, V. Vapnik, ,,Support-Vector Networks,* Machine Learning,
vol. 20, pp. 273-297, 1995.; L. Deng, D. Yu, ,Deep Learning: Methods and Applications,”
Foundations and Trends in Signal Processing, vol. 7, no. 3-4, pp. 197-387, 2013.

Jlpyry rpyny pedepeHTHHX HACIOBa 4HHE pe3ynrtarn o0jaB/beHH CKOPHjUX TOAMHA W KOjH
CBEJIOUE KAKO O aKTYESTHOCTH Npodiaema Koji Ce pasMaTpajy Tako H O PasiiMuiTHM [PUCTYNHMA
Ha KOjH CE OHM MOry periasaTi, ¥ 0BOj rpynu kopuuthene n pedepucane AnTepaType cBakako
tpeba nomenyTn ceaehe nacnose: 1. Schuller, B. W. Schuller, [ The Age of Artificial Emotional
Intelligence, Computer, vol. 51, no. 9, pp. 38-46, 2018.; B. W. Schuller, ,Speech Emotion
Recognition: Two Decades in a Nutshell, Benchmarks, and Ongoing Trends,” Communications of
the ACM, vol. 61, no. 5, pp. 90-99, 2018.; Y. B. Singh, S. Goel, ,Survey on Human Emotion
Recognition: Speech Database, Features and Classification, in 2018 International Conference on
Advances in Computing, Communication Control and Networking, ICACCCN, Greater Noida,
2018.; M. M. E. Ayadi, M. S. Kamel, F. Karray, ,,Survey on Speech Emotion Recognition;
Features, Classification Schemes, and Databases,” Pattern Recognition, vol. 44, no. 3, pp. 572-
587, 2011

Tpehy rpymy peepeHTHHX PajoBa UMHE YIPABO PE3Y/ITaTH KOjH CE Hanase y camoj CpXH OBe
poxtopeke jaucepraumje. OHKM JOKYMEHTYjy HCTpaxkMBama M Hamope fa ce Haby edukace
METOJIE 32 MPENO3HABAILE EMOLHOHANHNX CTamba YIOTPEOOM pasaMuuTHX 6aza eMOLHOHAIHOr
ropopa. Y 0BOj Tpynu Hacnosa csakako TpeGa nomenyrtn cnmemehe: V. Deli¢, M. Bojanié, M.
Gnjatovi¢, M. Secujski, S. T. Jovici¢, ,Discrimination Capability of Prosodic and Spectral
Features for Emotional Speech Recognition,” Elektronika ir Elektrotechnika, vol. 18, no. 9, pp.
51-54, 2012.; A. Hassan, R. 1. Damper, Multi-Class and Hierarchical SVMs for Emotion
Recognition,” in Proceedings of the 11th Annual Conference of the International Speech
Communication Association, Makuhari, 2010.; A. Shaukat, K. Chen, ,Emotional State
Recognition from Speech via Soft-Competition on Different Acoustic Representations,” in The
2011 International Joint Conference on Neural Networks, San Jose, 2011.; D. Kaminska, T.
Sapinski, G. Anbarjafari, ,Efficiency of Chosen Speech Descriptors in Relation to Emotion
Recognition,” EURASIP Journal on Audio, Speech, and Music Processing, p. 2017:3, 2017, P.
Staroniewicz, ,,Aulomatic Recognition of Emotional State in Polish Speech,” in Toward
Autonomous, Adaptive, and Context-Aware Multimodal Interfaces. Theoretical and Practical
Issues, Lecture Notes in Computer Science, Berlin, 201 1.

YBUAOM y HaBeleHy JuTeparypy moxe ce crelin yrmcak o Tome na je, pamehn Ha CBOJjoj
JOKTOPCKO] AMCEepTaLmjy, KaHAMAAT KOPUCTHO PEEBAHTHY PAclOJIONKHBY HAYYHY JIHTEPATypy
Koja je y AMpEeKTHOj Be3n ca npobiemom koju je obpaljusan y aucepraunjn. Ha osaj nauun je
KaHAHAaT yBepHo unanoBe KOMUCH]E fa PesynTaTH M3JI0MKEHH Y OBOj TE3H 3aMCTa NPE/ACTaBILAjY
MIOMaK y HAY4HOM M HCTPaXKHBAYKOM Ofycy Koju ce Oasu TpeTupanum npodaemom. Ca apyre
CTpaHe, Ha OBAj HAUKH CE CTHYEC YBHJ Y UMHCHHLY Jla jé CBOje PE3yNTaTe KaHAHAAT NOPEeAno ca
HAJHOBMjHM CBETCKMM PE3yNTaTiMa 13 jotHune obgsactu. Takap mpuctyn oMoryhapa Hay4Ho]
jABHOCTH Jla HA HEMOCpedaH K jeAHOCTaBaH HauMH (opMHpa OOjEKTHBAH CyA O BPEAHOCTH
cajpkaja M pe3ysTaTa Koju cy y AOKTOPCKO] AHUCEPTALIMjH H3I0MKEHH,




3.3, Onuc 1 aJcKBaTHOCT NPHMEHLEHMX HaYUHHX MECTOAA

Tokowm u3pafe CBoje A0KTOpcKe Ancepraunje kanauaar Heswio Hepemrosuh je ol HayuHHX
METO/d HMCTPaXKMBakha [JOMHHAHTHO KOPHCTHO TEXHHKE aHaiM3e, CHHTE3C, Komnapaumje,
reHepanu3aLije, eKCIepuMeHTa i CTaTHCTHKE.

C nouerka, ynasehn y nayuny obnact o6paje FOBOPHOT CHTHaNa i CeUM(pHUIHO, ayTOMATCKOT
[penosHaBaba [OBOPHUX eMOMMja, Kauaupar je Ono nocsehed eBajyaLji KBanuTeTa
MHAHBHAYAJHHX €IEMEHATA CHUCTEMa 3a ayTOMATCKO NPETIO3HABAME FOBOPHHUX emouuja. OBaj
CErMEHT HCTPKHBAME CE JIOMHHAHTHO OCJIOHHO HA HAYYHI HCTPAKHUBAYKH MCTOM aHAIM3C.
Kpanurer obenexja M KNacH(UKATOpa KOpHILREHUX y KOHCTPYKLH]JH CHCTEMA 33 AyTOMATCKO
Mpeno3HaBame TFOBOPHHX €MOLMjA j€ €BAIYMPAH [OHABLAKEM TCCTOBA 3d  Pas/IHuHMTe
xomGuuaunje obenexja, wmacudukaropa u Gasza, a saTum oApehuUBaHKEM MEpa KBATHTCTA
obenexja, kmacudpukaTopa M HHXOBHX NapoBa, Tako [a cy OBaj CETMEHT HCTPAXKHBAA
KapaKTEepycae M HayqHe METO/E KOMTApaLilje, eKCEPHMEHTa H CTATHCTHKE.

Kachuje, ynasehn ny6ime y ob6nactT HCTPOKHBAGA, KAHANAAT € NPEAN0KHO NOCTYNAK BEKTOPCKE
KBAHTH3ALM]C KO AMCKpeTHX HMM koju nojapasymesa ynorpedy dubonaunjesor Hnuza Opojesa
3a notpede TPaHCPOPMALH]C OPHIHHANHIX BPCAHOCTI M HIIXOBOM FPYIHCathy NPHMCHOM Q0
KPHBE, [Jle CE MPeno3Haje JOMHHAHTHA ynoTpeba HayuHHX MCTPAKHBAYKMX METOMA CHHTE3C
resepanuzanuje. Merpaxupadyka METONA CHHTE3E Ce IOMHHAHTHO YyOuaBa 1 y /eIy HCTPAaXKMBaba
koje ce OGasu Qysujom Beher Opoja  KiIACH(PUKATOPCKMX — CTPYKTypa Yy  3APYKCEHY
MyATHITACH(DHKATOPCKY — CTPYKTYpy.  McTpaxupamem je  oOyxpaheHo 1 HCIHTHBAm:C
penpeseHTalie TOBOPHOT cHrHama ynorpebom pasnnuntix obenexga, a cBa TECTUPAma Ccy
BpLICHA MOCTYNHUM yBoheHmeM HOBHX MeTOAd, y3 0apehinBare MCPE KBAIHTETA MPEANOKCHHX
MPOLIMpPERa, TAKO Ad je W y OBOM CErMEHTY HMCTpaknBama moryhe mnpenosnari ynotpedy
HayuHMX HMCTP@KHBAYKHX TEXHWKA eKCriepumMenta u crarneruke. Cpa TecThpaiba Cy BpuicHA
yriorpebom  pacnosioxuBux 6asa, ussoachu mpu TOME OMWITE 3aKJbY4KEe O  BabaHOCTH
NpeUIOKEHUX  METOAd, IITO  MMIUIMLMPA MPHUMEHY —HAywdHE  HCTPAKMBAYKE — METOAC
resepaanialmje.

3.4. [IpHMEHJBHBOCT OCTBAPEHIX PE3YITATY

PesysiTaTH  OCTBAPEHH TOKOM Pafd Ha OBOj JIOKTOPCKO] ANCEPTALUM)Y  HMa]y BHIIECTPYKY
MPUMEHILUBOCT.  3aK/bYHLIM  KOMIAPATMBHE AHATM3C THUIMYHMX ~ClEMCHaTa  chcrema  3a
AYTOMATCKO MPETIO3HABAE FOBOPHUX eMOLHja Mory nomohn ko usbopa Hajbobe KoMOHHaLIH]e
obenexja u kiacnPUKaToOpa NPUIIKKOM MPOJEKTOBALA CHCTEMA 33 AYTOMATCKO [PErosHaBabLe
FOBOPHKX EMOLIM}A, &K H [TOCTY/KITH Kao 0cHOBA 3a Oyayha HeTpaxuBarmba.

[MpeanoseHa METOHa 3a BEKTOPCKY KBAHTH3AWM]Y Koa Anckperunx AMM sacnosana Ha QQ
KpHBO] [IpeMaLilyje Pe3y/ITaTe HOCTHIHYTE MPUMEHOM YoOluajene MeToe sacuoane ta K-medans
knacrepusanmju, Takole, npeasokeHa METoa MOKE Halin PHMCHY Y pelaarby NpOH3BOLHOT
KJIACTEPH3ALUOHOT pofiieMa KOjH Mpe/IcTaBba He3a00MIa3HH CErMEHT TOTOBO CBAKOr CHCTEMA
34 IIpero3HaBarbe O0JIMKA HIITF CHCTeMA 33 aCHCTEHLM]Y IIPH AOHOLICHY O/UTYKa.

[Ipennoxena je u MeTofa 3a PEAYKIMjY AMMEH3Hja BEKTOPA obesierkja 3acHOBaHA Ha [IPHMEHH
dubonaunjesor Husza GpojeBa, KOjy KAO OCHOBHO CBOJCTBO KapaKTEpHILE jeIHOCTaBHOCT H
pauynapcka eduracHocT. [lpeanoxena Meroaa 3a PEyKUH]y AHMEH3MjA je Y CHPOBEICHNM
TECTOBMMA yCTena Aa Haamalty adupnmucany LDA MeToay pejyKkumje AMMEH3H]a. Moreduujan
npejuloAene MeToAe Moxke JOhH 70 H3paxkaja y MpHMEHAMa ca aKlIEHTOM Ha pavuyHCKO]




C(l)l'iKaCHOCTH H Ha MECTHUMa I’AC HHCY NO3HATC, HJIM CY CYBHMUIC CJIOXCHE, 3aBHCHOCTH 3a4aTHX
mogaraka.

Ha kpajy, y pajsy je npeaioxkeHo komOHHATOPHO NPABKIIO 33 (POPMUPARE 3APY)KEHOT pe3ynraTa
ancambusia knacuuraropa napajieiHe Myatuiaacuuikaropeke crpykrype. [Ipeanoxero je u
ayromarcko (Qopmupame ancamOria KkaacH(uKaTopa TPOM3BOBHMX JAMMEH3Hja MPHMEHOM
dubonaun peaykipje anmensuja, 6e3 norpede 3a ynywrrare y npupody npobieMa koju ce
peniasa.

3.5, OLLeH?I JOCTHTHYTHX CcrnocoOHOCTH KAHAMAATA 34 CaMOCTAAHI HAYYHH paj

Tokom pajga Ha CBOjO] JOKTOPCKOj AMCEPTAUMjH KaHAMAAT je [0Kazao [a je y cramy Aa
CaMOCTANTHO youasa npobieme, Aa ¥3 JAOCTYNHE NHTEpaType Nperno3Haje eeMeHTE KOju Cy Of
selie WM Mame Ba)KHOCTH 3a FHXOBO pellaBarse. Takole je, LITo je HAPOUHTO BAXKHO, CTEKAO
MOryhHOCT ma kpuTHuKH aHanusupa noctojeha peulewa. Toxom BpemeHa, Hanpenyjyhu kpos
paj, HMCIOBUO je 3aXTeBaHy HAYUYHY 3pesoCT H OCMOCOOJbEeH je 3a JasbM yCIellaH HayuHo-
uerpaxcnsauky pan. OBa je HaydHa OJMEPEHOCT HApOYMTO JOULTA A0 M3paXkaja y CEerMeHTHMa
OLEHC BPEIHOCTH TNMOCTHTHYTHX HAYYHHMX pe3yaraTa W Yy fIpOLECY yOuaBakba OrpaHHyema H
MarbKaBOCTH COTNCTBEHHX Pa3BHjEHHX METOMA 38 KIACTepH3aUHjy BHILEAMMEH3HOHHX BEKTODA,
PEAYKHM}Y AUMEH3HA 1 (POPMUPAILe MYNTHIIIACHQHKATOPCKE CTPYKTYPE.

4. OCTBAPEHU HAYYHH JOIIPHHOC

4.1, Hpukas ocTBapeHUX HaYUHHX JONPHUHOCA

Tokom veTpaXxKHeama 1 paad Ha HOKTOPCKO_i f{l’iCC])'I\ﬂlll'l_i)'l Kapanaar je OCTBAPHO BPJIO 'stmajHe
pe3ynTaTe I(Oj 1 Ce MOly HCKa3aTH KPo3 cnenehe HaydHe 201npHioce:

e lappuien je BpJo AeTalbaH Hperjie] HayuHe obsacTH Koja ce OaBH IIPero3HaBarmeM
€MOLIMOHAHIX CTama W3 TOBOPHOI CHIHAala MOJIEIOBAkEM TIOBOPHOI CHIHAala H
TexHHKaMa Kiracupukanuje. Ha kpUTHUaH BaYMH Cy HaBe/eHa OrpaHuyerba H HeAoCTalH
NOjeJIMHUX [IPUCTYIIA 1 HA TA] HAYHH j€ OTBOPEH NMPOCTOP 3@ Pa3B0j HOBHX MCTOAA KOJH CY
OrCcaHe Y OBOj IHCEPTALIM]H.

o V3BpUIcHa je KOMMAparTHBHA aHaAH3a CIEKTPAJHKX 00eneKja FOBOPHOT CHIHAA ApemMa
cTeneny nodobHocTH 34 ynorpedy y cHeTeMHMa ayToOMaTeKOr HNperosHasaka N'oBOPHHX
eMotLja.

e Taxolje je HAa OCHOBY HCLpIHE CTATUCTHHKE aHanmie, a KopHihewem Gaza eMOTHBHOT
ropopa 3a  padaMYHTE  €BPONCKE  je3nKe, MW3BpLUEHO  rnopelerse  THIHUYHMX
KnacHPpUKALMOHKX anropuTaMa y OAHOCY Ha MPUMEHILHBOCT Y CHCTEMHMa ayTOMATCKOT
nperno3nasarba TOBOPHHUX EMOLIH]a.

e [loctaBibeHe Cy pedepeHTHE BpPEAHOCTH Yy  cMmucay  BepoBaTHoRa — HcrpaBHOT
npeno3HaBama 3a Hajuenifie kopuurheHe noctapke obenexje-kIacHpHKaToOp 3a ClIOBEHCKE
6a3e eMOLIOHANHOT roBopa.,

e ll3BpuieH je npemsor Mepa KkBajauTeTa Kkoje omoryhaBajy u3onioBame nep@opMaHcH
NOjeANHAYHHUX eJIeMEHaTa CHCTEMa 3a ayTOMaTCKO MpPEero3HaBamke MOBOPHHUX eMouHnja
carfefaBame yThuaja 6aza Ha mepdopmaHce cUCTEMA.




o Tlpeanokena je HOBa METOJA 32 BEKTOPCKY KBAHTH3ALM]Y KOJ JAHCKPETHHUX CKPHBEHHX
MapkoBmeBHX MoJena, Kao M Apyra yHampeherwa koja MOBO/BHO yTHMY HA KBAJIMTET
QopmupaHor Mosena.

e [lpensoxeHa je HOBa METOAA 3a PEAYKUH]Y IAHMEH3Hja BekTOpa obenekja 3acHOBaHA Ha
duboHaumjeBom HU3Y Opojesa,

e [lpemnoxeno je KOMOHHATOPHO TMPABHIIO MapaIETHE MYATHKIACH(PUKATOPCKE CTPYKTYPE,
KA0 M NOCTYIaK 3a Gpopmupare aHcambna kinacupukaTopa NpoU3BOsbHE BEIHUMHE,

4.2, KDI/ITH‘»IKZI ananusa pe3ynarara HCTpa)<iBamba

Y KuKH HMCTpaKMBarka KOj€ je NpHKa3aHO Yy OKBHPY OBE JIOKTOPCKE JucepTalje je Omio
yHanpeleme cHcTeMa 3a ayToMaTCKO IPerno3HaBame rOBOPHMX €MOLHja, WTo je 00yxBaTH/o
yBollem€ HOBE METOJE 3@ BEKTOPCKY KBAHTH3AlM]y KOA AUCKpeTHUX HMM, HOBe Meroue 3a
pelyKUHjy [OHMEH3Mja, Kao W TPEAIOr napajelHe MyJTHKIACU(PUKATOPCKe CTPYKTYype.
[pennoxena ynanpelema cy oMoryhuna noctusame HuJbaHe nonpaske nephopmance cucremMa
32 ayTOMATCKO TIPENO3HABAKE MOBOPHHX EMOLIMja, & YjeHO NPeJCTaBbajy YHUBEp3aiHa pellera
MPEAMETHHUX 3a/aTaKka Koja MOr'y HalK NPHMEHY Kao TAKBa Y KOHCTPYKUMjM JAPYrHX CHCTEMa 3a
ayTOMATCKO TPENOo3HaBatbe roBOPHHX emouuja. lcroBpemeHo oBM pe3yiartati U HBHXOBA
NPHMEHA HE MOPAjy HYXKHO OMTH JMMHTHPAHH Ha NPEro3HaBambe eMouuja U3 ropopa Beh Mory
Hahu npuMeHy y pewaBawy wMper ckyrna 3saparaxa. [IpemoxeHe serope yHanpehyjy
nepopmance cHeTeMa 3a ayTOMATCKO PEro3HaBake FOBOPHUX CMOLIMja, ajin He omoryhasajy
TOTAJIHO EMHMHHNCAILE IPELIAKA Y [PENO3HABABY EMOLMOHANHIX CTatbi, IITO OCTABBA [IPOCTOP
sa Oyayha wucrpaxusama. Takole, npeanoxena yuanpeljerma cy TecthpaHa Ha 6aszama
OArNYMILEHOT E€MOLHOHANHOT TOBOPa, WTO j€ CTBOPHIO MOBOJLHE YCIOBE 38 H3PAKAJHO
OCUKABABE KAPAKTEPHCTHKA PA3IHUHTHX EMOLHOHANHHX CTakba MPWIHKOM pa3sBoja HOBHX
aaropuTama, any 3a eBaayalHjy MNpojeKTOBAHOT CHCTEMA Y YCOBHMA OJIMCKHM PEATHOj TPHUMEHH
Jj€ npuKaajHuja npuMena 6a3a CIIOHTAHOT EMOLMOHAIHOT FOBOPA, WITO MOXKe 6uTh Tema Byayhux
UCTPAXHBAILA,

Ha xpajy, Komucuja nspaxasa 3as0BO/LCTBO WITO CY CBH OYEKMBAHH HAYYHH JOTPHHOCH,
HABEACHH TIPUIIMKOM TPHjaBE TEME HCTPAKHUBAMA, OCTBAPEHM W JACTATBHO MPE3CHTOBAHH Y
KOHAuHO] Bep3ujn goxtopcke aucepraunje. Takole, Komucnja je 3apososbHa (opmMom u
HAauMHOM MPE3CHTOBALA OCTBAPEHHUX PE3yiTaTa,

4.3. Bepudukauija HayuyHUX JONGPHHOCA

Y wniby BepuuKaLMje HaBCACHHX HAYUHHX JOMPHHOCA, HABOMMMO CIHCaK pajoBa Koje je
kananaat XKemwko Heaemkosih nydnnkonao paachn Ha ¢B0joj TOKTOPCKO] AUCEPTALIMjH:

Kateropuja M23:

1. Nedeljkovi¢ Z., Milogevi¢ M., Purovi¢ Z.: Analysis of features and classifiers in emotion
recognition systems: Case study of Slavic languages, - Archives of Acoustics, vol. 45, no. 1, pp.
129-140, 2019 (DOI: 10.24425/a0a.2020.132489),

2. Milogevi¢ M., Nedeljkovi¢ Z., Glavitsch U., Burovi¢ Z.; Speaker Modeling Using Emotional
Speech for More Robust Speaker Identification, - Jowrnal of Communications Technology and
Electronics, vol. 64, no. 11, pp. 1256-1265, 2019 (DOI: 10.1134/S1064226919110184).




Kareropuia M33:

1. Nedeljkovi¢ Z., Milosevié¢ M., Purovi¢ Z.: Improved HMM for automatic speech emotion
recognition, - Proceedings of XXVII Pacific Voice Conference, Krakow, Poland, 2020, vol. 3,
pp. 10-14.

2. Nedeljkovi¢ Z., Burovié 7. QQ-plot based clustering, - Proceedings of 6th International
Conference on Electrical, Electronic and Computing Engineering, Silver Lake, Serbia, 2019,
pp. [38-141,

3. Nedeljkovi¢ Z., Milogevic M., Purovi¢ Z.: Baseline system for speaker recognition —
parameter analysis, - Proceedings of 4th International Conference on Electrical, Electronics
and Computing Engineering, Kladovo, Serbia, 2017, pp. AUI1.3.1-5.

4. MiloSevi¢ M., Nedeljkovi¢ Z., Purovi¢ Z.: Emotional speech databases in Slavic languages —
an overview, - 26th Annual Conference of the International Association for Forensic Phonetics
and Acoustics, Split, Croatia, 2017, pp. 167-170.

5. Milogevi¢ M., Nedeljkovié¢ Z., Burovié Z.: SVM classifier for emotional speech recognition in
software environment SEBAS, - Proceedings of 3rd International Conference on Electrical,
Elecironic and Computing Engineering, Zlatibor, Serbia, 2016, pp. AUI4.1.1-4,

Kareropmja M63:;

I. Nedeljkovi¢ Z., Durovi¢ Z.: Automatsko prepoznavanje emocija na osnovu govora upotrebom
skrivenih Markovljevih modela, - Zbornik 59. konferencije za elektroniku, telekomunikacije,
racunarstvo, automatiku i nuklearnu tehniku ETRAN 2015, Srebrno jezero, Srbija, 2015, str.
AUL.6.1-5.

S. 3AKJBYYAK U ITPEIOT

Hoxropeka nucepranmja kanamupara OKemwka Henemskosuha roa nasusom ,,OnTumnsaumja
CHCTEMA 3a ayTOMATCKO MPENO3HaBAE FOBOPHHX E€MOLHja™ je y LEeJHHH HANHCaHA y CKiady ca
00pa3I0KemheM HABEACHHM Yy MPHjABH TEME M CaAPXNKH CBE OHTHE CIEMEHTE KOjH CE 3aXTeBajy
[TpaBnaHHKOM © JoKkTOPCKHM cTyamjama Enexrporexnnukor (axynrtera YHHBEp3uTeTa Y
beorpany.

Y pucepramMjM ce Ha CHCTEMATCKM 1 JOCHCAAH HAYMH AHAIM3MpA MpobieM MOrpaBKe
MeppopmMaHcH cHCTeMa 3a ayTOMATCKO TPEMO3HABALE €MOLMja W3 IOBOPA, MPHIHKOM 4era je
NPEATOKEHO yHANPENEHhe AHCKPETHHX CKpHBEHHX MAapKOB/LEBIHX MOAENA KOje MOJpa3yMeBa
AHTaKOBaE MOTIYHO HOBE METO/E BEKTOpCKE KBaHTH3awuje. [lopen Tora je npeanoiena HOBa
METO/a 3a PEAYKLH]Y JAHMMEH3Mja BekTopa ofenexja, Kao ¥ KOMOMHATOPHO MPAaBMIIO 3a
KOHCTPYKLM]Y MapancnHe MyATHKIACH(PHKATOPCKE CTPYKTYPE ca NPEMIOroM 3a (hOpMHUparhe
aHcambaa knacudukaropa NponsBosbHNX AnMeH3Mja. [Ipeanoxkena ynanpehema yenieajy aa
ronpase nep(opMaHce CHCTEMA 3a ayTOMATCKO [PEMO3HABANLE EMOLMja, NPH ueMy cy
IPEANIOKEHE METO/IE TIPUMELHBE H HA MHOIO LIHPH CKYN npodnema.

Kanaunar JKessxo Henelbxosuh je moxazao ¢rnoco0HOCT 3a CaMOCTaNHM HAYYHH paj, wITo
norsphyje n unmennua je o6jaBMO HEKOIMKO HAYYHHX PAjOBa KOjU Cy MPOHCTEKIM U3
HCTPAXHBarba NPHMKA3aHHX Yy OKBHPY OBC Te3€, 4 Y KOjMMa €€ I0jaBibyje Kao IPBH KOAyTOp.
Ouemyjyhu gokropeky aucepramijy, Kao 1 YHILEHHILY /1 je aHATH3HPAHH U peLuaBaHu npobaem
aKTyeJaH W CaBPeMEH, Kao M Ja cajpxu Hayune JorpuHoce, Kommucuja koHcratyje na je
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