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Tema Ha auceprtaumnonHus Tpya: NoaobpsaBaHe Ka4eCTBOTO Ha BbINPUATUE B BE3IKUYHK
MpeX¥ OT CNefBallo NOKONeHue Ype3 MaluHHO obyyeHune

YneH Ha Hay4HOTO Xypu: npod. A-p urXK. CtaHumup CaguHos

1. AxrtyanHocT Ha pa3paboTBaHMA B QUCEPTAUMOHHUA TPYA npobnem B8 HayuHo
¥ HaYyYHONPWNOXHO OTHOLIEHKE.

Temata 3a npunarade Ha b6e3axudHn Mpexu 3a noaobpssaHe KayYecTBoTo Ha
uaxuenasaHeTo (QoE) e aktyanHa u uHTepecHa. buaewmnre GeaxuyHn mpexu (FWN) Tpadea
Aa NoaabPXKaT HenpeKbCHATO passuealluTe ce ¥ pa3HooBbpasHK HYyXOW OT CBbP3aHOCT Ha
HOBOBb3HUKBALLUTE BEPTUKANHU MHAYCTPMM B OBGnactta Ha MeauuTe W pa3sBfeYeHuATa,
37paBeona3saHeTo, NPoU3soACTBOTO, aBTOMOGUNOCTPOSHETO, EHEPIeTUKaTa, UHTEPHET Ha
Hewata (loT), okonHata cpepa w obujectBeHata OGesonacHocT. Takasa wWwupoxa u
XeTeporeHHa rama OT yCcnyrv W YyCTpOMCTBa M3uCKBa pa3paboTBaHEeTo Ha TbBKaBUM W
Mailiabupyemun MODUNHW MDEXW, KOUTO C2 B CbCTOSHUE Aa OTTOBOPST HAa PaanuuuuTe
nancksaHusa 3a kavecTeo Ha ycnyrata (QoS), 32 aa OCUrypsaT 3a00BONWUTENHU HUBA Ha
Ka4yecTeo Ha uaxusasaHeTo (QoE).

B HayyHO-NMPUNOXKHO OTHOLWIEHWS B AUCEPTAUMOHHUA TPYA €2 pelleHn MHOXECTso
3afjaun, cebp3aHu ¢ paspaboTka Ha UsNOCTHa mertoaonorust 3a nogobpssade Ha QoE s
FWN upe3 uHTerpupaHe Ha wuakycTBeH wuHTenext (Al) B MpexoBuTe onepauwn 3a
ONTUMMU3UPAHE Ha TAXHaTa npouasoauTenHocT. Mpexosute onepauuwu, GaaupaHun Ha
W3KyCTBEH WHTenexT, ca uHTerpupanu B Open RAN apxutektyparta, 3a ga nogawpxar
pa3nuuyHK cnyuan Ha ynotpeba ¢ xeTeporeHHW W3uckeaHus 3a QoS no oTHOoWeHwe Ha
YeCTOTHa neHTa, NareHTHOCT, 3aryba Ha nakety v TpenTeHe. lNpeacrasenu ca pazpaboTeHn
anroputMu 3a mawumnHHo obyvenue (ML), 3a aa ocurypsT aBTOMaTU3NPEHO NPOrHO3NpaHe Ha
MpexoBus Tpaduk U oNTUManHO pasnpegeneHue Ha pecypcute. MNpeanoxeHuTe METOOUKK
CTBLNBAT CbC CLBPEMEHHM KOHUEAUMK U NOAX0AN B MaLWMHHOTO 0ByYyeHue, pasno3HasaHeTo
¥ knacudukaumsTa.

2. Ctened Ha no3HaBaHe CbLCTOAHMETO Ha npobnema W TBOpYecka
WHTEpNpeTaLuMAa Ha NUTEPaTyPHUA Marepuan.

[ucepTauuoHHUAT TPYA BKMOYBa BNaronapHOCTU Ha aBTopa, CbAbpXKaHWe, CnMCHUM
Ha durypy, Tabnuuu, Ha CbKpawleHus, Ha O3Ha4YeHus, BbBeAeHue, aeceT rMmasu 33
pewasaHe Ha (HOpMyNMPaHUTE OCHOBHW 3ajjayu W 3aKkni4eHue, aBTopcku nyGnukauuu no
AVCEPTALMOHHUTE U3CTIeABaHNUS, CIUCHK Ha UMTUPAHUSATZ U U3N0on3saHa nuTepaTtypa, KosTo
cuabpxa 440 HayyHU M3ITOMHWKE. B aWcepTauMoHHMA Tpyd ca uMtupaxu u 8 nybnukauwm Ha
AOKTOPaHTBT, Ypes KOWTO NOMy4eHWTe pesynTati ca craHanu [OCTOsHWE Ha HayvHaTa
obwHocT, Beuuykn nuTepatypH¥ M3TOuHMUM ca nogbpanw Taka, Ye 4a oTpasssar
CbBPEMEHHWUTE Hay4HW OOCTWXKEeHWA B obnacTra Ha TemaTvkaTta Ha AUCepTaUMOHHWUS Tpya.
LUMtpasu ca cratuM OT asTOPUTETHWM Hay4HW CNUCaHWUA, KOHMEepeHUMW W KHUM.
U3sbplieHUaT ananuTuyeH o630p NO3BONABa Ha AOKTOPaHTLT Aa AeuHUPa KOPEeKTHO
UenTa v OCHOBHUTE 3agadu 3a u3cnegsaHe, KOUTO TOW pellasa yCnewHo B OTAenHuTe
rnasm.



3. Cwnorsercreve Ha u3GpaHaTa MeTOAUKA Ha W3CNeABaHe U NOCTABEHATa Uen u
334341 Ha AUCEepPTaLMOHHUA TPYA C NOCTUrHATUTE NPUHOCH.

MeTtoaute 3a wuacneasaHe ca o06ocoBeHM OCHOBHO B OTOENHUTE [N1&@BU, KaTo
CUMyNauMoHHK W ekcnepuMeHTaniu. MNpeacraseH e UANOCTeH aHanus Ha oueHkaTta Ha QoE
3a MyNTUMEUIAHN yCnyrv, OPUEHTUPAHWU KbM MPUNOXEHUETO, ChC cneuumaneH Gokyc Bupxy
NPUNOXeHUsTa 3a BUPTyanHa peanHoCcT W BUAEO CTPUAMMHI Ha Wrpu. B TO3M KOHTEKCT e
npeaocTaseHa AedmHuuMATa Ha QOE 3a MynTUMeawiHW yCriymM v ca aHanuaupanv Tpute
eTana Ha ynpasnenne Ha QoE. Ocasen ToBa e npepgcraBeHa knacuukauws W aHanua Ha
Han-BaXHUTE OKa3aTeny 3a Ka4ecTsO MO OTHOWEHWE Ha cyBekTuBHa u obeKTUBHA OLeHKa
Ha QOE, Kakto W wu3cneaeaHe Ha METOOONOMMUTE 3a@ OUEHKA Ha TsxHaTta pabota u
MatemMaTudeckuTe MOLENU 33 Kopenupade Ha napametpute Ha QoS cuCc CTOMHOCTUTE Ha
QoE. PesyntaTuTte ca pasTb/iKyBaH! 1 Ca AONPWHECTN 338 CHCTABAHETO Ha MOAENN, METOaM
¥ noaxoau 3a pewenus npu o6paboTka Ha uHopMauMsTa, KaTo aucepTauusTa nogYepTasa
3HaueHueTo Ha ML 3a paspabotsaHeTo Ha eheKTUBHU MOAenu 3a nporHoaupaxe Ha QoE u
NPeacTaBs onucaHue n KnacumnKaumsa Ha TEXHUKMTE U MeTogonoruTe Ha ML B KOHTexkcTa
Ha BeIKUMHUTE KOMYHUKALUMOHHWM MPEXU ¥ aHanu3 Ha NpuHLMNa Ha paboTa Ha HeroswTe no-
B2XHW anropuTMu.

B aucepTauvorHus TpyA € NPeAcTaseH aHanua Ha MEeTOLONOMMATa 33 MHTErpupaxe Ha
onTUMU3aLuoHHW mopenu, Basvwpadn Ha Al/ML, 8 Open RAN apxuTekTypa v npakTUHecko
pukoBoacTBO 33 pa3spaboTsaHeTo Ha XxApps. OpueHTMpaHaTa KuM NPUNOKEHWETO
onTUMKU3auuMs Ha paboTarta Ha Mpexarta uaucksa paspaboTsaHeto Ha ML anroputmu 3a
nporHosupare Ha QoE. 3a Tasu uen ce npeanara ob6eKTMBEH MOAEN 3a NPOrHO3WpaHe Ha
QoE 3a VR 360-rpaaycos suaeo cTpuimutr, 6asupaH Ha enkogep-gexoaep LSTM. Mogenst
33 NporHosupaHe e TecTBaH Ha TecTosa nnowaaka Open RAN v e gokasaHo, 4e Moxe aa
onpeaen KonW4ecTBeHo B peanHo BpeMe BfuAHMeTO Ha pabotata Ha BeaxuyHaTa Mpexa
BbPXy kKa4yecTsoTo Ha VR BMAEO, 4pe3 nporHosupaHe Ha CTolHocTTa Ha QOE ¢
M3MON3BAHETO Ha KONWYECTBEHO W3MEPUMU NapameTpu Ha QoS.

4. TpuHoCH Ha AUCEPTaUNOHHUA TPYA.

MpuHocuTe ca npeacraseHy nop chopmata 3a 3akniONeHWe, KaTo noayeprasaMm no
cullecTseHaTa 4acT oT Tax: [pefnoXeHuAT moden 3a NpPorHo3upaHe NpeBbaxowaa Haii-
ceBpemeHHuTe mopenu ot knac CNN, Toi kaTo MMa No-BUCOKa TOYHOCT Ha MPOTrHO3UpaHe
e WaeaneH 3a NPUNOXEHNA 38 NPOTrHO3UPaHe B PeanHo Bpeme, Tbil KaTo paboTh edekTUBHO
C Manku nNocrnefoBaTenHocT OT AaHHW. Tosa e MbpPBOTO MNPOYYBaHe, KOeTO NpencTass
cpasHuTeneH ananus Ha DNN anroputmu ot knaca CNN 32 nporHosupase Ha QoE B
MPUNOXEHWA 33 CTPUAMMHT Ha Buaeo urpn. PaspaboTeH U oueHeH Moaen 3a NporHo3upaHe
Ha QoE 3a cTpuimuer Ha Buaeo wurpn B BeaxuyHa Mmpexa, Gasuwpasa Ha Open RAN
TexHonorus. Npeactased € HOB MoAen 3a NPorHosvpaHe Ha Tpaduka Ha MobunHa mMpexa,
Gasvupad Ha anroputbma TFT, e paspaGoreH 3a cnpassHe C NPeAW3BUKATENcTBaTa,
NPUCHLUMN HA NPOrHOIMPAHETO Ha MPEXOBUA Tpaduk,

Tezara Cblyo Taka NPeacTass HOB NMOAXOA 38 AMHAMWYHO PasnpeaenscHie Ha MPEeXoBH
pecypcu, Dasvpan Ha onTumusaums Ha QoE u TexHwkw 3a Abnboko noacuneaHe Ha
obyvetue. MpeanoxeHnaT Moaen 3a pasnpeaensHe Ha Pecypcu ce OLEHABE CPaBHUTENHO
CMPAMO YCTaHOBEHUTE TEXHUKU 33 nnaHupase Ha pecypcu. Masbpuwsa ce w URNOCTHO
npoyysaHe Ha BNUAHMETO Ha mpexosuTe QoS napameTpu Bbpxy HusBoTo Ha QOE Ha
Deaknynmte VR xomyHukaumm. OcseH ToBa € npegcraseHa HoBa crparerus 3a
ONTUMUINPaHe Ha CNOAENAHETO Ha CnekTbpa 3a nogobpsasane Ha QoE Ha VR koHhepeHTHU
BUOEO CTPUAMMUHT TIPUNOXEHUS.



B oBo6lieHWe, aucepTauusTa cenpasa TeopusTa U npakTukarta, karto AonpuHacea 3a
GeanpobnemHoTo nNpepocTassHe  Ha BUCOKOKaYecTseHN  Bedxku4HK MYTTUMEOUAHN
KOMyHUMKaUMK, kaTo oTbenAssa BaXHWUTE cTenku B8 obnactTa Ha noaobpsBaHeTo Ha QoE,
upes uxTerpupare Ha ML anroputmmn v Open RAN apxutexTypa.

5. TpeueHka Ha nySnukauyunTe no AUCepTaUMOHHNA TPYA.

Mo TemaTta Ha AvcepTaunsaTa ca NpeacTaseHn 8 HayuHu nyBnuxaumm, kato 5 oT TAX €a
ny6nukysasn B pedepupari mMexayHapoaHu cnmcavus, 3 ca B MEXAYHaPOLAHW
koHbepeHuMn 1 CUMMO3NYMA. Bowukn nybBnvkauuu ca B CbaeTopcTeo C Hay4Hust W
PBLKOBOANUTEN W KONEKTUB. B Tax ca nybnvkysaHu v ca cTaHanu aoctosxue Ha Hay4HaTa
oBLWHOCT ronAMa 4acT OT peaynrature Ha NpOBEASHATE @HANWUTUYHY, CUMYNAaLMOHHW n
NPaKTUMECKN EKCNIepUMEHTH, MpeacTaseHit B anceptauusita. OT HanpaseHa cnpaska KbM
MOMEHTa 3a MAOKTOpPaHTLT B MONYNAPHUTE CBETOBHU Ha3n [aHHW YCTaHoBMX, 4e
nyBnuKaunmTe CBLP3aHK C AUCepTaLMOHHUA TpyA ca oTpaseHu B 6asn AaHHW Ha Scopus,
KaToO € KOHCTaTupaHo KbM MOMEHTa 44 TexHu uuTMpaHus, kato Xupw® dpaxkTopa 3a
uwtupaHe e h=3 (6e3 camouuTMpaHe).

BCY4KO TOB3 MM [aBa OCHOBaHWe A3 3aRBA, Y HayyHuTe NOCTWKeHUs Ha asTopa ca
OTNACEHU AOCTATBYHO LWMPOKO W C2 U3BECTHN Y HAC U B YyxbuHa.

6. MueHus, NPenopbKU 1 Genexku.

CuuTaM, 4e AUCEePTAUMOHHMAT TPYA MocTUra 3asseHata Uer, a pedvHUparsuTe 3anaqm
Ca WAMBAHEHW H3 BUCOKO HAYYHO HWBO W AucepTauvsaTa uma 3aBbpiueH xapaktep. Jleka
KpUTUKa W3passiBaMm B nuncata Ha camocToaTenHa nybnukaums 1 cnopea MeH, npekaneHo
ronemus obeM Ha avcepTauusTa U Gpoit 0Tpa3eHu uInonasari NUTEPaTYpPHN U3TOYHWULUW MO
TA3¥ UHTEpecHa W akTyanHa TemaTuka. Bu 6uno anobpe Aa ce OgoOpMAT B Kpas Ha
OWCEPTaLMOHHUA TPYA HAEY4HW, HAY4HO-NPUNOXHM W NPUMOXHA  NPUHOCH, BMECTO
NPeanoXKeHOTO  3aKMo4eHUe. Mpenopwysam B Obaelle AOKTOpaHTRT A NPOABIMKN
HayqHOWacnegosaTenckara cou paboTta CbBMECTHO C Konmerute oF TY Codwus, Karto
nonyueHWTe pesyntath Aa GuaaT npeactasedu w o nybnvkysawu B MEXZYyHapOoaHW
KoHthepeHUUn W B pecepupaHin Ciucanng ¢ mnaxt” daktop (WoS) unn Scopus paHr.

7. 3aknioveHuMe C ACHa NOnoOXurenHa WK oTpuuaTrenHa OueHka Ha
AVCepTaUMOHHWUA TPYA.

CuuTtaM, Ye NPeacTaBeHnsAT AUCepTaunoHeH TpyA oTroBaps Ha W3NCKBaHUATa Ha 3akoHa 32

pasBuTMe Ha aKafeMmuyHus CbCTas B Penybnuka Bbnrapus v oueHkata Mu 33 Hero e

HAMBLNHO NonoXWTenHa. MocTurHatuTe pesynTatn mMu [naBaT OCHOBaHWe Aa npeanoxa na

6uaoe npuaobuta obpasosatenHara W Hay4Ha CTeneH poktop” oT uHX. leopruoc
; KyromTanauc

8 0BNacT Ha Buciue obpasosaHne - 5. TexHU4eCcKA HayKi,
npocdhecoHanHe HanpasneHne - 5.3 . KomyHMKaLWMOHHA ¥ KOMMIOTBPHA TEeXHUKa",
AOKTOpCKa Nporpama - ,KOMyHWKaUvoHH! MpeXn 1 cuctemu”.

Oara: 17.04.2024 1, YMEH HA XYPUTO:
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1. Relevance of the problem developed in the dissertation work in scientific and

scientific applied terms.

The topic of applying wireless networks to improve the quality of experience (QoE) is
current and interesting. Future wireless networks (FWNs) must support the ever-evolving and
diverse connectivity needs of emerging vertical industries in media and entertainment,
healthcare, manufacturing, automotive, energy, Internet of Things (loT), environment and
public safety. Such a wide and heterogeneous range of services and devices requires the
development of flexible and scalable mobile networks that are able to meet different quality of
service (QoS) requirements to provide satisfactory quality of experience (QoE) levels.

In a scientific-applied sense, the dissertation has solved numerous tasks related to the
development of 2 comprehensive methodology for improving QoE in FWN by integrating
artificial intelligence (Al) in network operations to optimize their performance. Al-based network
operations are integrated into the Open RAN architecture to support diverse use cases with
heterogeneous QoS requirements in terms of bandwidth, latency, packet loss, and jitter.
Developed machine learning (ML) algorithms are presented to provide automated network
traffic prediction and optimal resource allocation. The proposed methodologies are in step with
modern concepts and approaches in machine leaming, recognition and classification.

2. Degree of knowledge of the state of the problem and creative interpretation of

the literary material.

The dissertation work includes thanks to the author, table of contents, lists of figures,
tables, abbreviations, notations, introduction, ten chapters to solve the formulated main tasks
and conclusion, author's publications on the dissertation research, list of citations and used
literature, which contains 440 scientific sources. The dissertation also cited 8 publications of
the doctoral student, through which the obtained results became known to the scientific
community. All literary sources have been selected in such a way as to reflect modern scientific
achievements in the field of the subject of the dissertation work. Articles from authoritative
scientific journals, conferences and books are cited. The performed analytical overview allows
the doctoral student to correctly define the goal and the main research tasks, which he solves
successfully in the individual chapters.

3. Correspondence of the chosen research methodology and the set goal and

tasks of the dissertation with the contributions achieved.

The research methods are mainly distinguished in the individual chapters, such as
simulation and experimental. A comprehensive analysis of QoE evaluation for application-
oriented multimedia services is presented, with a special focus on virtual reality and game
video streaming applications. In this context, the definition of QoE for multimedia services is
provided and the three stages of QoE management are analyzed. In addition, a classification
and analysis of the most important quality indicators in terms of subjective and objective QoE
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evaluation Is presented, as well as a study of methodologies for evaluating their performance
and mathematical models for correlating QoS parameters with QoE values. The resuits are
interpreted and contributed to the formulation of models, methods and decision approaches in
information processing, the thesis highlights the importance of ML for the development of
effective QoE prediction models and presents a description and classification of ML techniques
and methodologies in the context of wireless communication networks and an analysis of the
principle of operation of its more important algorithms.

The thesis presents an analysis of the methodology for integrating Al/ML-based
optimization models into an Open RAN architecture and a practical guide to developing xApps.
Application-oriented network performance optimization requires the development of ML
algorithms for QoE prediction. For this purpose, an objective QoE prediction model for VR 360-
degree video streaming based on LSTM encoder-decoder is proposed. The prediction model
has been tested on an Open RAN testbed and proven to be able to quantify in real-time the
impact of wireless network performance on VR videc quality by predicting the QoE value using
quantifiable QoS parameters.

4. Dissertation Contributions.

The contributions are presented in the form of a conclusion, highlighting the essential
part of them: The proposed prediction model outperforms the state-of-the-art CNN-class
models because it has higher prediction accuracy and is ideal for real-time prediction
applications because by working efficiently with small sequences of data. This Is the first study
to present a comparative analysis of CNN-class DNN algorithms for QoE prediction in video
game streaming applications. Developed and evaluated a QoE prediction mode! for streaming
video games In a wireless network based on Open RAN technology. A new mobile network
traffic forecasting mode! based on the TFT algorithm is presented, developed to address the
challenges inherent in network traffic prediction.

The thesis also presents a new approach for dynamic network resource allocation based
on QoE optimization and deep reinforcement learning techniques. The proposed resource
allocation model is evaluated against established resource planning techniques. A
comprehensive study of the influence of network QoS parameters on the QoE level of wireless
VR communications is also performed. Furthermore, a new spectrum sharing optimization
strategy is presented to improve the QoE of VR conferencing video streaming applications.

In summary, the thesis bridges theory and practice, contributing to the seamless provision
of high-quality wireless multimedia communications, marking the important steps in the field of
QoE improvement, by integrating ML algorithms and Open RAN architecture,

5. Assessment of dissertation publications.

On the topic of the dissertation, 8 scientific publications are presented, 5 of which are
published in refereed international journals, 3 are in international conferences and symposia.
All publications are co-authored by the scientific supervisor and team. In them, a large part of
the results of the analytical, simulation and practical experiments presented in the dissertation
were published and became available to the scientific community. From a search made at the
moment for the doctoral student in the popular world databases, | found that the publications
related to the dissertation work are reflected in Scopus databases, and 44 of their citations
have been found at the moment, with the "Hirsch" factor for citations being h=3 (without self-
citation).

All this gives me reason to state that the scientific achievements of the author have been
announced widely enough and are known at home and abroad.
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6. Opinions, recommendations and notes.

| believe that the dissertation achieves the stated goal, the defined tasks are fulfilied at a
high scientific level and the dissertation has a completed character. | express a slight criticism
in the lack of an independent publication and, in my opinion, the excessively large volume of
the dissertation and the number of reflected used literary sources on this interesting and current
topic. It would be good to form scientific, scientific-applied and applied contributions at the end
of the dissertation, instead of the proposed conclusion. In the future, | recommend that the
doctoral student continue his research work together with his colleagues from TU Sofia, and
that the obtained results be presented and published in international conferences and in
refereed journals with an "impact"” factor (WoS) or Scopus rank.

7. Conclusion with a clear positive or negative evaluation of the dissertation work.
| believe that the submitted dissertation meets the requirements of the Law on the
Development of the Academic Staff in the Republic of Bulgaria and my assessment of it is
completely positive. The achieved results give me the reason to propose that the educational
and scientific degree "doctor” be acquired by eng. Georgios Kougioumtzidis,

in the field of higher education - 5. Technical sciences,
professional field - 5.3 "Communication and computer technology”,
doctoral program - "Communication networks and systems".

Date: 17.04.2024 MEMBER OF THE JURY:
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