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BBPXY AUCEPTALMOHEH TPY/] 3a [0JlyyaBaHe Ha oOpa3oBaTeIHaTa U HayyHa CTeHeH “AOKTop”
[0 HayyHa CHELMAIHOCT: ""ABTOMAaTH3MPAHM CHCTEMH 32 00padoTka Ha nHGopMauusa 1
ynpasJjenue"
B ipodecroHaHo HanpasieHue: 5.3 KoMyHHKallMOHHA H KOMIIOThPHA TEXHUKA

ABTop Ha nucepraunoHHus Tpya: Caama bymusza
Tema Ha nucepranuoHHus TpyA: PaspaborBane Ha Moae/u 3a ayAN0-BU3yaJIeH KOHTPOJI H
MOHHMTOPHHI HA PeAKIUATA HA CTYeHTA Ype3 eJIeKTPOHHO o0y4eHuUe

Wzrorswi: pou. A-p uHK. Arata Xpucropa ManosioBa, @axyirer no TelrekoMyHUKaLUH,
Texunuecku YnusepcuteT-Codust

1. AKTyasHocT Ha pa3padoTBaHusi IpodJeM

CbBpeMeHHUTE KOMYHUKAIIMOHHM M HH(GOPMAIMOHHM TEXHOJIOTUM OCUTYpsBaT J0
HOTp€6I/ITCJ'15[ IpeaoCTaBAT U3KIIIOYHUTCIHNA Bb3MOKHOCTH 3a o0OMeH U YCBOABAHC Ha 3HAHUA,
OIUT, MOBHILIABAaHE U MPUAOOMBAaHE Ha HOBa KBanuguKanus. Te Mo3BoJsBaT MPOBEKAAHETO
Ha BUCOKOE(EeKTHUBEH yueOCeH MPOeC BB BUPTYAIHH CPEIH, HAPEUCH EIEKTPOHHO 00y4EHHE.
[IpobnemuTe Ha €IEKTPOHHOTO OOy4YeHME, CBBbP3aHM C aBTOMATHU3UMPAHETO Ha Ipolieca Ha
oOyueHue 0e3 Ja ce Hajara IOCTOSHHOTO HaOMIOJeHHEe OT IMpenojaBaTess, HaMmupa
OTpaKeHHE B AMcepTauuoHHUs Tpyn Ha Mar. Canma bymwmsa. Hayunara oGmact Ha
IPEACTaBEHUS 3a PELEH3HS UCEPTAMOHEH TPy, 0€3 CbMHEHHE, € U3KII0UYNTEITHO aKTyallHa,
ocobeno B ycnoBusra Ha Covid-19 nangemusita M € CBbp3aHa C H3CIEIBAHETO U
pa3pabOTBaHETO Ha MOJAENH 3a ayAHO-BU3yaJeH KOHTPOJI M HAONIOACHHE HA peaknuATa Ha
yU€HHKA Ype3 eIeKTPOHHO 00yUueHHE.

TemaTa Ha qUCePTAMOHHUS TPY/A NPSKO Kacae pa3padoTBaHETO HA MOJEJIH 32 ayIHO-
BH3yaJleH KOHTPOJ W Ha0/I0/leHHe HA peaKknusTa Ha Y4YeHMKA 4Ype3 eJeKTPOHHO
o0yueHmue.

2. Tlo3zHaBaHe Ha CBLCTOSIHMETO Ha NpodjeMa M TBOpPYECKa HHTepHpeTalus HA
JIMTEePaTYPHUS MaTepHuaJl

JlucepTaluoHHUsS TPYJ MOKa3Ba, Y€ JOKTOPAHTHT IMO3HAaBa J0OpE aKTyaJTHHUTE CUCTEMH 3a
o0ydeHHe B OT/AajedeHa cpelAa W HAKOM CBHIIBTCTBANIM COMTYEPHH TPHIIOKEHUS.
Jlutepatypuust o0630p ob6xBama 50 W3TOYHHIM, KHWTH, HAYYHU MyOJHMKAIMH, WUHTEPHET
caritoBe ot 2003 mo 2019 ..

Crnen HampaBeH OOCTOEH aHAJIM3 HAa HAW-TIOMYJSPHUTE METOAM 3a Pa3lo3HaBaHE Ha
nmunia Ha Viola-Jones; 3a mpocnensBane Ha nuna Ha Kanade, Lucas u Tomasi (KLT) u 3a
pasno3HaBaHe Ha emouuu upe3 Principal Component Analysis (PCA); meronute 3a
pasno3HaBaHe Ha ryac, ocHoBaHu Ha Mel Frequency Cepstral Coefficient (MFCC) u
Dynamic Time Warping (DTW), u 3a knacugukamus 1 B3eMaHe Ha pelieHre ¢ MOMOIITa Ha
anroputbMa Support Vector Machine (SVM), B kpas na ['maBa 1, mar. bBymuza o6ocHoBaBa
(dbopMyIHpaHETO Ha OCHOBHHUTE 32/1a4M HA IUCEPTALIMOHHUS TPY:

- PaspaGorBaHe Ha TeOpeTHYHM MOJAEIM 32 AHAJIM3 HAa AayAMO0 M BHU3YAJHH
PeaKI UM HA YYAIIH 32 HHTEPAKTHBEH KOHTPOJI B €J1eKTPOHHOTO 00y4YeHHe;

- PaszpaGorBane Ha ajgropuTMu Ha 0a3aTa Ha MaTeMATHYeCKUTE MOJeJIH,
NMpeIJIOKeHH 32 ayHOBH3yajeH KOHTPOJ M MOHHTOPHHI HA PeaKIMATA HA y4alius
Yype3 eJIeKTPOHHO 00yueHme;



- ExcnepuMeHTATHM WH3CJeABaHMA 3a pa3padoTBaHe HAa AJTOPUTMH 32
ayiMoBH3yaJleH KOHTPOJI M MOHHMTOPHMHI HAa peaklUMHTe Ha YYeHHLHTe B cpegara 3a
€JICKTPOHHO o0y4eHue.

PemaBanero Ha Taka NPEACTAaBEHUTE 3aJadyd HA JUCEPTALMOHHUSA Tpyd €
IIPEJICTABEHO B CIEABAILUTE 4 TIIaBU.

3. CroTBeTCTBHE HA M30PAHATAa METOJAMKA HA M3CJE[ABAHE C IOCTABEHATA 1eJl U 321241
HA IUCePTALUOHHHUSA TPY]

B rmaBa 1 Ha npucepranuoHHMS Tpyn ca AeQUHHpPAHU 3 OCHOBHHU 3alaydl H
MOJTyYCHUTE CKCIICPUMEHTAIIHN PE3YJITaTH MPEAIoiaraT, 4Y¢ B OCHOBHATa CH 4YacT Taka
dbopMynupaHUTe 3a7aud ca M3MBJIHEHU. Pa3paboTeHH M TpeacaTBeHH B IUCEPTALUMOHHUS
TPy ca JBa MOJIeJia 3a aHaJu3 Ha ayJr0 ¥ BU3YyAIHUTE PEAKIIMU Ha 00ydaeMuUTe ¢ TIOMOIIITa
Ha CHCTeMara 3a paslo3HaBaHE HA €MOILIMU, MHTETpHpaHa B Iuiardopmara 3a €IeKTPOHHO
oOyuenue Moodle. Ot mnpeacraBeHuTe pe3yiATaTH M HAyyHU IyOJUKAllUK Clie[Ba, 4Ye
pa3zpaboTeHHTe MOJENTH 3a M3CJe/IBaHe, OCHOBAaHA HAa METOAWUTE 3a JIMIIEBO U TJAcCOBO
pasmno3HaBaHe ¢ momoinra Ha anroputmute Viola-Jones, KLT, DTW, PCA, MFCC u SVM,
CHOTBETCTBAT HA MMOCTABCHUTE 33/Ia4H HA JUCEPTAIIOHHUS TPY.

4. KpaTka aHAJMTHYHA XapaKTePUCTHKA HA eCTECTBOTO M OLIEHKA HA JOCTOBEPHOCTTA
Ha MaTepHaJia, BbPXY KOWTO ce rpaasiT IPMHOCHTE HA IMCEPTALMOHHUS TPY/

Tpynst cpabpka 126 crpanunu ¢ Gurypu u Taduumy u 6 npuioxenus. Toil BKiIrouBa 001110
4 rnaBu. B kpas Ha pabortarta ca GopMmynHpaHu HNPUHOCUTE U MEPCIEKTHBHUTE 3a Obielia
paboTa, U ca NPUWIOKEHU CHUCHUM Ha M3MOJ3BAaHATA JUTEpaTypa, Ha IMyOJMKAIUUTE I10
IHcepTanusaTa, ¢ ydacThe Ha JOKTopaHTa. He ca mpepcraHw M3MON3BaHU CHKPALICHUS H
O3HAYEeHMs, HO UM OTJIEJIHO OIMCAaHuE Ha QUTypuUTe.

B kpas nHa ['maBa 1 Bb3 OCHOBa Ha HampaBeHUsl 0030p, aBTOPBT CU MOCTABS HAKOJIKO
LIEJIM M 3a]1a44 32 U3bJIHEHNE, Ha KOUTO C€ JaBa OTTOBOP B CJIEBAILIUTE IJIaBU.

B I'maBa 2 ce pa3paboTBaT JBa MoOJieNa 3a aHAIN3 Ha ayIuo0 ¥ BU3YAJIHU PEaKIH Ha
yuaiy, Oa3WpaHM Ha pa3lo3HaBaHe Ha eMmouuu. [IbpBUST MOJen ce OcHOBaBa Ha
MHTEJMTeHTHA MPEka, KOSITO U3I0JI3Ba eMOIIMUTE Ha 00yJyaBalus c€ KaTo BXOJHU HEBPOHH,
bunTpupa Te3M eMOIMH U B3eMa pellIeHre 3a HUBOTO Ha YCBOsIBAHE Ha MaTepuaia OT CTpaHa
Ha CTyJeHTa. B chOTBETCTBHE C BTOpHUS MOjEJ, CHCTEMaTa 3a pa3lo3HaBaHE HA €MOLUU €
WHTETpUpaHa B MOJyJa Ha OT CTpaHa Ha NpernojaBarels, KONTO MOXe [a Npocienu
peakiuuTe Ha BCEKHU CTyZAeHT. [IpemiokeHa € U Bb3MOXKHOCT Jla CE aBTOMATH3Hpa poJisiaT Ha
npenoxasatens: ,,WorkflowE-learningProcessAction® 3a  enekTpoHHO oOydeHHe C
M3II0JI3BaHE HA ayTUO-BU3YaJTHO Pa3ll03HABaHE HA PEAKI[MHUTE Ha CTYJCHTHUTE.

B rmaBa 3 ce paspaboTBaT anroputMu Ha 0a3aTa Ha MaTeMaTHUYeCKH MOJENH,
MPE/UIOKEHN 3a ayJWOBH3YyaJeH KOHTPOJ M MOHHUTOPHMHI Ha peaklusATa Ha ydJamius 4pe3
€JIEKTPOHHO O0yUYeHHeE.

B rnaBa 4 ce nmpencTaBs eKCIEPUMEHTAIHO U3CIIEeBAaHE Ha Pa3paOOTBAHHUTE aJITOPUTMHU

3a ayJUOBH3YyaJieH KOHTPOJ U MOHHTOPHUHT Ha PEaKIMUTE HA YUYCHUIUTE 4Ype3 €JEKTPOHHO
o0y4yeHHe U 3aKJIIOYEHHE BbPXY MpeACTaBeHATUTE pe3ynTaTH. [IpejcTaBeHuTe aNropuT™Mu ca
paspabotenu B cpeaa Matlab, kaTo He ca HampaBeHH ISUIOCTHA OIIEHKATa Ha aJrTOPUTMHUTE U
CpaBHEHHE Ha MpeIJIoKEeHaTa CUCTEMa C IPYTH Be4e ChIECTBYBAIIIH.
B npunokenusita ca JaaeHH KOJOBETe Ha ajiroputMurte Ha Matlab 3a nerextupane u
Mpociie/iiBaHe Ha JHUIla OT BuieokiaunoBe u Ha anroputmute MFCC, DTW, SVM 3a
pasno3HaBaHe Ha TJACOBH E€MOIIMM; W3IMOJI3BAaHUTE TECTOBU H300paKEHHS C OCHOBHU 6
JUIICBU €MOITMH; KpPaTKo onucanue Ha tuiargopmara Moodle n xoma Ha Matlab nmporpamara
3a unTerpupane B Moodle.



5. HayyHu u/ujM HAyYHONPHUJI0KHU NPHHOCH HA THCEPTALMOHHMSA TPYA

Hucepramusata WMa TNPWIOKEHH XapakTep M TMPUHOC B TMOCOKa pa3paboTkara Ha
aBTOMaTH3HMpaHa CUCTEMa 32 eJIEKTPOHHO O0YyYEHHE.
OcHOBHHMTE TNPUHOCH Ha JUCEpTAlMATA WUMAT OCHOBHO HAYYHOIIPWJIOKEH M TPUIOKEH
XapakKTep W MOTaT J1a ¢ce 000O0IIAT MO CIASAHUS HAYHH:

a) HayuyHOmpuaoXHHTE TPUHOCH
- pa3paboTeHH ca JiBa HOBH MOJIeJIa 33 aHAIN3 Ha ayIn0 ¥ BU3yaJHUTE JaHHU HA CTYJCHTHU C
MIOMOIITA Ha CHCTEMa 3a pa3lo3HaBaHE Ha €MOLMH, MHTerpupaHa B uardopmata Moodle,
cbriacHo ¢ur. 2.2,2.3 u 2.4;
- Ipe[JIoKeH € Mojen Ha aBTomaTtnueH npernonaBaten (WEPA) B cpena 3a enekTpoHHO
oOydeHue 4pe3 ayAuOBU3YyATHO pa3lO3HABAHE HA PEAKIUUTE HA CTyAEeHTUTE Ha ¢ur. 2.7 u
2.8;
- pa3paboTeHu ca 4 anropuThMa, OCHOBaHW Ha JBaTa MOJela 32 ayJIHOBH3YyaJeH KOHTPOI U
IpoclieisiBaHe Ha MOBEACHUETO Ha CTYIEHTHTE B IIpolieca Ha eJEKTPOHHO o0y4yeHue (Ha ur.
3.1, 3.2, 3.3 u 3.4) u 2 anropurhMa: 3a B3eMaHe Ha PEUICHUE B 3aBUCHUMOCT OT pa3lo3Harara
emonus (¢ur. 3.7) u 3a u3060p HA CTYJEHT OT CTyACHTCKaTa 0a3a aanuu (¢ur. 3.8).

b) IMpuaoxHU IPUHOCH:
- Pa3paborenu ca Matlab nporpamu 3a Bu3yallHO M IJIaCOBO pa3lO3HAaBaHE Ha eMOIMH (Ha
¢ur. 4.1 u 4.2) cbe croTBeTeH rpaduueH uurepdeiic (Ha ¢ur. 4.3 u 4.4);
- Hurerpupana e cucremara 3a pas3lo3HABaHE Ha €MOLMHU B IUIATGOPMHUTE 3a OHJIANH
obyuenre Moodle u 3a Buneokondepennuu Cisco Webex (ua ¢wur. 4.5 u 4.6).

6. Onenka 3a cTeneHTa HA JINYHOTO Y4ACTHE HA JMCEPTAHTA B IPMHOCHUTE

[IpenoctaBeHMAT MU 3a pELEH3Us JUCEPTALMOHEH TpPyA OE€3CHOPHO ChIbpXkKa HAyYHO-
MPUJIOKHU U IPUJIO’KHU IPUHOCH, KaTo Te ca MpeICTaBeHu Ha HaydyHH Gopymu B bbarapus u
qy)kOMHa M ca TOJXy4YMJIM HeoOXoaumara IyOJIMYHOCT M ca OWIM pELEeH3UpaHud OoT
He3aBUCUMHU peleH3eHTu. [lo naucepranmsra ca HampaBeHM oOwmo0 7/ myOJuKauuud B
ChaBTOPCTBO, OT KOMTO 1 Ha (peHCKH e3MK, OCTaHAINTE Ha aHIIMHCKHU e3uk. OT Te3u
myOnuKanuu, 5 ca WHACKCUpaHu B 6a3zaTta SCOPUS, KaTo CIe/ ClpaBKa B HEs, HAKOU OT TSAX
BEUE Ca TCHEpUpPAIM M MHOXKECTBO IMTATH, KOETO JOKa3Ba MPWIOKHMOCTTa Ha
JIUCEPTAllMOHHUS TPy M OLIEHKaTa Ha MeXIyHapoaHaTa Hay4yHa OOIIOCT 3a IpHUHOCAa Ha
IMCepTAaLMOHHUS TPy U paboTaTa Ha IOKTOPAHTA.

7. Ilpenenka Ha NyOJIMKANMUTE 110 AUCEPTALMOHHMSA TPy

Ilo pucepramusTa HsAMa HANpaBeHM caMoOCTOSTeNHU nyOnukanuu. Hanpasenure 7
MyOJIMKAIMU TI0 TUCEePTAIMOHHUS TPy ca B mepuoaa 2015 - 2020 r.: 2 cratuu B CIIUCAHUS
“International Journal of Computer Engineering and Technology” u “International Journal of
Advance Research in Computer Science and Management Studies”; 5 ctatuu ca B COOpHUIH
JOKJIaJU, TIPEJICTABCHN HA MEKYHAPOHU HAyYHU KOHPEPEHIIUU. 5 OT Te3W IMyOJMKAIUU ca
uHAekcupanu B 0azara Scopus. Ilocouenure TpymoBe mo Opodl W MsCTO Ha MyOTUKyBaHE
MOKpHBAT M3LsUI0 U3UCKBaHUATA 3a npuaodusane Ha OHC ,,JlokTop”.

8. U3nmoJsi3BaHe HA pe3yJITATHTE OT IMCEPTANUATA B HAYYHATA U COLUATHATA NMPAKTHKA
Hsama

9. MHeHus1, MPeNOPbKU U 0eJIesKKH

Z[HCGpTaHT’bT € JOCTUTHAJI OO0 HWHTCPCCHU HAYYHO-IIPUIIOKHU PE3YyJITATH. O‘ICBI/I)IHO €
roJIAMOTO I10JIC 3a TAXHOTO IMPAKTUYCCKO MPUIOKCHNUEC BbB BCCKUIHCBHUSA JKUBOT.



Enna ot mpenopbkute KbM Mar. bymusa e na mpenctaBu pa3paboTKaTa CH 3a TECTBAaHE U
U3IO0J3BaHE 3a HYXKIUTE€ Ha M30paH OT Hesd (pakylTeT W JAa BaIUAUPA PE3yNTaTUTE OT
JHcepTaLusaTa B peaH yCIOBHSL.

Ha mnpenBaputenHoTo 0oOCHKAaHE Ha TpPyJa Ha 3acEJaHUETO Ha JIOKTOPAHTCKOTO
YUWINIIE TPEJACTAaBUX PEICH3MS C BBIPOCH M 3a0CNEKKH, YaCT OT KOUTO B OKOHYATEITHHUS
TEKCT Ha JUCEpTaIMsITa Ca KOPUTHpaHHU. 3aTOBA 10 OTHOIICHHWE HA MpejcTaBeHaTa (huHaIHA
BEpCHUs Ha TUCEPTAIMATA KMaM CIICAHUTE OCJICKKH U BBIIPOCH:

a) Kak npeacraBenure Mmozenu ¢ uaTerpanus kbM Moodle naBat Bb3MOXHOCT B peaiHo
BpeMe Ja Ce JCTCKTHPAT, OTACIIAT U WICHTUDUITUPAT JIUIA U Pa3Mo3HABAT EKCIIPECHH
Ha €IMH WM HAKOJKO yJaru?

b) B rnama 2, touka I1.3.2. MoaenbT 3a pasno3HaBaHe Ha riracoBu emonuu (Le modéle
de reconnaissance des émotions vocales) e o00sBeHO, Ye IE CE€ M3IOI3BAT
koedummentute Ha Men (Mel FrequencyCepstral Coefficient) 3a pa3mo3znaBane Ha
emoruu ot peueu curnanu. B [M. E.Ayadi, M. S. Kamel, and F. Karray, “Survey on
speech emotion recognition: Features, classification schemes, and databases”, Pattern
Recognition, vol. 44, issue 3, pp. 572-587, 2011.], aBTOpWTe QO0Ka3BaT, ue
MPABWIHUAT W300p Ha TMPU3HAIM 32 Pa303HABAHE HA €MOIUS B PEUTa CHIIHO 3aBHCH
OT eCTeCTBOTO Ha KOHKpeTHaTra KiacupuKaluoHHa 3adada. Hampumep, ako
pasmiename KiacupuKanuaTa HAa apEKTUBHU CBHCTOSIHMSI C BHCOKM HHBa Ha
aKTUBUpAHE CIPSMO TaKWBa C HHCKO HHBO, OOMKHOBEHO HEMPEKHCHATH (PYHKIIHH,
0a3upaHy Ha TOH WJIM BHCOYMHA HA IJIaca ce M3IOJ3BAT 3a ommcanue. CMara ce, 4e
MO-CJIOKHUTE 33aJ]a4¥ U3UCKBAT MOJXOM, HAATPaAeH BbPXYy KOMOUHAIHS OT pa3IuyHU
BujoBe ¢yHkiuu. Ha kakBO OCHOBaHME ce mpejyiara Ja ce M3Moj3Bar camo Men
koepunueHTuTe? 3amo HE Cce HM3MON3BAT KENCTPAIHU KOS(UIMEHTH, CIECKTPaTHH
94EeCTOTH, CHEPTHS U JIP.

C) B 1wucepranMOHHUS TPy HE C€ TPEACTABAT KOJIUYECTBEHH pE3yATaTH OT
pa3mo3HaBaHETO HA CKCIPECHH W MYJITHMOJAHATA KOMOWHAIUATA OT IJIac U JIUIE
kato Harp. confusion matrix, precision, recall, F-measure, u mp.

HanpaBeHHTe 3a0eJIe’KKA He OMaJIOBakaBaT 3HAYMMOCTTA Ha PE3YITATUTC.

10. 3axiaouenue

HMucepranusta Ha Canma bymusa ce oTiinuaBa ¢ peauiia J0CTOMHCTBA B €KCIIEPUMEHTAIHO-
npuiokeH rmiaH. Karo 110 aucepTallMoOHHUAT TPYH H3/4aBa J00pa KOMIIETEHTHOCT I10
MOCTaBCHATa TEMAaTHUKa W CJIeJI HANpaBEHUTE 3a0ClIeKKW W KOMEHTATH I OTroBaps Ha
n3uckBanusaTa Ha 3PACPB u na IpaBunauka vHa TY-Codus 3a npunaraseto Mmy. Bb3 ocHOBa
Ha TOPENOCOYCHUTE JIOCTOMHCTBA W TPUHOCH HA JUCEPTALMOHHUS TPYJ, CUMUTaM, 4e ca
JIOCTaThYHO OCHOBaHHWE 3a npuchbxkaane Ha OHC ,JlokTop® mo HayyHata CHEUMAIHOCT ,,
ABTOMATH3UpaHU CUCTEMH 3a 00paboTka Ha WHQOpPMAIUs M yNpaBiICHHE HAa Mar. WHXK.
Canma Bymwmza. 3aToBa mpeanaraM Ha yBakaeMUTE 4djieHoBe Ha HayuHoTo Xypu na ce
MPUCHEAUHAT KbM MOSITA TIOJIOXKHUTEIIHA OIIEHKA U J1a TJiacysar ¢ ,,JIA®.

27.08.2021 r. Tloamuc:
/mot. n-p Arara ManosoBa/



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: assoc. prof. Agata Hristova Manolova, PhD, Faculty of Telecommunications,

Technical University of Sofia

1. Actuality of the problem investigated in the PhD thesis and tasks, developed in
the dissertation
Modern communication and information technologies provide the user with exceptional
opportunities for exchange and acquisition of knowledge, experience, improvement and
acquisition of new qualifications. They allow for a highly effective learning process in virtual
environments called e-learning. The problems of e-learning, related to the automation of the
learning process without the need for constant monitoring by the teacher, is reflected in the
dissertation of Salma Bumiza. The scientific field of the dissertation submitted for this review
is undoubtedly extremely relevant, especially in the context of the Covid-19 pandemic and is
related to the research and development of models for audio-visual control and monitoring of
student response through e-learning.
The topic of the dissertation directly concerns the development of models for audio-
visual control and monitoring of the student's reaction through e-learning.

2. Degree of knowledge of the problem

The dissertation shows that the doctoral student is well acquainted with current e-
learning systems and some related software applications. The literature review covers 50
sources, books, scientific publications, websites from 2003 to 2019.

After a thorough analysis of the most popular face recognition method Viola-Jones;
face tracking of Kanade, Lucas and Tomasi (KLT) and expression recognition through
Principal Component Analysis (PCA); voice recognition methods based on Mel Frequency
Cepstral Coefficient (MFCC) and Dynamic Time Warping (DTW), and for classification and
decision making based on the Support Vector Machine (SVM) algorithm, at the end of
Chapter 1, miss Bumiza justifies the formulation of the main tasks of the dissertation:

- Development of theoretical models for analysis of audio and visual reactions of
students for interactive control in e-learning environment;

- Development of algorithms based on mathematical models proposed for audiovisual
control and monitoring of the learner's reaction through the e-learning process;

- Experimental research of the developed algorithms for audiovisual control and
monitoring of students' reactions in the e-learning environment.

The solutions of the presented tasks of the dissertation are described 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

Chapter 1 of the dissertation defines 3 main tasks and the obtained experimental
results suggest that in general terms the tasks formulated in this way are fulfilled. Developed
and presented in the dissertation are two models for analysis of audio and visual reactions of
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students using the emotion recognition system integrated into the e-learning platform
Moodle. From the presented results and scientific publications it follows that the developed
research models based on the methods of facial and voice recognition using the algorithms
Viola-Jones, KLT, DTW, PCA, MFCC and SVM, correspond to the tasks of the dissertation.

4. Short analytical characteristics of the thesis

The dissertation contains 126 pages with figures and tables and 6 appendices. It
includes a total of 4 chapters. At the end of the dissertation, the contributions and
perspectives for future work are formulated, and lists of the used literature, of the
dissertation’s publications, with the participation of the doctoral student are attached.
Abbreviations and notations used are not presented.

At the end of Chapter 1, based on the review, the author sets several goals and
objectives for implementation, which are answered in the following chapters.

Chapter 2 two models for analyzing audio and visual reactions of learners based on
emotion recognition are presented. The first model is based on an intelligent network that
uses the learner's emotions as input neurons, filters these emotions and decides on the
student's level of content understanding. According to the second model, the emotion
recognition system is integrated in the module by the teacher, who can track the reactions of
each student. It is also possible to automate the role of the teacher: "WorkflowE-
learningProcessAction™ for e-learning using audio-visual recognition of students' reactions.

Chapter 3 algorithms based on mathematical models proposed for audiovisual
control and monitoring of the learner's reaction through e-learning are described.

Chapter 4 presents an experimental study of the developed algorithms for
audiovisual control and monitoring of students' reactions through e-learning and a conclusion
on the experimental results. The presented algorithms are developed in Matlab environment,
but a complete evaluation of the algorithms and comparison of the proposed system with
other existing ones have not been made.

The appendices provide the codes of Matlab's algorithms for detecting and tracking
faces from videos and of the MFCC, DTW, SVM algorithms for recognizing voice emotions;
used test images with basic 6 facial emotions; a brief description of the Moodle platform and
the code of the Matlab program for integration into Moodle.

5. Scientific and applied contributions of the thesis

The dissertation has an applied character and contribution towards the development of
an automated e-learning system.

The main contributions of the dissertation are mainly scientifically applied and
applied in nature and can be summarized as follows:

a) Scientifically applied contributions

- Two new models for analysis of audio and visual data of students have been
developed with the help of an emotion recognition system integrated in the Moodle platform,
according to fig. 2.2, 2.3 and 2.4;

- a model of an automatic teacher (WEPA) in an e-learning environment through
audiovisual recognition of the reactions of the students in fig. 2.7 and 2.8 is described;

- 4 algorithms have been developed, based on the two models for audiovisual control
and tracking of students' behavior in the e-learning process (in Fig. 3.1, 3.2, 3.3 and 3.4) and
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2 algorithms: for decision making depending on the recognized emotion ( Fig. 3.7) and for
selecting a student from the student database (Fig. 3.8).

b) Applied contributions:

- Matlab programs for visual and voice recognition of emotions have been developed
(in Fig. 4.1 and 4.2) with a corresponding graphical interface (in Fig. 4.3 and 4.4);

- The system for recognizing emotions in the online learning platforms Moodle and
for video conferencing Cisco Webex is integrated (in Fig. 4.5 and 4.6).

6. Evaluation of the personal participation of the applicant in the contributions

The dissertation submitted to me for review undoubtedly contains scientific-applied
and applied contributions, as they were presented at scientific forums in Bulgaria and abroad
and received the necessary publicity and were reviewed by independent reviewers. A total of
7 co-authored publications were made on the dissertation, of which 1 in French language, the
rest in English. Of these publications, 5 are indexed in the Scopus database, and after
reference in it, some of them have already generated numerous citations, which proves the
applicability of the dissertation and the assessment of the international scientific community
for the contribution of the dissertation and doctoral work.

7. Evaluation of the publications on the dissertation

No independent publications have been made on the dissertation. The 7 publications
on the dissertation were made in the period 2015 - 2020: 2 articles in the journals
“International Journal of Computer Engineering and Technology” and “International Journal
of Advance Research in Computer Science and Management Studies”; 5 articles are in
collections of papers presented at international scientific conferences. 5 of these publications
are indexed in the Scopus database. The indicated works by number and place of publication
fully cover the requirements for acquiring title educational and scientific degree ,,Doctor”.

8. Use of the achieved results of the thesis in the scientific and social practice
None

9. Notes and suggestions

The dissertation has reached interesting scientific and applied results. Obviously, there
is a large field for their practical application in everyday life.

One of the recommendations to Miss Bumiza is to present her developed system for
testing and use for the needs of a faculty of her choice and to validate the results of the
dissertation in real conditions.

At the preliminary discussion of the work at the meeting of the doctoral school I’ve
presented a review with questions and comments, some of which in the final text of the
dissertation are corrected. Therefore, regarding the presented final version of the dissertation
I have the following notes and questions:

a) How do the presented models with Moodle integration allow real-time detection,
tracking and identification of faces and recognition of expressions of one or more learners?

b) In Chapter 2, point 11.3.2. The Voice Emotion Recognition Model (Le modele de
reconnaissance des émotions vocales) is announced that Mel FrequencyCepstral Coefficient
will be used to recognize emotions from speech signals. In [M. E.Ayadi, M. S. Kamel, and F.
Karray, “Survey on speech emotion recognition: Features, classification schemes, and
databases”, Pattern Recognition, vol. 44, issue 3, pp. 572-587, 2011.], the authors prove that
the correct choice of features for recognizing emotion in speech strongly depends on the
nature of the specific classification task. For example, if we consider the classification of
affective states with high levels of activation versus those with low levels, usually continuous
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functions based on tone or pitch are used for features. It is believed that more complex tasks
require an approach built on a combination of different types of functions. On what grounds
is it proposed to use only Mel coefficients? Why not use ceptral coefficients, spectral
frequencies, energy, etc.

c) The dissertation does not present quantitative results from the recognition of
expressions and the multimodal combination of voice and face such as. confusion matrix,
precision, recall, F-measure, etc.

The remarks made do not diminish the significance of the results.

10. Conclusion

Salma Bumiza's dissertation has a number of merits in the experimental application.
In general, the dissertation issues good competence on the set topic and after the remarks and
comments will meet the requirements of the Law on the Development of the Academic Staff in
the Republic of Bulgaria and the Regulations of TU-Sofia for its implementation. Based on the
above-mentioned merits and contributions of the dissertation, | 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®. .

27.08.2021 Member of scientific jury:
Sofia /assoc. prof. Agata Manolova, PhD/



