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AOCTBLIE ¢ OTBOPCHN HUTep(eiicn 33 peainsanus Ha YCAYTH, KPHTHYHE KbM
KAYECTBOTO Hi 00CayRBaHe™

Petiensent: mpod. a-p Neopru . Hines

I. AKTYWJIHOCT HA paspadoTBARNN B IHCCPTAUNHONHAR TPYA npodiem

MMpe3 mOCaeAHMTE TOAHMHM TEICKOMYHHKAHHOHHATA WHIYCTPHA TIpexHbABY
ocHOBHa TpancopMalid, 00YCI0BEHA OT EKCHOHEHUHATHAA PBCT HA MOOHIHMS
TpahHK M nogsara na Hosu yeayry. Hasnuzanero wa neroto 5G M noAroToBrara
3a mectoro 60 noxkogense MODHIHH MpeXH H3IMCKBE TOAOPLKKA Ha
pasHooOpazHl CUeHAPHK HA YNoTpeda - OT MacoBd KOMYHHKAINA MKy MalIHHl
(MMTC) 10 CBPLXHAUSKUHA KOMYHHKAIHA ¢ HHCKE JATeHTHOCT ( URLLC).

Penuila nNpUIOKEeHMs KaTO  ABTOHOMHA  MODMAHOCT, MHAYCTpHAIHA
ABTOMATH3AIMA, BUpTYaTHa u 1obasena peandoct (VR/AR) u xonorpadexo rene-
APHCBCTBHE HANArAT MHOIO CIPOrH M3MCKBAHWA KbM KAHECTBOTO Ha Yoiayrara
(QoS) u kagecTBoTO Ha norpeburesckoro npewusasane (QoL). Knacnuecxnre
MPEKOBH APXHTERTYPH 3a paamonoctsn (RAN) ca MOHOAMTHH, 3aBUCHMH OT
CTICLIMANM3IUPEH XapIyep M Che 3arsopeHu uutepdeiicy, KOSTO OrpanHuasa
TAXHATA MBBKABOCT W 3aDaps HHOBAIMHTE.

To3n WHPOK U XeTeporeHeH CIeKThHP OT ClICHapHy Hanara paspaboTBaHeTo Ha
'EBKABH, MAAGHPYEMH U NPOrpaMMpyeMM MpemH, KOUTO MOTET [da rapaHTHpaT
VAITPa-BHCOKA HANSKAHOCT W HICKD 3aKbCHEHHE, OCHTYPABANKH OC3IKOMIPOMHCHO
KAHEecTBO Ha OOCHYKBAHETO M HHBA HA KaYecTHO Ha NPEKUBABAHC 3@ KpailHHTe
NOTpeDHTENH B AMHAMUYHE Cpeaa.

B oTroBop Ha Te3n HINCKBAHUA CC MOABABA KOHUSIILMATA 38 MPEXkA 30 10CTHN
¢ orsopern uuTeppeiicn (Open RAN), K0ATO BEBEKIA NPUHLMIINTE Ha
mesarperatis M BupTyanusatma, uHaMHuBata npupoia Ha paaHO-CpeaaTa M
XeTePOreHHOCTTa Ha YCIYTHTE HAlara HHTErpHPaHeTo Ha H3KYCTBEH HHTCNCKT
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(Al) u MmamuHHO 00yuenue (ML) 3a nocTyraie Ha aBTOMaTHIANMA B PEATHO BpeMe
M AMHAMHYHO pasapeeieHne Ha MPEKOBHTE PECYDCH.

B mucepTanmoHHEMST TPY €4 PastAciaHK POSKTHPAHETO H pa3padoTBaHETo
Ha eEeKTHBHH METOAH M WITOPHTMH 3a nojaodpsasade ha QoS u QoE, upes
MHTCTPUpaHe Ha W3KycTBeH wMuTeNekT (Al) B MpexosHTE Ollepauni  3a
ONTHMAZMPAHE Ha TAXHATa npomiBoauTennoct. Bowyko ToBa  onpeieis
ARTYANHOCTTA Ha TEMATHKATA HA MPEACTABEHMA /Mceprauponen Tpya. Tasm
AKTYWIHOCT €€ MOTBBPRAABA W O1 rojfeMus OpoH MAyYHM H TIDAKTHYECKH
pazpaboTkH B Ta3y obnact, nyGIUKYBaHH (IPes NOCAEAHHTE HAKOJIKO FOIAHHN,

2. CreneH na no3Hasape Ha ChCTOSHHETO HA TIPodjaemMa i TBopUecka
HUTEPRPETALNA HA JTNTEPaTY PHIS MATCPHA

JlokTOpalThT INeMOHCTPHpA 3ATBJ00MEHO No3HaBaHe Ha NpodieMHTe B
wacnensanara oonact. Pasrmesann ca ronam Opoil JIATEPATYPHH H3ITOMHHIH A €
HANPABeH KPHTHYEH AHATHI HA CLUIECTBYBALINTE 10 MOMENTa pelicHHA B
0D3CTTA HA MPEKHTE 32 A0CTHN ¢ otBOpery HHTepdeiicn Open RAN. Bws ocHosa
HA TOBA MPABHAHO ca (popmynHpaHy LCATA Ha IMCCPTALHOHHIA TPYI 0 3a334MTe
33 HeligoTo nocrurade, lloanunsra Ha asTopa U TBOPHECKHUAT MY IMPHHOC ACHO €A
M3PA3CHM B THCEPTALUHOHHHS TPYL W NpeacTasennTe NyOiHKay.

3. ChOTBETCTBHE 1 H30PANATA METOAHKA HA HICACABANE C NOCTABENATA

Hed U 3Aaa'MH Ha AHCePTAUHOHITHE TPY4
JeraiinHusT aHaaus Ha my0aukaludre W H3CHCUBAHMATA B HAy4HaTa
JMTEpaTYpa JaBa BRIMOKHOCT SCHO @ Ce AeMHHPAT neista M 3azaqnte Ha
JAMCepTanHOHHMA TPy, (OCHOBRHATA LEN HA TMCEPTALHOHIHSA TPYI € A3 MPEI0HKH
LSTTOCTHE METOHOAOTHA 3a nojodpsasane Ha QoS U QokE, uped HATeTpHPAHE HA
WIKYCTBEH HMHTEICKT B MpPEAKOBATE ONEpPalHH 33 ONTHMH3MPAHE Ha TAXHATA
pabota. Heobxoanmo e MpeKOBHTE ONEpauiy 1d ca MHTerpHpaHd B Open RAN
apXMTEKTYPaTa, 3a 4 HOATLPKAT PAyINuEH CAYHay HA YNOTPEDa ¢ XeTePOreHHH
wincksanna 3a Q0S/QoE no OTHOWIBHHE Ha YeCTOTHA JIEHTA, JaTeHTHOCT, 3aryda
Ha MAKeTH ¥ JUKHTEp, 33 MOCTHraHe Ha Tasn ten ca GopMy/iupati nerT OCHOBHH
34849, CBBP3aHH C: 1) aHAIH3 4 CHCTEMATH3AUMS HA APXUTCKTYPHATE CBOMOLHA
re RAN H npexosa KbM OTBOpPeHH W BHPTYATHIMPAHM ApXMTEKTYpH: 2)
npOeKTHPaHe M PeanH3alind Ha MBAHO(YHKUHOHATHE CKCHePHMEHTAIHA O-RAN
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TecTOBA cpena; 3) paspaboTsane Ha AITOPHTMM 33 OTKpUBaHE HA AHOMATHH 1pe3
MOASIH 33 JIBIO0KO 0DydeHue: 4) MOJAeNHpaHe M MIPOTHO3HPAHE HA QoS u QoL
MpH METEPAKTHBHH MYyATHMEAMIHM YCIyTH: 5) ONTHMHIMPAHE HA MPEKOBHTE
pecYpPCH Hpe3 MEXaHu3MM 33 MHTeNHreHTHa kiaacuduratms Ha TpaduKka W
JIHHAMHYHO pasipeasiene Ha PanHOpPecypPeHTe.

PaspaSoTennte METOIH W TPESATOACHHTE [OIXO/M, Ca HICICHABAHH H
GHATHIMPAHH [OCPEACTBOM  CHMYJALHOHHM  EKCTIEPHUMTHTH. Hanpasenn ca
CPaBHCHHA H AHANH3H Ha PEYATATHTE OT CHMYJAUHOHHUTE ERCTIEPUMEHTH €
TAKMBA NOJNYHEHHM 4Ype3 AHWIHTHYHM W3unciacHHs, Cunram, He npuiokerara
METOSONOrHATA HA HIC/AeABAHMATA B JAucepranuara Oasupana Ha RHATHTHHHH,
CTATHCTHYECKH M CHUMYIAUHOHHHM TMOAXOAH, KakTo H M3NMOJI3BAHHTE NOAXOIH W
CpeiCTBA 3a AHAIN3 Ca AACKBATHH HAa [OCTaBeHATd  led M 3a7a4un  Ha
AMCEPTALIHOHHHS TPYL,

4. XapakTepHCcTHRA Ha AHCEPTANNOHANS TPy

JlicepTalHosHHAT TPy € B 00eM o1 193 cTpanuum. TOH chabpikKa 70 durypu
1 13 rabmuws. B Tpyna ca uuTipasn 138 juteparypri W3TOYHHKA HA AaTHHALA,
kato 80% oT TAX ca OT HOCHRANHTE JSCeT MOINHH.

TpyasT uMa oceM [iasi. [Topsa rmasa NPEACTABA HIUCPIATEICH aHATls Ha
HCTOPHYECKOTO pa3BiiTHE M apXHTEKTypHATa CBOMIOUMA HA  MPERMUTC 33
pamnoaocTei. [ nasa 2 e nocseTeHa Ha $abA60YEHO HICACABAHE HA TEOPCTHIHHTE
OCHOBH H TIPAKTHYECKHTE ACHEKTH HA HHTEIPHPAHETO HA H3KYCTBEHINE MHTTACKT 1
MAIMHHEOTO OOYYeHHe B CHBPEMEHHHTE MpEXH 3a PalHOROCTRIL B rnapa 3 ¢
npeactaseno  getalinno  u3cieasaHe  H neduHupane  Ha  ChbBPEMEHHMTE
MyTTHMSAMAHK W HHTEPAKTHBHH  YCIYIH, KOHTO HOCTABAT Haii-BHCOKH
(3HCKBAHMA KbM TPOU3BOAMTENHOCTIA HA Oe3MHUHHTE MPEAH. Creunatto
SHIMANME @ oTaeneHo Ha crneundyKaTa Ha RMPTYalHaTa PeaiHocT # HelHHTe
HINCKBAHHS 34 YATPaHHCKA AATEHTHOCT H LIAPOKA HeCToTHA JIelTa. B rnasa 4 ca
ANAIH3HPAHA JIBe OT Hal-MacoBO M3NONIBAHUTE TCCTOBH nAaThopMH B CBETOBTH
vamat: COLOSSEUM u POWDER. [poextHpana, aprymeHTiapana #
PEANMIMPAHA € CODCTBEHR CKCHEPHMEHTATHA O-RAN TecToRa Mpeka, KOATo
ciay’RM Kato (yHIaMEHT 33 BAMHIAUMA HA [PEUIOKCHHTE B AUCSPTALMATA
anroput™u. B ri1asa 5 ca npeacTaseny NPOSKTHPAHETO, BHEAPABAHETO | oleHKaTa
e MHTEIHICHTHE CHCTEMU 33 OTKPHBAHE HA aHOMATHM, KOHTO Ca KPHTH'UHH 33
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OCHTYPABAHETO HA CHIYPHOCTTA M HAZCH/IHOCTTA HA moOnauTe Mpexu. Hleera
F1aBa OT JAHCEPTALHOHHMA TPYA pasrieiia (hyHASMEHTATHATA HEOOXOAMMOCT OT
Opexo/l OT CTATHYHA KbM AHHAMIYHA W IPOrHO3HA OUCHKA HAa KA4eCTBOTO Ha
notpeburenckoro npexusasane (QoE) B CoBpeMeHHATE moGunnu mpexu. [nasa 7
pasraexkia npobjemaruiara Ha NPOrHO3MPaHETO Ha KAYecTBOTO Ha Yycayrara
(QoS) B cueHapuH 3a KOMYHHKalUHa OT THMA ,MIPEBO3HO CPenCTBO KbM BCHHKO™
(C-V2X). Ocma rnaBa NpeAcTaBs MNPaKTHYECKOTO 3aTBapAHE I IMKLIE 32
HHTCIHTEHTHO YIpasieHHe B MOOMAHHTE MpPEXKH, npemuHuBaiikn o7 dazure Ha
MOHITOPHHT H MPOTTO3MPAHE KhM €Talla Ha peaita OnTHMUSALIHA 1 HANTJIHEHAE,

CuabpAanHnero Ha OoTaejHuTe [Jlasp ¢ nobpe Oanancwpano M ¢€
CTPYKTYPHPAHO B  pa3fieNn, KOHTO HAMLIHO OTpasAnal ONUCaHHETO Ha
MPE/VIOACHATE  METONH M AINOPHTMH WM GHILIH3E Ha MPOBCACHHTE
eKCEPHMEHTATHI H3CTC/IBAHAA.

5. TipunocH B AHCEPTALHOMINS TPYA

[IpunocnTe 8 IHCEPTAUHOHHUA TPYA Ca CBBP3aHH C pa3paboTBaneTd Ha
edEeKTHBHH METCIH W AITOPHTMH 33 nojodpABane Ha QoS u QoE, upes
WHTErpupaHe Ha u3kycTBeH HTeaext. [locturnaruie pe3yaTaTH ¢a ¢ Hay4HOo-
IIPHJIOJKEH XBPAKTep H MOraT a ce ofowWAT KaKTo Cllieasa:

e Paspaboren ¢ momxoj 3a uurerpauus wy ML moaeau B Open RAN
apxutexTypa. Oueprani ca KOHISHTYATHHTE 1 apXHTCRTYPHH NIPSANOCTaBKH 33
manonspae #a AUML B Open RAN. BKHUOUATETHO [O3HLUHOHHPAHETO H3
oByHeHnTe Moeny & pamknTe Ha Rl C.

e Jlehuunpate Ha NOTPEOHTEICKO-USHTPHIEH HOAXOL KbM (QoE 1 »erosata
Bph3ka ¢ QoS. Pasrnejasn ca BAMACIHHTE daxtopn Bepxy QOE (uoBeiiky,
CHCTEMHM, KOHTEKCTYRIHH | CBBP3aHH ChC CHLILPKAHHCTO) 1 Ca aHANH3UPAHH
KOpenainOHHH MOZE/H, KOHTO CBBbP3BaT QoS ¢ Qok.

e PaspaGoTeHa ¢ KOHUENTYalla paMird 3a knacudukainsd Ha aHOMATHHTE B
MOBHIHH MPEKH, KOSTO OTHHTA €BOJIOLUHATA OT TOUKOBH KLM KOHTEKCTYQIHH 1
KONEKTHBHN AHOMATHM U CTIeHH(HUKATE Ha BPEMEBHTE PEOBE, BUCOKA pasMepHOLT
W KaacoB auchananc.

o Paspaboren ¢ Tpaucdopmaropel MOACH 33 OTKpUBAHE HA aHOMANANW B
apxurexrypata Ha O-RAN recToBaTa Mpesd. PaspaboresnsT MOAYN 38 ACTCKIHA

Ha AHOMAIHH € BHEApPeH Katd MHUKPOYCAYra B aHATHTHHIHA cnoit Ha NWDAF ¢
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JAEMOHCTPHPE BB3MOKHOCT 30 aHaH3 HA Tpaduka B DAMIKO 10 PEAIHOTO BpeMe
(near-real-time) # YBEAOMSBaHE 32 HACTBIILAN A0HOPMAIHY CHLOWTHE,

Cunram, 4e Te3H NMPHHOCH NPABHAHO OTPAIABAT MOCTHUIHATOTO OT asTOpa B
rrpoucca Ha HPGB&HEHHT’E H3cAeABAHHAE H HECbLMHEHO WIS HﬂMfPﬂ'I CBOATA
MPaKTHYEcKa [PHIIOKHMOCT.

6. Mpenenka na nySARKAMMNTE MO ANCEPTAUHOHINA TPYL

Mo TemaTa Ha AMCEPTALUMOHHHA TPY/A ca Hanpasenu 14 nydnmkaumw, oOT
KOHTO 9 B MATEPHATH HA MSKIYHApOAHM HAY4HW KOH(epeHuHH. 4 CTaTHH B
HAy4HW CTHCaHus W | raaBa oT khura. B ner ot nybauKaumuTe NOKTOPaHTBT €
mepeu  asrop.  [lyOnmkaumure OTpassBar  ChHINCCTBEHHTE  MOMEHTH - OT
AHCEPTALHOHHHA TPY L,

7. Ouenxa na agropedepara Ha ANCepTalNiTa.

[pencraBenusT agTopedepar e HanpaseH B ChOTBETCTRUE C HINCRBAHUATA
OTpa3ABa JOCTATHYHO MMIHO OCHOBHOTO CHALPKAHNE Ha AHCEPTALHOHHIS TPYL H
HErOBH1E NPHHOCHH PE3YTATH,

8. [Mpenopbkn 1 KPHTHYHK DEACHKH.

3abenewKiute HMAT penaxiHonen Xapaktep. Hikon or QurypnTe ca Tpyann
3a pasuntane. ChIbPKAHHETO HA OTACTHHTE T/IABH MOJKCE a C€ ChEpaTH, Kato ce
npeMaxue HeHYKHO OIHCATEIHATA 4acT B Hauanoto. [IpuHocHTE, Taka Raxto ca
TIPEACTABEHH B Kpas Ha Tpy/a, Ouxa MOIVIH Ja ce n pehOpMYIHPAT, KATO HAKOH OT
X ¢e 000DWAT HAK NpEeMaXHar.

9, JakawueHne

B3 OCHOBA HA W3NOKSHOTO CHHTaM, 4€ JIMCSPTALHOHHHAT TPYI OTTOB4pA Ha
WIHMCKBAHMATA Ha 3daKOHA 3a PasBHTHC HA AKAASMHYHHS CLCTAB B Penybnuka
buarapus # IlpasuwiaMka 33 HRTOBOTO NPHIOKEHHE H HM2 HEGﬁxD,EIEH/)i/Tf:
Ka4ecTsa, 3a 71a Ce MPHMCbLIAH Ha HEMOBHA ABTOP, Mar, HHAE. Atanac
Bnaxos, HayuHaTa 4 00pa30oBaTCIHA CTENEH LoxTOp".

17.06.2026 1. [Honmme: 7
Cotus (nputb:{:ri-’i:l Teopru Uniues)
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REVIEW

on a dissertation for the acquisition of the educational and scientific degree of
"Doctor” in the professional field 5.3 Communication and Computer Engineering
under the doctoral program "Communication Networks and Systems”
Author of the dissertation: Eng. Atanas | Viahov
Topic of the dissertation: ,Intelligent management of access networks with
open interfaces for the implementation of QoS-critical services®
Reviewer: Prof. Dr. Georgi Tiev

1. Relevance of the problem developed in the dissertation

In recent years, the telecommunications industry has been experiencing a
major transformation, driven by the exponential growth of mobile traffic and the
emergence of new services. The advent of the fifth generation 5G and the
preparation for the sixth generation 6G mobile networks requires support for a
variety of usage scenarios - from massive machine-to-machine communication
(mMTC) to ultra-reliable low-latency communication (URLLC).

A number of applications such as autonomous mobility, industrial
automation, virtual and augmented reality (VR/AR), and holographic telepresence
impose very stringent requirements on quality of service (QoS) and quality of
experience (QoE). Classic radio access network (RAN) architectures are
monolithic, dependent on specialized hardware, and with closed interfaces, which
limits their flexibility and slows down innovation.

This broad and heterogeneous spectrum of scenarios necessitates the
development of flexible, scalable and programmable networks that can guaraniee
ultra-high reliability and low latency, delivering uncompromising quality of
service and quality of experience levels for end users in a dynamic environment.

In response to these requirements, the concept of an open access network
(Open RAN) emerged, which introduces the principles of disaggregation and
virtualization. The dynamic nature of the radio environment and the heterogeneity
of services necessitate the integration of artificial intelligence (Al) and machine
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learning (ML) to achieve real-time automation and dynamic allocation of network
resOUTCes.

The dissertation examines the design and development of effective methods
and algorithms for improving QoS and QoE by integrating artificial intelligence
(AI) into network operations to optimize their performance. All this determings the
relevance of the topic of the presented dissertation work. This relevance is also
confirmed by the large number of scientific and practical developments in this
field, published in the last few years.

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

The doctoral student demonstrates in-depth knowledge of the problems in the
research area. A large number of literature sources have been reviewed and a
critical analysis of the existing solutions in the field of access networks with open
interfaces Open RAN has been made. Based on this, the goal of the dissertation
and the tasks for its achievement are correctly formulated. The authot’s position
and creative contribution are clearly expressed in the dissertation and the presented
publications.

3. Compliance of the chosen research methodology w ith the set goal and
objectives of the dissertation work

A detailed analysis of publications and research in the scientific literature
makes it possible to clearly define the purpose and objectives of the dissertation
work. The main objective of the dissertation is to propose a comprehensive
methodology for improving QoS and QoE by integrating artificial intelligence into
network operations to optimize their performance, Network operations need to be
integrated into the Open RAN architecture to support different use cases with
heterogeneous QoS/AQoE requirements in terms of bandwidth, latency, packet loss
and jitter. To achieve this goal, five main tasks have been formulated, related to: 1)
analysis and systematization of the architectural evolution of RAN and the
transition to open and virtualized architectures; 2) design and implementation of a
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fully functional experimental O-RAN test environment: 3) development of
anomaly detection algorithms using deep learning models; 4) modeling and
prediction of QoS and QoL in interactive multimedia services; 5) optimization of
network resources through mechanisms for intelligent traffic classification and
dynamic allocation of radio resources.

The developed methods and proposed approaches have been studied and
analyzed through simulation experiments. Comparisons and analyses of the results
of the simulation experiments with those obtained through analytical calculations
have been made. I believe that the applied research methodalogy in the dissertation
based on analytical, statistical and simulation approaches, as well as the used
approaches and tools for analysis, are adequate to the set goal and objectives of the
dissertation work.

4. Characteristics of the dissertation work

The dissertation is 193 pages long. It contains 70 figures and 13 tables. The
work cites 138 literary sources in Latin, 80% of which are from the last ten years.

The work has eight chapters. Chapter one presents a comprehensive analysis
of the historical development and architectural evolution of radio access networks.
Chapter 2 is dedicated to an in-depth study of the theoretical foundations and
practical aspects of integrating artificial inteiligence and machine learning into
modern radio access networks. Chapter 3 presents a detailed study and definition
of modern multimedia and interactive services, which place the highest demands
on the performance of wireless networks, Special attention is paid to the specifics
of virtual reality and its requirements for ultra-low latency and wide bandwidth,
Chapter 4 analyzes two of the most widely used test platforms worldwide:
COLOSSEUM and POWDER. An own experimental O-RAN test network is
designed, argued and implemented, which serves as a foundation for validation of
the algorithms proposed in the dissertation. Chapter 5 presents the design,
implementation, and evaluation of intelligent anomaly detection systems that are
critical for ensuring the security and reliability of mobile networks. Chapter six of
the dissertation examines the fundamental need for a transition from static to
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dynamic and predictive quality of experience (QoE) assessment in modern mobile
networks. Chapter 7 addresses the issue of quality of service (QoS) prediction in
vehicle-to-everything (C-V2X) communication scenarios. Chapter 8 presents the
practical closure of the intelligent management loop in mobile networks, moving
from the monitoring and forecasting phases to the stage of real optimization and
implementation,

The content of the individual chapters is well balanced and structured in
sections that fully reflect the description of the proposed methods and algorithms
or the analysis of the experimental studies conducted.

5. Contributions of the dissertation work

The contributions in the dissertation are related to the development of
effective methods and algorithms for improving QoS and QoE, by integrating
artificial intelligence. The achieved results are of a scientific-applied nature and
can be summarized as follows:

e An approach for integrating ML models into Open RAN architecture has
been developed. The conceptual and architectural prerequisites for using AI/ML in
Open RAN have been outlined, including the positioning of the trained models
within the RIC,

e Defining a user-centric approach to QoE and its relationship o QoS,
Factors influencing QoE (human, system, contextual and content-related) are
examined and correlation models that link QoS to QoF are analyzed.

¢ A conceptual framework for classifying anomalies in mobile networks has
been developed, which takes into account the evolution from point to contextual
and collective anomalies and the specificity of time series. high dimensionality and
class imbalance.

e A transformer model for anomaly detection in the O-RAN test network
architecture has been developed. The developed anomaly detection module is
implemented as a microservice in the NWDAF analytics layer and demonstrates
the ability to analyze traffic in near-real-time and notify about abnormal events.



| believe that these contributions correctly reflect what the author achieved in
the process of the research conducted and will undoubtedly find their practical
applicability.

6. Assessment of dissertation publications

14 publications have been made on the topic of the dissertation, of which 9
are in materials of international scientific conferences, 4 articles in scientific
journals and 1 chapter of a book. In five of the publications the doctoral student is
the first author. The publications reflect the essential moments of the dissertation.

7. Evaluation of the dissertation abstract

The presented abstract has been prepared in accordance with the requirements
and sufficiently reflects the main content of the dissertation work and its
contributing results,

8. Recommendations and critical remarks

The notes are of an editorial nature. Some of the figures are difficult to read.
The content of the individual chapters could be shortened by removing
unnecessary descriptive parts at the beginning. The contributions. as presented at
the end of the work, could be reformulated, some of them being summarized or
removed,

9. Conclusion

Based on the above, I believe that the dissertation meets the requirements of
the Act on the Development of the Academic Staff in the Republic of Bulgaria and
the Regulations for its implementation and has the necessary qualities to award its

author, M.Eng. Atanas | Vlahov, the scientific and educali}ﬁal degree
"Deoctor”,
17.06.2026 Signature:

Sofia {_Pml./dﬁ Georgi [hev)
[ 5


user
Rectangle

user
Rectangle


