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1. AKTyaJIHOCT Ha pa3p360TBaHI/IH B AUCEPTAIMOHHUA TPYyA l'lpOﬁ.]'[eM B HAYYHO M

HAYYHONMPUIIOKHO OTHOILICHUE

HpeHCTaBeHI/IHT AUCCPTANUOHCH TPYA TPETHUPA CAUH AKTYaJICH HpO6JICM, TACHO CBBbpP3aH C HOBH
BB3MOKHOCTH 3a ITOBUIIIaBaHE Ha KAYECTBOTO HA JUCTAHIIMOHHOTO OHJIAMH o6yquHe Ha CTYACHTU
" YYCHHIHW YPC3 NpHIaraHe Ha nmoaxo, OCHOBAaH Ha U3KYCTBCH MHTCJICKT. be3 cemHEHHE Temara
Ha JucepTauysTa, KaKTO U IMOCTAaBCHATA B HES OCHOBHA ILICII: pa3pa60TBaHe " CKCIICPUMCHTAJIHA
IIPOBEpKa HAa HOBHU MOJCIIM 3a ayJHO W BU3YAJICH KOHTPOJI MU MOHUTOPUHI' HAa PCAKIHUUTC HaA
O6y‘{aeMHTC B IIponeca Ha CJIICKTPOHHO 06yquHe, HpI/I,I(O6I/IBaT HU3KIIIOYHUTCIIHO BA’>KHO 3HAYCHUC

B HAYYHO U HAYUYHO-IIPHUJIOKHO OTHOIICHHUE 0co0€eHO B yCii0BUATa HAa CBETOBHA IMAHACMHU.

2. CreneH Ha mMo3HaBaHe CHCTOSTHHETO Ha Mpo0jeMa M TBOPYECKA MHTepPNpeTalHs Ha

JIMTepaTypHUsl MaTepual

JIoKTOpaHTKaTa € IOKa3ajla MHOro J00po IO3HaBaHE Ha CTPYKTYpUT€ Ha KOMITIOTHPHUTE
1aT(OPMH 32 OHJIAWH 00y4YeHHUE U Ha ChBPEMEHHUTE METOIM M JITOPUTMU 3a BU3EAJIEH U ayHO-
BU3yaJIeH OHJIAIfH KOHTPOJI ¥ MOHUTOPHHI Ha peaknusaTa Ha oOyuaemute. B nwpsa enasa Ha
JHcepTalusITa ca MUTHPAHW M aHAM3WPAHW M3TOYHUIM B OmOmmorpadwus, kosto obxsama S0
3arnaBus, nyonukyBanu B mepuoja ot 2003 mo 2019 r. AnanusupaHu ca KOMIIOThpHATa
atpopma Moodle, nznonsBana B Texunuecku YHuBepcutet-Codust 3a oHnaiiH 00y4eHue, ChbIio
Taka ¥ W3BECTHUTE METOJM 3a KOHTPOJ, HAOIIO/NEHWE W aHAIM3MpaHE Ha ayAnO-BU3yaTHUTE
eMOIIMOHAHN PEaKIi Ha 00yJaeMHUTe IO BpeMe Ha CecHATa 3a AMCTAHIMOHHO OOy4deHHe IO
ornpejeneHa ydeOHa aucuumiuHa. [IpencTaBeHn ca alropuTMHUTE 3a paslio3HaBaHE Ha JIMIA Ha

Viola-Jones; 3a npocnensBane Ha nuia Ha Kanade, Lucas u Tomasi (KLT) u 3a pasno3HaBane Ha



emormu upe3 Principal Component Analysis (PCA); mertoaute 3a pasmo3HaBaHe Ha TJiac,
ocuosanu Ha Mel Frequency Cepstral Coefficient (MFCC) u Dynamic Time Warping (DTW), u
3a KiacuuKalys 1 B3eMaHe Ha pelIeHHe ¢ MOMOITa Ha anropuTbMa Support Vector Machine
(SVM). B pesyarar oT HpoBeICHUS aHAIW3 W HANPaBEHHTE M3BOJM B Kpas Ha I'bpBa IiaBa
JOKTOparkata € OOOCHOBala W (OpMyJMpasa TMPaBHIHO OCHOBHHWTE 3agadyd Ha CBOS

AUCEPTAIUOHEH TPYO. PemaBaneTo Ha Te3u 3aaa4u € IMpEACTAaBCHO B CJIICABAIIUTEC 4 rnaBu.

3. CboTBeTCTBHE HA n36paHaTa METOAHMKA HAa U3CJIEeABAHE C IMoCTaBeHaTa 1EJ U 3aJa9Y4 Ha

AUCEPTANUOHHUSA TPYA

B paborara ca neduHupanu 3 OCHOBHHU 3amaud: 1) pa3paboTBaHe Ha TCOPETUYHH MOJCIH 3a
aHaJIM3 Ha ayJuo0 M BU3YaJIHHUTE pPeakiuu; 2) pa3paboTBaHEe Ha AJrOPUTMHU BH3 OCHOBA Ha
MPEUIOKEHUTE MOJICNIM, U 3) EKCIePHUMEHTAHO HW3CJIC/BAaHE W IMPOBEPKAa HAa CHOTBETHUTE
paspaboreHu anroputmu. [lomydenuTe pesynararu B paboTaTa MO3BOJISBAT Jia CE MPUEME, Y€ B
OCHOBHAaTa CH 4YacT (opMynupaHuTe 3amaud ca u3NbIHeHH. OCHOBHM HWHCTPYMEHTH 3a
U3ITBJIHEHUE HA MPEIJIOKCHUTE B padoTara Ieiu ca pa3padOTeHHUTE JBa MOJENa 332 aHalIu3 Ha
ayIuo M BH3yaJTHUTE PEAaKIMU Ha O00y4aeMHTE C IOMOINTA HAa CHCTEMara 3a pa3lo3HaBaHE Ha
emoru Emotion Recognition System (ERS), unterpupana B miarpopmara Moodle. Ot Bcuuko
Ka3aHO Cle[Ba, ue M30paHaTa METOJAMKA 3a M3CIe[BaHEe, OCHOBaHA Ha METOAMTE 3a JIULIEBO H
IJ1aCOBO pasmo3HaBaHe ¢ momoinTta Ha anroputmute Viola-Jones, KLT, DTW, PCA, MFCC u

SVM, cboTBeTCTBA HAa TOCTAaBEHUTE OOIIIA IIeJT ¥ 3a/1a41 Ha JUCEPTALMOHHUS TPY/I.

4, KpaTKa AHAJIUTHIHA XAPAKTEPUCTUKA HA €CTECTBOTO U OLICHKA HA JOCTOBEPHOCTTA Ha

MaTepHasa, BbPXy KOMTO ce rPajsiT IPHHOCUTE HA AUCEPTALMOHHNSA TPy

IIpencraBeHusT AMCEPTALMOHEH TPY ChABpKa 126 cTp., pa3zaeneHu Ha 4 ri1aBu, ¢ 6 IPUIOKEHUS.
B®B 6mopa enasa Ha nucepranusaTa B CHOTBETCTBHUE C IOCTABEHUTE 33JaYd U U3BOAMUTE OT
aHAJIMTUYHMS 0030p B ITbPBA IJ1aBa ca MPEAJIOKEHH 1Ba MOJIEIIa 33 AaHAIM3 Ha ayAUO U BU3YaJIHUTE
peakIMM Ha CTYAEHTHUTE, M3IOJ3BaHU 3a YIpaBlieHHE Ha Mpolleca Ha EJIEKTPOHHO OOy4YeHHE.
[IbpBUAT MOZEN ce OCHOBaBa HA HWHTEIWIEHTHA MpeEXa, KOATO W3I0J3Ba E€MOLMUTE Ha
oOyuaBaliys ce KaTo BXOJHU HEBPOHH, QMITPUpA T€3U €MOLMHU U B3€Ma pellleHue 3a HUBOTO Ha
YCBOsIBaHE Ha MaTepualla OT CTpaHa Ha CTyIeHTa. B chOoTBETCTBHE C BTOPHS MOAET CUCTEMATA 32
pasmno3HaBane Ha emouun (ERS) e nnterpupana B monyna Ha [IpenogaBarens. [1o To3u HauwH ce

OCUT'ypsiBa Bb3MOKHOCTTA 3a IIPUJIaraHe Ha HCBPOHHA MPCKA BbpPXY BXOJHUTC NaAHHH, OIIMCBAIIH



peakIuMuTe Ha BCEKH CTyAeHT. [IpetoskeH e Moien Ha aBToMaTi4eH npernoaasaren ,,WWorkflowE-
learningProcessAction” (WEPA) 3a eaeKTpOHHO 0OydYeHHE ¢ H3IOJI3BaHE Ha ayanO-BH3yalHO
pasno3HaBaHe HA PEaKIMHUTE Ha CTyJAeHTHUTE. B mpema 2nasa ca npencraBeHu paspadoreHute 4
QITOPUTHMA Bb3 OCHOBA HA MOJICIUTE, IPEJIOKEHH 32 ayIMOBU3YAIICH KOHTPOJ U TIPOCIIE/IIBaHe
Ha peakluaTa Ha CTYJCHTHTE B MpoOIleca Ha EJICKTPOHHO oOyueHue. B uemewpma enasa ca
MPEJCTaBEHU CKCIICPUMECHTAITHUTE PE3YATATH, KOUTO WIKOCTPUPAT (PYHKIIMOHUPAHETO HA HOBUTE
QITOPUTMHU U TIOTydeHUTE pe3ynratu. Anropurmure 3a Auto Tutor System u Emotion Recognition
System ca pa3pabotenu B cpena Ha Matlab. Bernpocute, cBbp3aHu ¢ OllCHKAaTa Ha AJITOPUTMUTE U
CpaBHEHHETO Ha pa3paboTeHaTa CUCTEMa C IPYTy NOJO0HH He ca KOMEHTHUPAHHU.

JlucepranusTa e 100pe CTpYKTypupaHa U cTapareiHo 0(hopMeHa 10 OTHOIICHUE Ha ChCTaBEHUTE
OJIOKOBHU CXEMH Ha pa3pabOTeHUTE aNrOpuTMH, rpaduku u Tabmumm. B 6 mpunoxenus ca gaaeHu:
kojmoBere Ha anroputMutre V&J m KLT 3a gerexktupane u mpociensBaHe Ha U@ OT
Bujeokaunose u Ha anroputmure MFCC, DTW, SVM 3a pa3no3HaBaHe Ha TJ1acOBH €MOIIUH,
M300paKeHUATa 3a WIKOCTpAlMsS Ha OCHOBHM O JIMIIEBM EMOIIMH, KPAaTKO OINMCAaHHE Ha

mwiargpopmara Moodle u koga na Matlab nporpamara 3a unrerpupane 8 Moodle.

5. HayyHu u/WjiM HAyYHONPHUJIOKHU NPHUHOCH HA THCEPTALMOHHUS TPy

Kakro Bede orbens3ax, B AUCEPTALUATA HE C€ ChAbPXKAT HAYyHu npurocu. Hayunonpunosxcnume
npuHOCU B Hesl MOTaT J1a ce 000OLIAT MO CIeTHUS HAUKH:

- pa3paboTeHH ca JBa HOBH MOJeJia 3a aHaJIM3 Ha ayJHO W BU3yaJTHHTE PEAKIMH Ha CTYJICHTH C
MOMOIITa HAa CHCTEMa 3a pas3lo3HaBaHE HA €MOIMHU, WHTerpupana B rmiatdopmara Moodle,
cbriacHo ¢wur. 2.2,2.3 u 2.4,

- pa3paboTeHH ca 00Ia apXUTEKTypa Ha cHcTeMa 3a paszno3HaBaHe Ha emouunn (ERS) Ha ¢wr. 2.5
U AMarpama Ha JelHocTuTe Ha ¢ur. 2.6;

- IPeUTOKEH € MojieT Ha aBToMaTrueH npenoaasarest (WEPA) B cpena 3a eeKTpOHHO 00yUeHHe
Yype3 ayJAMOBU3YaTHO PAa303HABaHE Ha peaKlMUTe Ha CTyJeHTuTe Ha ¢ur. 2.7 u 2.8;

- pa3paboreHu ca 4 anropuThbMa, OCHOBAaHM Ha JBaTa MOJeNla 3a ayJHOBHU3yaJleH KOHTPOJI U
npocyesIBaHe Ha PeaKluATa Ha CTYJCHTUTE B MpoIeca Ha eIeKTPOHHO oOy4enue (Ha ¢ur. 3.1,
3.2,3.3 u3.4) u 2 anropuThMa: 3a B3€MaHe Ha PEIICHHE B 3aBUCHMOCT OT pa3o3HaTaTa eMOIHSI
(pur. 3.7) u 3a m300p Ha cTyneHT OT ctyaeHTckara bJ] (dwur. 3.8).

Ipunoosxcnu npunocu:



- Paspaborenu ca Matlab mporpamu 3a Bu3yanHO U I71acoBO pasno3HaBaHe Ha eMonuu (Ha (ur.
4.1 u 4.2) u 3a crorBeTeH rpaduden uarepdeiic (Ha pur. 4.3 u 4.4);
- MHTerpupana e cucremaTa 3a pa3lo3HaBaHe Ha €MOIUH B IUIaT(GOPMHUTE 32 OHJIAHH 0OyueHHe

Moodle u 3a Buneokondpepeniun Webex (ua ¢ur. 4.5 u 4.6).

6. OneHka 3a cTeneHTa HA JUYHOTO Y4YACTHE HA JUCEPTAHTA B IPHHOCUTE

He cpMm 3ano3Har ¢ paborata Ha JOKTOpaHTKaTa 10 BpeMe Ha pa3pabOoTBaHETO HAa HeWHaTa
aucepTanus. 3aToBa MOSATA OLIEHKA 33 HEMHOTO JIMYHO y4yacTUe B HEs C€ OCHOBaBa caMO Ha
MIPEJCTaBEHUS CIIUCHK OT / MyOJIMKaIMHU 110 TeMaTa Ha nucepranusTa. OT Hero ce BUX/1a HEHHOTO
JMYHO y4acTue B TAX: 4 myOnukauuu ca ¢ 2 chaBTopa, U 3 Myoaukanus - ¢ 3 cbaBropa. OT TyK
clieqBa, 4e KOeUIIMEHTHT 3a OLIEHKA Ha MPUBECHH Opoil Ha camocTosiTenHu myOnukanuu e 2.07.
Cropen TO3W KOG(QUIIMEHT CTENEeHTa Ha JIMYHO YYacTHE Ha JOKTOPAHTKaTa BBB BCHYKH
youkaruu € okoiio 30 %. CraTuuTe Mo aucepTarusaTa ca myoJuKyBaHU KakTo ciensa: 1 Op. B
CHHUCaHHEeTo ,,International Journal of Computer Engineering and Technology* (unnekcupano B
Thomson Reuters), 1 6p. B ,,International Journal of Advance Research in Computer Science and
Management Studies* ¢ Scientific Journal Impact Factor 7.327 (ue chotBeTcBa Ha IF Ha Thomson
Reuters), u ocranamute 5 ca JoKiaau B COOPHHUIU OT MEXKIYHAPOIHU HAYYHU KOH(EPCHIUH.
Hanpagenure o6mo 7 myOiaukamuyu OTpa3siBaT JOCTAThYHO ITBJIHO OCHOBHOTO ChIbp)KaHUE Ha
aycepTanusaTa U OTTOBAapsAT Ha M3MCKBaHUATa 3a npunoOuBane Ha OHC "Docteur”. Mosita
Iperopbka KbM JOKTOpAaHKaTa € Jia IOJIOKM YCHIIUS 3a Jla MyOJNHWKyBa CBOWTE PE3yJiTaTd B

CaMOCTOSITEITHM HAYYHH JIOKJIAJU M CTaTUH ¢ MMIAKT akTop Ha Thomson Reuters.

7. lIpenenka Ha NyOJIMKANMUTE MO AUCEPTANMOHHUS TPY:

Hanpagenure 7 myOiukanuu o AucepTaliMoHHus Tpya ca B nepuoaa 2015 - 2020 r. u Bcuuku ca
Ha aHTIMicku e3uk: 2 cratuu B criucanus (“International Journal of Computer Engineering and
Technology” ue e ungekcupano, u “International Journal of Advance Research in Computer
Science and Management Studies” e unnexcupano B 6azure Index Copernicus, Thomson Reuters,
Mendeley, Google Scholar, u nap.; 5 cratum ca B COOpHHMIM JOKJIaau, TPEJACTABEHH Ha
MEKIyHAPOIHN HaydYHH KOH(EPEeHIInH, KOUTO ca nHaekcupanu B 6asute ACM DL, IEEE Xplore,
u np. [locouenure Tpynose no Opoit 1 MACTO Ha MyONMKyBaHe MOKPUBAT U3LSAJIO U3MCKBAHUSTA
3a mpunobuBane Ha OHC , Jlokrtop”. [lo cera He ca mpencTaBeHW NaHHU 3a [UTUPAHUS HA

MOCOYEHUTE 7 MyONMKALKU B IyOJIUKAIIMM Ha IPYTH aBTOPU Y HAC U B UyXOWHa.



8. M3nmo/13BaHe Ha pe3yJITATUTE OT JUCEPTAIUATA B HAYYHATA M COLMAIHATA MPAKTHKA
Hsma mpencraBeHu JOKYMEHTH 3a IMOCTHTHAT NPSIK MKOHOMUYECKH €(EeKT OT M3IMOJI3BAHETO Ha

PE3YITATUTE OT JUCCPTALMATA B HAyUYHAaTa U COLIMAJIHATA ITPAKTHUKA.

9. Ouenka Ha aBTOpedepaThT

Toii cboTBeTcTBa Ha M3KcKkBaHuATa Ha TY-Codus 1 0TpassiBa CbAbpP)KaHUETO Ha AUCEPTALIOHHUS
TPYA, OCHOBHUTE I10JIO’KEHHS B HETO U IOJIyY€HUTE HayYHOIIPUIIOKHH U IPUIIOKHU IipuHocu. [pu
MpeBo/ia Ha OBJITApCKU €3HK, 00ade, ca U3MOI3BAaHH HAKOW HETIPABHIIHH M3pa3d U TEPMUHU (HArp.

BEKTOPHU MATpPUIH, TIPOOH 32 3BYK, U JIp.).

10. MHeHusI, IPeNOPBHKH U OeJIeKKU

Ha npensapurennoro o0ChXkIaHe Ha TPpyJla HA 3aCEJaHUETO Ha JOKTOPAHTCKOTO YUYHIIMIIE OsX
MOJITOTBUJI MIOATOTBHJI CTAHOBHIIIE C BBIIPOCH U 3a0€IISKKHU, YaCT OT KOUTO B OKOHYATEIIHUS TEKCT
Ha JIUCcepTalysITa ca KOPUTHPaHU. 3aToBa 10 OTHOIICHHE Ha Mpe/cTaBeHaTa (PUHATHA BEPCHsl Ha
JHCEpTaNUATa UMaM CIICTHUTE OEJIEKKH U BBIIPOCH:

1. B pe3ynrarute, npeCcTaBeHH B T1aBa 4, IMIICBAT €KCIICPUMEHTAITHH JaHHU 33 U34MCIIIBAaHE HA
OOIIONpUETHTE KPUTEPUH 3a OLIEHKa Ha paboTara Ha CHCTEMaTa 3a pa3lo3HAaBaHE HA EMOIMH
(mamp. confusion matrix, precision, recall, F-mesure, u np.), nanHu 3a u30paHaTa KOHKpPETHA
CTPYKTYpa Ha U3MOJI3BaHUTE HEBPOHHU MPEXKH U 32 TIPOLIeca Ha TAXHOTO 00ydeHue. AJIrOPUTHMBT
Ha ¢ur. 3.10 He e JOCTaThUeH 3a OLIEHKA Ha IpeIkaTa OT pa3lo3HaBaHe Ha eMOIMK 0e3 JTaaeHn
(bopMyITH 32 HEHHOTO U3YKCIISIBAHE M PE3YJITaTH 32 CTOWHOCTTA Ha Ta3H rpernka. [10 Te3u mpuauHu
¢ TPY/AHO Ja CE HAlpaBH CPaBHEHHE HA PE3y/ITaTHTE C TE3U OT APYIM M3BECTHU CHCTEMH C
aHAJOTUYHO MPEAHA3HAUCHHUE 32 J]a Ce U3ACHST MPEANMCTBA Ha TIPEII0KEHAaTa CUCTEMA.

2. ®opmynupaHuTe 3 Hay4YHU HpUHOCa (pa3pabOTEHHTE JBa MOJENa Ha OHJIAH CHCTeMaTa 3a
0o0y4eHHEe M KOHTPOJ Ha ayIUOBU3YaJHHUTE pPEaKIMd Ha CTYISHTUTE; O0Illa apXHUTEKTypa Ha
cHCTeMaTa 3a pa3lo3HaBaHEe Ha eMOIMH; U JBa mojaxona WOrkflow u HeBpoHeH 3a mpoekTupane
Ha CHCTEMa 3a aBTOMaTHYEH ITPEeroJaBarell) MprueMam 3a Hay4HO-TIPHIIOKHU. 3a Jia e Ompeesin
JaJieH TIPUHOC KaTo Hay4eH € HeoOXOIUMO Jla Ce MPEeACTaBH HOBO MAaTEMAaTHUYECKO pPEIlICHHE Ha
npobiieMa, KOETO € I0OKa3aHO MaTeMaTHUECKH H/WIH MOTBBPCHO EKCIIEPUMEHTAIHO Bbh3 OCHOBA
Ha CpaBHEHHE C IPYTH M3BECTHH PEIICHUs Ha Oa3aTa Ha OOIIONPHUETH KPUTEPUH 32 OLICHKA.

3. PenakumoHHy OENeXKU O TEKCTa Ha JUCEPTaIMsATA:

3.1. BeB opmynute (2.6) u (2.7) e nomycHata HerouHOCT: BMecTo (1/n)WjX; e 3amucano 1nWjX;.

Ha ctp. 68 u 69 o3nauenuero 3a Bekropure EF u SVE TpsioBa na e 60aT 3a ;1a ce pa3andaBa OT
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cKajapHuTe BennynHHU. B paboTara He ca neduHUpaHu O3HAUYEHUS, Ype3 KOUTO Ja MOrar ja ce
pasnuyaBar cKajapy, BEKTOPU U MaTpULIH.

3.2. Homepupaneto Ha u3pasute (2.5)-(2.9) Ha ctp. 67, 68 ¢ HempaBUIHO, Thil KAaTO JIMIICBAT
bopmysu ¢ Homepa (2.1)-(2.4).

3.3. B cniucwka ¢ muTupanaTa auTepaTypa uMa MpoIrycKu, KaTo: MsCTO U TOIMHA Ha TyOJIMKYyBaHe,
CTpaHUIIM HA CTaTUATa, U T.H. Hamnp. 3a uutupanute nzrounuuu [37], [40], [41] He ca mocoueHn
TOJMHUTE HA MyOINKYyBaHETO UM.

3.4. B kpast Ha BCsKa TjaBa HE Ca MOCOYEHU B KOM OT NMYyOJMKAIMUTE Ha JIOKTOpPAHTKaTa ca
OTpa3eHu pe3yiTaTUTe, ONMCAaHU B ChOTBETHATA IJIaBa.

4. IIpenopbuBaM B ObJellIe JOKTOPAHTKATA Ja HACOYU CBOUTE YCHJIHS KBbM OIEHKA IO 00EKTUBHH
KpUTEpPUU Ha IOJIyYEHUTE PEe3yJITaTH U CPABHEHHETO UM C T€3M 3a JAPYrd U3BECTHU CUCTEMH,
0a3upaHu Ha HEBPOHHHU MPEXKH C IBIO0KO 0OyueHHe.

[Tocoyenute mo-rope OGENekKKU HE CE OTHACHT JI0 CHIIHOCTTA HA AUCEPTAIIMOHHUS TPY, a KacasT
mo-ckopo ¢dopMaTa 3a HErOBOTO MPECTaBSHE U HAKOM MPOIMYCKU M HeToyHOocTHU. [locnennure B
olpeziesieHa CTENEH ca CBbP3aHU ChC 3aTPYAHEHUTE IUPEKTHU KOMYHHUKAIIMU HA JOKTOpaHTKaTa

C HEHHUTE PBKOBOAUTECIIN MPE3 MOCICIHUTE 2 I'OJWHHU Ha ITaHACMU.

11. 3akiaro4yenue

Ot ananu3a u oLeHKaTa Ha BCHYKH IIPUHOCH U PE3YJITATH, IOJyYEHH B PELIEH3UPAHUs TPY, KAKTO
1 OT HampaBeHUTE OEIEeKKH U IPETOPBKU, MOKE /1a CE HAIlpaBU OOIIMS U3BOJI, Y€ TOM MpUTEKaBa
HEO0OXOJIMMUTE KayecTBa, KOMTO M3MCKBAT 3aKOHA 3a Pa3BUTHETO HAa aKaJEeMHYHHUS ChCTaB B
Peny6nuka bbarapus u IlpaBunnuka Ha TY-Codusa 3a npupoOuBaHe Ha HCKaHATa CTEIEH.
[Tonmyyenure B paboTaTa HAYYHONIPHIIOKHU U MPUIIOKHU TPUHOCH, EKCTIEPUMEHTAITHU PE3YNTaTH,
nyOaMKauu Mo TemaTa Ha JAWCepTalMsTa M TSAXHATa 3HAUMMOCT CUMTaM, Y€ ca JOCTaThbYHO
ocHoBaHue 3a npuckxaane Ha OHC ,,Jloktop* Ha Mar. uxx. Canma bymusa. 3aroBa npennaram
Ha yBa)KaeMHUTE WIeHOBE Ha HayuyHOTO *KypH Aa ce NPUCHEANHAT KbM MOSITa [TOJIOKUTETHA OLIEHKA

U Ja riaacysar c ,,JIA“.
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Review

on the dissertation work for obtaining the educational and scientific degree ,,Doctor”

Author of the thesis: MSc. Eng. Salma Boumiza

Title of the thesis: DEVELOPMENT OF MODELS FOR AUDIO-VISUAL CONTROL AND
MONITORING OF THE STUDENT'S REACTION THROUGH E-LEARNING

Reviewer: Prof., D.Sc., PhD, Eng. Roumen Kirilov Kountchev

1. Actuality of the problem investigated in the PhD thesis and tasks, developed in the
dissertation

The presented dissertation work treats an up-to-date problem, which is in a narrow relation with
the creation of new possibilities for increasing the quality of the remote online education of
students and pupils through applying an approach based on artificial intelligence. Beyond any
doubt, the topic of the dissertation, and its main objective - the development and the experimental
verification of new models for audio and visual control and monitoring of the reactions of the
trainees in the process of electronic education - acquire extremely high importance in respect of

scientific and scientific-application, particularly under the conditions of the today pandemic world.
2. Degree of knowledge of the problem

The PhD student showed very good knowledge of the structures of computer platforms for online
education and of the contemporary methods and algorithms for visual and audio-visual online
control and monitoring of the trainees' reactions. In Chapter 1 of the dissertation are referenced
and analyzed literature sources in a bibliography which comprises 50 titles, published in the time
period from 2003 to 2019. There is analyzed the computer platform Moodle, used for the online
education at the Technical University of Sofia, and also the famous methods for control,
surveillance and analysis of the audio-visual emotional reactions of the trainees for a selected
educational course. In the work are presented the algorithms for face recognition of Viola-Jones;
for face tracking of Kanade, Lucas and Tomasi (KLT), and for emotions recognition through
Principal Component Analysis (PCA); the methods for voice recognition, based on Mel Frequency
Cepstral Coefficient (MFCC) and Dynamic Time Warping (DTW), and for classification and
decision-taking by using the algorithm Support Vector Machine (SVM). In result of the analysis



and the conclusions given at the end of Chapter 1, the PhD student stated her grounds and
formulated correctly the main objectives of the work. Their solution is presented in the next 4

chapters.

3. Correspondence of the chosen research methodology and the set objective and tasks of the

thesis with the achieved contributions

In the work are defined 3 basic tasks: 1) development of theoretical models for analysis of audio-
visual reactions; 2) development of algorithms based on the offered models, and 3) experimental
investigation and verification of the related developed algorithms. The obtained results presented
in the work, permit to accept that in their main part, the formulated tasks are fulfilled. The main
tools used to achieve the objectives of the work are the developed two models for analysis of the
audio and visual reactions of the trainees by using the system for emotions recognition Emotion
Recognition System (ERS), integrated in the platform Moodle. From all this it follows that the
chosen investigation methodology, based on the methods for face and voice recognition by using
the algorithms Viola-Jones, KLT, DTW, PCA, MFCC and SVM, corresponds to the main
objective and the related tasks of the dissertation.

4. Short analytical characteristics of the thesis

The presented thesis comprises 126 pages, divided into 4 chapters and has 6 appendixes. In the
Second chapter, in correspondence with the established tasks and the conclusions done after the
analytical survey in the First chapter, are introduced two models for analysis of the audio and
visual reactions of the students, used in the control of the process of electronic education. The first
model is based on an intelligent network which uses the emotions of the trainee as input neurons,
filters these emotions and takes a decision for the level of learning achieved by the student. In
correspondence with the second model, the system for emotion recognition (ERS) is integrated in
the module of the tutor. In this way is ensured the ability to apply the neural network on the input
data, which represent the reactions of the student. There is also offered a model of the automatic
tutor ,,WorkflowE-learningProcessAction* (WEPA) for the electronic training, based on the
audio-visual recognition of the students' reactions. In the Third chapter are presented the
developed four algorithms based on the models, offered for the audio-visual control and tracking
of the students' reactions in the process of their electronic education. In the Fourth chapter are

presented the experimental results which illustrate the functioning of the new algorithms and the



obtained results. The algorithms for the Auto Tutor System and the Emotion Recognition System
are developed in Matlab environment. The questions related to the evaluation of the algorithms
and the comparison of the developed system with the existing other similar systems, are not
commented.

The thesis is structured well and the presentation is good in respect of the created block diagrams,
graphics and tables. In six appendices are given: the codes of the algorithms V&J and KLT for
detection and tracking of faces in video clips, and of the algorithms MFCC, DTW, SVM used for
the recognition of voice emotions; the images which illustrate six basic face emotions; brief

presentation of the Moodle platform, and the Matlab code, integrated in Moodle.

5. Scientific and applied contributions of the thesis

As it was noted above, the thesis does not have scientific contribution.

The Scientific-Applied contributions could be generalized as follows:

- Two new models are developed for analysis of the audio-visual reactions of students, by using a
system for emotions recognition integrated in the Moodle platform, in accordance with Figs. 2.2,
2.3and 2.4;

- A General architecture is developed of a emotions recognition system (ERS) shown on Fig.
2.5, and the diagram of the activities is shown on Fig. 2.6;

- A model is offered of automatic tutor (WEPA) in the environment of electronic education, based
on the audio-visual recognition of students' reactions, shown on Figs. 2.7 and 2.8;

- Four algorithms are developed, based on the introduced two models for audio-visual control and
tracking of the students' reactions in the process of electronic education (on Figs. 3.1, 3.2, 3.3 and
3.4) and two algorithms for decision taking depending on the recognized emotion (Fig. 3.7) and
for the choice of a student, from the students DB (Fig. 3.8).

Applied contributions:

- Matlab programs are developed for visual and voice recognition of emotions (on Figs. 4.1 and
4.2) and the corresponding graphic interface (on Figs. 4.3 and 4.4);

- The System for emotions recognition is integrated in the platforms for online education Moodle
and videoconferences Webex (Figs. 4.5 and 4.6).

6. Evaluation of the personal participation of the applicant in the contributions
| have no observation on the work of the applicant in the time of the development of her thesis.

This is why, my evaluation of her personal participation is based on the presented list of 7

3



publications related to thesis objectives. From it, the personal participation of the applicant is as
follows: 4 publications are with two co-authors, and three publications - with 3 co-authors. From
this it follows that the coefficient for the evaluation on the basis of the presented number of
publications is 2.07. Correspondingly, the personal participation of the applicant in all publications
is approximately 30 %. The papers are published as follows: 1 paper, in ,,International Journal of
Computer Engineering and Technology* (indexed in Thomson Reuters), 1 paper in ,,International
Journal of Advance Research in Computer Science and Management Studies* which has Scientific
Journal Impact Factor 7.327 (does not correspond to IF of Thomson Reuters), and the remaining
5 papers are in the Proceedings of international scientific conferences. The presented in total 7
publications represent full enough the main contents of the thesis and satisfy the requirements for
assigning the educational and scientific degree "Docteur”. My recommendation to the applicant is
to aim her efforts at publishing her results in individual scientific reports and papers with IF of

Thomson Reuters.

7. Evaluation of the publications on the dissertation:

The presented 7 publications related to the thesis are published in the time period 2015 - 2020, all
of them are in English: 2 papers in journals (“International Journal of Computer Engineering and
Technology” is not indexed, and “International Journal of Advance Research in Computer Science
and Management Studies” - indexed in Index Copernicus, Thomson Reuters, Mendeley, Google
Scholar, etc.; 5 papers are included in the Proceedings of international scientific conferences,
indexed in ACM DL, IEEE Xplore, etc. The number of the presented publications and the places
where they were published, fully satisfy the requirements for the obtaining of the title educational
and scientific degree ,,Doctor”. No information is given about citations of the presented 7

publications in publications of other authors.

8. Use of the achieved results of the thesis in the scientific and social practice
No documents are presented which to show economy effect from the use of the results of the thesis

in the scientific and social practice.
9. Evaluation of the abstract

It satisfies the requirements of TU-Sofia and corresponds to the contents of the thesis, the main
achievements and the obtained applied contributions. In the version translated into Bulgarian, exist

incorrect phrases and terminology (for example, "BexTopHu Matpuiu”, "nmpodu 3a 3Byk", etc.).



10. Notes and suggestions:

At the preliminary discussion on the thesis at the council of the PhD school, i prepared a
preliminary stand which contained questions and remarks, part of which were satisfied in the final
version of the thesis. On the basis of this, | have the following remarks and questions on the final
version of the thesis:

1. In the results, presented in Chapter 4, are not given experimental results about the calculation
of famous criteria for the evaluation of the system for emotions recognition (for example,
confusion matrix, precision, recall, F-measures, etc.), information about the chosen structure of
the used neural networks and about their training. The algorithm shown on Fig. 3.10 is not
sufficient to evaluate the error in emotions recognition without presenting relevant mathematical
equations and results about the error value. For this reason, the system cannot be compared with
other similar systems, or to be outlined its advantaged.

2. The formulated 3 scientific contributions (the developed 2 models of the online system for
training and control of the audio-visual reactions of the students; the general architecture of the
system for emotions recognition; and 2 approaches, workflow and neural, for the creation of a
system for automatic teaching), | evaluate as scientific-application contribution. To define a
contribution as a scientific one, should be presented new mathematical solution of the problem,
which is proved mathematically and/or is confirmed experimentally on the basis of a comparison
with other similar well-known solutions and by using universally adopted evaluation criteria.

3. Editorial remarks on the thesis text:

3.1. In Egs. (2.6) and (2.7) exists an inexactness: instead of (1/n)W;X; is written 1nW;X;. On pages
68 and 69 the vectors EF and SVE should be "bold", so that to be different from scalars. In the
thesis are not defined the symbols, used to represent scalars, vectors and matrices.

3.2. The numbering of Egs. (2.5)-(2.9) on pages 67, 68 is not correct, because there are no
equations numbered as (2.1)-(2.4).

3.3. In the list of references exist some lapses, such as: the place and the year of publishing, pages
of the paper, etc. For example, for Refs. [37], [40], [41] is not given the year of publishing.

3.4. At the end of each chapter is not referenced in which of the publications of the applicant are

presented the results, presented in this chapter.



4. My recommendation is, in her future work the author to aim her efforts at the evaluation of the
obtained results and the comparison with other famous systems based on NN with deep learning,
on the basis of objective criteria

The remarks, given above, do not concern the essence of the presented thesis, and are related
mostly to its presentation, some lapses and inaccuracies. The last, are mainly due to the difficult

communications of the applicant with her tutors in the last 2 pandemic years.
11. Conclusion

On the basis of the analysis and the evaluation of all contributions and results, presented in the
reviewed work, and also from the notes and remarks given above, follows the general conclusion
that the thesis possesses the qualities needed by the Law on the Development of the Academic
Staff in the Republic of Bulgaria and the Regulations of the Technical University of Sofia for the
assigning the corresponding degree. On the basis of the presented scientific-application and
application contributions, experimental results, related publications and their significance, I
consider that they are a good reason for the assigning the educational and scientific degree
,Doctor” to M. Sc. Eng. Salma Boumiza. This is why, | propose the reputable members of the
Scientific Jury to join my positive evaluation and to vote ,,YES*.

29.08.2021, Sofia Reviewer: ﬁ‘/

/Prof. D. Sc. R. Kountchev/
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