| CTAHOBHIIE

s LencepTALlHOHEH TPYL 34 ppu/io0HBaiE Ha
DpazoBaTenia i HayHa crenet L JIOKTOP

[0 HAVYHA CHSHAHOCT: K OoMyHHEAIHORHN MPCHKHE 1 CHCTEMA™
o1 TPO(CCHORATHO HANPABICHIE, 5.3 .. KoMVHHKAIHONHY i KOMITOTBPHA TEXHUKA™

ABTop Ha cepTALHONINE TPY/L Mal. . Avamac L Bnaxos

Tema Ha THCEPTAIMONHUR TPYL JHpreaurenTHo YIPaBIenine na Mpe 34 T0CTLR ¢
oTBOPEHN pirrepdeiicn s peaizams HA YEAYTH, KPITIHHHE KbM EauecTBOTO Hil obcayasane”
Yoren Ha HAVMHOTO AKYPH: J0U, A-p HEE T'eoprin banabanon

1. AgTyansHocT HA pazpaborsanus B McepTAIMOHHNE TPYA npofiaem B HAYHHO 0 HAVHHO-
PIIOERD O THOMCHHE. Creied 1 HHBA HA AKTYATHOCTTR 1 npobaemMa i KORKPETHRTE 3ANAYH,
paipadoTeni B AMCEPTAINATA.

Paafaek1aHuaT B AHCCPTAUMOHIMA tpyR upodmem ¢ HecnopHO  BKTYANICH, THIl Karo
CLBPEMEHHITE MOGHMIH  MpedH  ce  paBHBaT 0T BHCOKOCKOPOCTHE  KOMYHMKAIHORHA
WHpPACTPYKTYPa  KbM qETETHICHTHA. IporpaMppyesa  # agToMarHaupana  naatdopMa 32
NpeOCTARAHE HA YCIVIH € pasnMuAR M HecTo [IPOTHBOPEHHBA IBMCKBAHMA. ARTYETHOCTTA Ha
temarta ce onpelens W 0T akTa, Y€ TPAMIHOHHETE ApXWIEKTYPH Ha MPERUTE 53 PaAMoI0CTST
TPYJIHO MOraT Aa OCHTYPAT HEODXOIIMATA IBEKABOCT H aNamTHEHOCT it OBEAYKBAHETO HA CHIHD
xeTeporeHuy TpadmIHi ppodmms.  [lucepTallHOTHIAT TPVA pairiackiaa ppofiacma B HEroBaTa
KOMILIEKCHOCT, KaT0 ChUeTasd TeopeTHEcH AHAIM3 HA ApXMTEKTYPHATR EBOTHOLIA na RAN,
npoesTHpaie M yMICTEMCHIHpane Ha (-RAN TectoBa Cpeli. paspaboTBane Ha WITOPHTMH 34
OTKPHBAHE HA QHOMAIHIL IpPOrHOINPARE HA QoS/QoE H auHaMitiHO yNpABICHIE HA PECYPENTE ypez
MPEHKOBO HAPAIBANC. opMy/IHPAHHTE Heii H 3a1ati ca CHODPAICHH ChC CHBPEMEHIITC Hay4Hn "
APHI0HHA noTpedHOCTH B oBIACTTY WA KOMY HNKIMOHIHTE MpEEH H CHTTEME,

2. (remen Ha NOIHABARE cneToguAeTo Ha npobiema B TBOPHECKA piTepUpeTAIS  Ha
R TEpATY pHES MaTepHAL.

JloKTOPaHTHT NOKA3Is AaBAOOTEH0 H CHCTEMATHIHPARG o3HARAHE T BKTYATHOTO ChCTORHNE
A H3C/EIBANN IPODISM, RAKTO 1 1A CBBpIANITE ¢ HEMD TEXHONOTHIHH 1 HAYHO-HICICIOBATENCKH
Hanpasienns. JIHTepaTy PHAIT MaTEpHan & H3TONIBAH TBOPHECKH, KaTo HE CC cROAIA caMo 110 0630p,
a coyE#W 3a 0DOCHOBaBaHE H OCHOBHNTE W3CJICAOBATEACKH 3anatit. B jmcepralmoBHMa TPy <&
manomsany 138 aureparypHi HTOYHMKE, KOETO [oKa3sd obpa HRDOPMHUPANOLT 33 ChEPEMEHHOTO
crReTOsHHe BE TpodieMa W noiBOTABa da Ce M3rpadn JOCTATHYHO IMPOKA HAYHHA ocHOB2 32
MOAYMeHATE PE3YITATH. Ocobentod HONOKHATEIHO CeiBa i && olieHH, 9 JOKTOPEHTHT Pasrieacia
Open RAN HE €aM0 KATO ApXHTEKTYpHA KOHLCHIS, 8 KATO TEXHOJUTHHHA cpe/a 3a OPAKTHYECKO
pHEPABAHE HA WHTCIMICHTHHE ATFOPUTME 33 YNpaBicHHE HA QoS/QoE. To3u moAXOA noKa3sa
TROpUECK MITEPIpETAIRA H4 JWTEpaTypHEN MaTepHal # ymeHue 3 opMy/Hpane na CoDCTBEHH
W3BOJIN H ITPAKTHTIECKH NPHACEBMI pelneHis,

3, ChoTBETCTBHE HA pafipanara METOIMKA HA iaeaeiBane 0 NOCTABEHATA el W 3aIadH HA
ncep rAIIOHIIS TPYA € NOCTHIHATHTC HPIHOCH.

WsGpanata METOIMKA ¢ HATTRIHO qU[CKBATHA HA NOCTABCHATE UEIH | 3T I0RATeCKH 3amayn. T3
BETIOYBA CHCTEMEH TEOPETINCH AT, APXMTEKTYPHO NPOSKTHPAHE, ApaKTHYECKA PEAIHIAMUS HA
eKCIIepHMENTAIHE Cpeaa. chOupane B 00padoTEA HE peaiHi JAHHIL oGyueHMe ¥ BaTHAMpaHe 0d
ML/DL smoaenH. Kakto H cpasHWTe/HA OUCHKA HA HoAYHSHETE PEsyTITaTH fpEs AOIXOIAIH
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connuecTBeni meTpHki. China cTpana Ha MeTOOAKATE € TpaKrHuyecKara ganunanus B TecToRa
cpeaa. u3Tpanena Wped codirvepun TuaTopmn ¢ OTBOPEH KO W CTaHIapTeH xapiyep. Tosa
[OBHINABE JOCTORCPHOCTIA HA pe3yaTaTiie n aobnHKaBa H3ICACABAHNATA 10 VCIOBHATA Ha peanHi
OnepaToOpPCKH B Aa0OPATOPHM BHEAPABAHUA. MeTOAHKATE € TIOAXOIRILE 3l KOMIUICKCHIA xapakrtep Ha
TemaTa | 03B0/AEa (PopMyaHpaHe Ha HAYHHO-IPHIDHHN 1 IPHIOAHEN IPHHOCH.

4. Hay'mi 1 HaYURO-IPIIOAHH IPHHOCH {12 AMCEPTANHOHHENS TPY/L SHATHMOCT A HPHHOCHTE
34 HAVKATA N HPAKTHRATL.

DOpMYIMPAHHTE B AHCEPTALHOHINA TPYA LK | 33044W Ca AMOHIHOTHH, HO Mar. HHA, ATaHAC
BaaxoB ¥ € peuntl YCneuHo. Mora a2 Kaka, e TPYIRT Chibpaa HeCHMHCHN HAYIHO-TIPUIMKHA H
APHIOHKHN TPHIOCH, Te ca aauuMH. Thil KaTO pasrassmal aKTYasNeH W KOMIIEKCEH TipodaeM.
JaMipall ce Ha NpeceHHaTd touka mesoty Upen RAN apxHTeRTYpHTE. HIKYCTBEHHR WHTEIAERT,
MEITHHHOTO 00VUEHHE, QoS/QoE ynpasicHHETS, CHIYPHOCITA W ABTOMATH3ALMATA Ha MODIHHTE

MEHH OT HOBO NOKOTICHNE.
[lprocHTe HA ANCCPTAIMOHHHA Tpyi MoraT aa Obaar oboBIeHA N0 CHEIHHR HAYHE.

o Hayaso-TPUIOKHITE IIPAHOCH Ce nposBABAT B MPOCKTHPAHETO M HMMIIEMEHTAPAHETO Ha
wommuekcna O-RAN Gasnpasa LTE/SG TecTopa Mpea, KONTO HHTEIpHpA paropuu ¢
OTBOpEH KO H N0IBO/TABA CKCHEPHMEHTRIHO BATHINPARE Hi HOBH AATOPITMH H APXHTCKTY N
pemenns. PaspadoTenn U ouetcan ca ML/DL smopenn 34 OTKPHBAHE HA BHOMAIHH, multi-
headed CNN Mosen 3 NPOrHO3APAke Ba QoE npun gaming sHIco crpuitvmnr, LSTM encoder-
decoder Mojea 3a NpOrHOIHpaHe Hi QoE npit VR 3607 puaco o MoAe/H 38 NpOrHOTHPAHE HA
nponycKareAHaTa cnocobuoct B C-V2X cueHapHi.

o [IpuaomHATE NPHHOCH C& MIpAIABAL B TIPAKTHHECKR peanwiaiMg Ha OTACIHA cofTyepHit
KOMTOHEHTH 1 MEXIHAZIME 34 aETOMETH3IHPAHD YTIPABICHHC WHTErPAIHA HA TPAHCHOPMATOPER
MOJIETT KATO MHKpoyciyTa B ayanurianna caoit a NWDAF, cacema 3a MonmTopaHr Ha QoS
mEpaMeTp o7 AOTPEONTEICKH yerpoicTea, ML -0aszdpan METOL 38 wibop Ha Mpekos cpes H
AEMOHCTPAIIRS HA AWHAMWHHO pasnpeieneine na paauopecypeH 32 FAPAHTHPAHE HA Ka4eCTBOTO
pa UHD eueo noTok.

5. lMpenenna Ha uyfankaunure 1o ANCEPTANMOHHNA TPy fipoii, xapartep na Wi EANnATa, B
KoWTo ¢a ornegaTann, OTpakenne B HAYKATA — WINOIIBANE | pMTHPAHE 0T APy asTopi, B

ApyrH nabopaTopuu, crpamit | ap.

bpoaT Ha BBTOPCKATE myGAnKalMy, OTPa3ABaII pegyrTarHTe 0T ANcepTALMOnNNS TPYL €
gernpunasccet. B ueTnpit OT THX \ar. Wik, Atanac Baaxos ¢ hpin asTop, a B OCTUHAIMTE YHACTRE
gato cwasrop. TyOnmkannuTe ca Ha AFHICKN e3HK W ¢a Npe/ICTaneHn 8 MEZIVHAPOIHN HAYHHH
wananus u gopymn. Cpei THX ¢e gTKpOABAT MyOIHKALIMA B |EEE Aceess, IEEE Open Journal of the
Communications Society. Electronics, Journal of Mobile Multimedia, KakTo W AOKMAlE HA
MEHAVHAPOAHE KOHEpeHLHN. [lyGanKaunoHAATa AKTHBHOCT © TeMaTHIHO CHLp3AHA ¢ OCHOBHHTC
HalpasTeHnA Ha JIMCEpTAITHOHHMS TPYIL CuirraM, 4e nyOIHKAIHORHATE JeiHOCT € A0CTETbUHA 1o
ofiem, noGpe CbOTBETCTRA HA TeMaTHKaTa Ha AMCCPTAUHOHHMA TRy # OCHTYPHBA HEODXOANMATE
fyG:EuHOCT HA MOCTHIHATHTE HAYHHW PEIYIITATH.

6. Mireuis, Hpenophrn # HeaekKn.

JlHcepTalHOHHHAT TPYL € no0pe CTpYKTypHpan, USA0CTeH j aasmpiieH. Hamam ChUICCTBEHR
KpUTHuEH  DEERKR  KBbM AMCEpTALMOHHKA  TPYAL [locoacHuTe NPENIOPBLER M sabenewKl  He
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OMATORAKARAT MOCTHTHATHTE HAY'WHH, HAYYHO-HIPHIOKHN M MPHAOKHH PEIYITATH, d 4 HacouenH
Kb NOSHIIABAHE HA SCHOTA, STHOTHTIHOCT H ThACHIO PasBHTHE H HICACTARAHETO.

o Jlo6ipe Gu 6rn0 B 0DOOMIEH BRI Ad CC [PEACTABN CAHHHA TabaNiE, KOATO CBLP3BA HANOI3BAHMTE
HaBOpH OT AAHHH, MOJEH, BXOTHN NAPAMETRH. METPHEN 34 OUCHKA H MOCTHIHATH Pe3yATaTH.
Tora 61 yAECHHID NPOCTIEARBAHETO HA eKCIEPHMEHTAHATA JIOTHKA MEWKITY OTACAHITE [ABH.

sllpit Gniacuio pazsuine Hi paorara mMoke Aa e OOBPHE AOTHIHHTETHO BHUMAHNWE H3
AHHAMMYHE TIPATOBE MPH OTKPHBAHE HA SHOMATHH, THil KaTO B ANCEPTALHNTA KOPEKTHO €
oTGemIaHD, Ye WITIONIAAHETO HA CTATHYEH Mpar uMa OrpanHucHHs NPH NPOMEHAINM Ce
TpadHHE NpoREIN.

elToneatia NOCOKA 33 GhICHIM HICNCABAHUA & TIO-IIHPORA end-to-end OUCHKA HA NPETORSHHTE
\EXAHHAMH B YCJIOBHA HA NO-BHCOKO HaTOBapRaue, pasiiiHi THTIOBE YCIYTH H TO-AhJH
BPEMERH MHTEPBATH, KAKTO H MHTCIALuiTa MM B ONEPATOPCKH Wil OAM3KH [0 ONEPaTOPCKH
TECTORN Cpeiii.

7. JascIroMelne € ACHA NOJI0ANTE NS B0 oTpuiaTeiia ONCHKA HA JHCEPTATMOHMUS TPYL.

(yr nanpasenys pazbop Ha AMCEPTALHOHHMS TPYAL W NyONMKATMHTE KhM HEMO CHHTOM, HE TE
OTIORAPAT HA H3IHCKBAHUATA f1a 3aKOHA 30 PAIBHTHC HA AKAAECMITIHIA CBCTAB B PenyGauka buarapha.
TMpasiauuka 33 HETOBOTO lpRiarane i CHOTBCTHHIEC BLTPEIHM NpaBHId Ha TexiuHyecKn
yunsepenter — Codns.

C neaboka BuTpellsa yOeneHocT AaBaM GONOMHIETHA OUEHKA B MPEenophiBaM Ha HayuHoro
EYPH 18 NPHCBAH Ha Mar. WHA Aranac Baaxon oGpasORATENHATA M HAYYHA CTEICH
_oKTop” B NMpOdECHOHATHO HANPARICHAE: 5.3 . JKoMyHHKSIHOHHA I KOMIIOTEDHA TexHuKa", No

HAYUHA CHELHATHOCT JKOMYHHEQITHOEHN MPERH W CHCTEMH o

Jlata: 16.06.2026 1. UieH Ha Hay4HOTO &y PH:
/ apiL. 4-p HHJEE-IE?‘!H‘I baratanos!
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) T Fa dissertation thesis for acquiring the
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;x )\ k"in,at_?:‘.bq sti pecialty: Communication Networks and Systems
NETP afe Aalfield: 5.3 Communication and Computer Technology
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Author of the dissertation: M.Sc. Eng. Alanas | Viahov

Dissertation topic: Intelligent Management of Access Networks with Open Interfaces for the
Delivery of QoS-Critical Services

Member of the Scientific Jury: Assoc. Prof. Dr. Eng. Georgi Balabanoy

{. Relevance of the problem addressed in the dissertation from a scientific and scientific-applied

perspective, Degree and levels of relevance of the problem and of the specific tasks developed in
the dissertation.

The problem considered in ihe dissertation is undoubtedly relevant, since modern mobile
networks are evolving from high-speed communication infrastructure into an intelligent,
programmable. and automated platform for the provision of services with diverse and often
conflicting requirements. The relevance of the topic is also determined by the fact that traditional
radio access network architectures can hardly provide the required flexibility and adaptability in
serving highly beterogeneous teaffic profiles. The dissertation examines the problem in itz full
complexity by combining & theoretical analysis of the architectural evolution of RAN, the design and
implementation of an O-RAN testbed. the development of glgorithms for anomaly detection,
QoS/QoE prediction. and dynamic resource management through network slicing. The formulated
objectives and tasks are aligned with contemporary scientific and applied needs 1n the field of
communication networks and systems.

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

The doctoral candidate demonstrates a thorough and systematic knowledge of the current staie of
the research problem, as well as of the related technological and research areas. The literature has
been used creatively; 1t is niot limited to a review, but serves to justify the main research tasks. The
dissertation uses 138 literature SOurces, which demonstrates good aWareness of the current state of the
problem and enables the construction of a sufficiently broad scientific basis for the obtained results, It
should be particularly positively assessed that the doctoral candidate considers Open RAN not only as
an architectural concept, but also as a technological environment for the practical deployment of
intelligent algorithms for QoS/QoE management, This approach demonstrates ¢reative interpretation
of the literature and the ability 1o formulate independent conclusions and practically applicable
solutions.

3. Compliance of the selected research methodology and of the stated aim and tasks of the
dissertation with the achieved contributions.

The selected methodology is fully adequate 1o the stated objectives and research tasks, It includes
a systematic theoretical analysis. architectural design, practical implementation of an experimental
environment, collection and processing of real data, {raining and validation of ML/DL models. as
well as a comparative evaluation of the obtained results through appropriate quantitative metrics, A
strong aspect of the methodology is the practical validation in a test environment built using open-
source software platforms and standard hardware, This increases the reliability of the results and
brings the research closer 10 the conditions of real operator and laboratory deployments. The


user
Rectangle

user
Rectangle


methodology is appropriate for the complex nature of the topic and enahles the forraulation of
scientific-applied and applied contributions.

4. Scientific and scientific-applied contributions of the dissertation. Significande of the
contributions for science and practice. '

The objectives and tasks formulated in the dissertation are ambitious; however. MS¢ Eng. Atzsas
Vidhov has addressed them successfully. 1 may staie that the dissertation contains unquestionable
scientific-applied and applied contributions. They are significant, since thev address a current and
complex problem located at the intersection of Open RAN architectures, artificial intelligence,
machine learning, QoS/QoE management, security, and the automation of next-generation mobile
networks.

The contributions of the dissertation may be summarized as follows:

eThe scientific-applied contributions are expressed in the design and implementation of a
comprehensive O-RAN-based LTE/SG test network that integrates Open-sSOUIce platforms and
enables the experimental validation of new algorithms and architectural solutinns, ML/DL
models for anomaly detection. 2 multi-headed CNN model for QoE prediction in gaming video
streaming, an LSTM encoder-decoder model for Qo prediction in VR 360° video, and models
for throughput prediction in C-VZX scenarios have been developed and evaluated.

#The applied contributions are expressed in the practical implementation of individual software
components and mechanisms lor automated management: integration of a transformer model as
4 microservice in the analytical layer of NWDAF, a system for monitoring QoS parameters from
user devices, an ML-based method for selecting a network slice, and a demonstraiion of dynamic
allocation of radio resources to guaranice the quality of a UHD video stream.

2. Assessment of the publications related to the dissertation: number and nature of the
publications in which they have appeared. Reflection in science — use and citation by other
authors, in other laboratories, countries, etc.

The number of author publications reflecting the results of the dissertation is fourteen, In four of
them. Mag. Eng. Atanas Viahov is the first author, while in the remaining publications he participates
as a co-author. The publications are written in English and have been presented in intemnational
scientitic journals and forums, Particularly notable among them are publications in IEEE Access,
|EEE Open Journal of the Communications Society, Electronics, Journal of Mobile Multimedia, as
well as papers at international conferences. The publication activity is thematically related to the
main directions of the dissertation. I consider the publication activity to be sufficient in volume, 10

correspond well to the topic of the dissertation. and to ensure the necessary visibility of the achieved
scientific results.

6. Opinions, recommendations, and remarks.

The dissertation is well structured, comprehensive, and complete. 1 have no substantial critical
remarks regarding the dissertation. The recommendations and remarks indicated below do nol
diminish the achieved scientific, scientific-applied, and applied results, but are aimed al improvisg
clarity. consistency, and the future development of the research. y

olt would be advisable to present, in a summarized form, a unified table linking the datasets used.
the models, input parameters, evaluation metrics, and achieved results. This would facilitate the
tracing of the experimental logic between the individual chapters.
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sln the future development of the work, additional attention could be paid to dynamic thresholds
in anomaly detection, since the dissertation correctly notes that the use of a static threshold has
limitations under changing traffic profiles.

oA uscfil direction for future research would be a broader end-to-end evaluation of the proposed
mechanisms under conditions of higher load, different types of services, and longer time
intervals, as well as their integration into operator or near-operalor test environments.

7. Conclusion with a clear positive or negative assessment of the dissertation.

Based on the analysis of the dissertation and the publications. related to it, I consider that they
meet the requirements of the Development of the Academic Staff in the Republic of Bulgaria Act, the
Regulations for its Implementation, and the corresponding internal rules of the Technical Hniversity —
Sofia. '

With firm conviction, | give a positive assessment and recommend that the Scientific Jury award

M.Sc. Eng. Atanas | Vighov the educational and scientific degree of “Doctor” in Professional
Field 5.3 “Communication and Computer Technology”, in the scientific specialty “Communication
Networks and Systems”™, N
Date: 16.06.2026 Member of the Scientific Jury:

/ Assoc. Prof. Dr. Eng. Georgt Balzbanov /

o/


user
Rectangle

user
Rectangle


