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ABTOp Ha AUCEPTALMOHHWA TPYA: mar. uHX. Benbo EHes Bacunes (

MHTE/NIUreHTHU areHTU-acCUCTEHTH B pUCKoBa cpeaa”’
PeueH3seHT: npod. a-p Munena Kupunosa Jlazaposa—Muuesa

Kategpa KomnioTbpHu cuctemu, ®KCT, TexHUYecku yHusepcuteT—Codua

HacToawwara peueH3unsa e U3roTBeHa B Ka4eCTBOTO MU HA YJIeH Ha Hay4YHO XYpU, Ha3Ha4eHO CbC
3anoses No OXK-5.3-34/18.06.2025 r. Ha PekTopa Ha TexHUYecku yHuBepcuteT-Coduma 1 NpoToKoN
OT MbPBO 3aceaHne Ha Hay4HoTO xypu oT 1.07.2025 1.

JlOKTOpaHTbT Mar. MHX. Benbo EHeB Bacuies e 3auncieH B pefoBHA AOKTOpaHTypa no
[OKTOPCKa nporpama ,,CMCTeMM C M3KyCTBEH MHTENeKT” B Npo¢decuoHanHo Hanpasnexue 5.3
,,KOMYHUKALMOHHA U KOMMIOTbPHA TEXHUKA" KbM KaTeapa ,,KOMMIOTbPHU CUCTEMU U TEXHONOTUK
Ha ®akynTeT no ENeKTpoHMKa 1 aBTomaTtuka B TexHuyeckn yHusepcuter—Codus, dunvan Mnaosaus
Ha 1.03.2021 r. ¢ Hay4yHW pPbLKOBOAWUTENU AOU. A-p UHX. JunaHa byaakoBa M AOU. A-p WHX.
CtaHumup CredaHoB. CuutaHo oT 15.04.2021 r. AOKTOpaHTypaTa e TpaHchopmupaHa oT pesloBHa B
3a404Ha dopma. [JOKTOPAHTLT € U3NbIAHWUA UHAUBUAYANHUA CU NAH U € MOJIOXKUA BCUYKU U3NUTU
OT JOKTOPAHTCKMA MUHUMYM. OTYMC/IEH e ¢ NpaBo Ha 3awmTa Ha 1.02.2025 r. cbe 3anosep N
1005/19.03.2025 r. Ha Pektopa Ha TexHuuecku yHusepcutet—Codus. C peweHune Ha PakynTeTHuUs
cbBeT Ha Pakynteta no EnekTpoHuka u asTomaTuka (Mpotokon Ne12/17.07.2025 r.) no
npeasoXeHne Ha Kateapa , KOMNIoTbpHK cuctemu u TexHonorumn” (Mpotokon Ne13/05.06.2025 r.)
e B3eTO pelleHue 3a pasKpuBaHe Ha npoueaypa 3a nybanuHa 3awmTa Ha AUCEPTALUOHHUA MY

TPYA.

1. AKTyanHocT Ha pa3paboTBaHMA B AUCEPTALUOHHUA TPya npobiem B HaydyHO M HayyHO-
NPUNOXKHO OTHOLIEHUe

[ucepTaunMoHHMAT TPy4 € nocBeTeH Ha 6e3CnopHO aKTyasHa TemaTuka, CBbp3aHa C
M3noN3BaHe Ha BUPTya/iHa PeanHOCT U MawuHHO obyyeHue 3a mogenupaHe Ha BupTyanHu 3D
WHTE/MFEHTHU areHTM B pPUCKOBa cpega 3a O0OeKTM OT eneKTpoeHepruiHaTa cucTema.
MogobpaBaHeTo Ha aHanM3a Ha pucka npu paboTa B TakaBa cpena, MOBULIABAHETO Ha
CUTyauMoHHaTa MHGOPMUPAHOCT Ha MepcoHana M B3EMAHEeTO Ha OPraHU3aUMOHHU pelleHus
OTHOCHO M3rpa)KAaHeTo M eKCnioaTaumaTa Ha eNeKTPUHECKU 0BEeKTU U CbOPBKEHUA Ca 3HAYUMMU
BbMPOCK C MHOTO ro/IIMa BaXXHOCT 0COBEHO NMpu Bb3HWKBaHe Ha aBapuiHu cutyaumu. OT apyra
CTpaHa, KaKTo BMpTya/siHaTa PeanHocT, Taka M anropuTmuTe 3a MalWMHHO obyyeHue ca 06eKT Ha
MHTEH3MBHU U3CNeA0BaTENCKU YCUAUA MPe3 NOCAeAHUTE rOAMHU, KOUTO BOAAT A0 YCNELHOTO UM
M3non3BaHe 3a pelaBaHe Ha Pa3sHoob6pasHU NPobaemMn B MHOTO PasiMyHU MPUAOXKHM obnacTu.
AncepTaumoHHUAT TPy ycnewHo KombuHupa B HayYHO M3CnefBaHe Te3u ABe akTyanHu obnactu
KaTo npep/siara U3nosi3BaHETO Ha BMPTyasHa PeanHoCT U METOAM 3a MalMHHO 0byyeHue 3a
MOJeNupaHe Ha BUPTYaNeH TPUU3MEPEH TPEHAXKOP U BUPTYANHU 3D MHTENUrEHTHWU areHTu-
ACUCTEHTU B €NEKTPUYECKM MOACTAHLMUM, KaKTO U B 0BEKTU OT eNeKTpoeHepruiiHaTa cuctema 3a
CPeAHO /MK BUCOKO HanpexeHue.



Llenta Ha AMCEPTALMOHHOTO M3C/eABaHe e Aa Ce MOAENMPaT, Peann3npar 1 Uscie/Bsat HoBM
anroputmum 1 MoLenu 3a nosegeHue Ha UHTENIUTEHTHU BUPTYa/IHU 06yanau_uA ce areHTu-
acUCTEHTU B pUCKOBa cpeja. Ha 6asata Ha aHanM3 Ha TEKYLOTO CbCTOAHWE Ha npobnemHara
oBnactT ca hOpMyNMPaHU KOHKRETHW 3a4adyy 3@ nocTuraHe Ha noctasewata uen: (1) Aa ce
Npeasioxu peanuctuieH 3D NPOTOTUN Ha eNeKTpUYecKa NOACTaHLMA C U3NOA3BAHE Ha BUPTYa/Ha
PeasiHoCT, KOMTO No3BOAsABA 4@ Ce OTpasW Bb3AENCTBUETO Ha aTmochepHu yCNoBUA BbPXY
anapaTypaTa, AVMHaMW4YHO Bb3HWKBAHe Ha aBapuu, NPOBeXJaHe Ha PYTUHHK obxogn 1
HabnloAeHne Ha 0BEKTU OT eneKTpuYecka NoACTaHuUMA, OTKpMBaHe Ha npobnemu u obyuyeHue Ha
crysenTv; (2) Aa ce MOAenMpa U uscnefga NOBEAEHWETO Ha WHTENUTeHTEH BUPTYa/neH areHT-
acUCTEHT B PUCKOBA CPeAa, KOWTO MpuTexaBa 3HaHWA 33 PasBUTUETO Ha CUTyauusTa,
MPOCTPAHCTBEHM 3HAHWA, eMNaTWA, NPUOPUTETM W Bb3MOXKHOCTM 33 CMAHA HA NPUOPUTETH,
cTpaTerva 3a couMasnHa B/JAacT, YMEHWA 3a COUManHo obulyBaHe, peasnCTUHHOCT; (3) Oa ce
uscnensa eGeKTMBHOCTTa Ha Pas/MYHW anroputMu 3a obyyeHue CbC CTUMY/IMpaHe B PUCKOBA
cpepa, Aa ce NpeanoXaT MoauGULMPaHN anropuTMu C Liea NoBULWIABaHe Ha TAXHaTa edeKTUBHOCT
1 HOBW ANrOPUTMM M MOAenM 3a obyyeHune 1 3a nogobpasBaHe HA NOBEAEHUETO Ha UHTR/IUFeHTHU
areHTU-acUCTeHTU B PUCKOBA cpeaa; (4) [a ce n3noa3Ba MatemaTMyeckua anapar Ha 0606LeHnTe
MPEXM 1 Aa ce Npeasioxku 0606LeHO-MpeXxoB Mojes 3a U3C/eABaHe U aHau3 Ha NoBeAeHWe Ha
WHTENWreHTEH BUPTYa/fieH areHT-aCMCTeHT B puUcKoBa cpega. OnpesensHeTo Ha uenta u
KOHKpETHUTE 3ajauu, CBbp3aHu C MOCTUraHeTo i, ca 06OCHOBaHM OT aBTOpPa KOPEKTHO W
n3yepnaTenHo.

2. CreneH Ha nNO3HaBaHe CbCTOAHMETO Ha npobnema M TBOPYECKa WHTepnpeTauusa Ha
NITepaTypHUA matepuan

[cepTaLMOHHUAT TPYA AEMOHCTPUPA 334b1604eHO NO3HABAHE Ha aKTya/IHOTO CbCTOAHME Ha
npobnemHata o6nacT. ABTOPbT ACHO WMAEHTMMUMPA 3HAYUMOCTTA Ha MOBULIABAHETO Ha
CUTyaUMOHHaTa MHGOPMUPAHOCT U aHaNM3a Ha PUCKa MPU eKcnaoatauma Ha e/IeKTPOEHEPrUHN
06eKTM 0cobeHO B KOHTEKCTa Ha aBapuiHW cuTyauuu. M3cnepsaHeTo OTpasABa aKTyaslHUTe
TEHAEHUMU B Pa3BUTUETO Ha [Be AMHAMMYHO pa3BuBaliM ce 06aacT — BUPTyanHa peasHocT U
MalWWHHO 0ByYyeHne, KaTo ce OTYUTA TEXHUA LUMPOK CMEKTbP OT NPUIOXKEHUA U HENPEKBCHATOTO
MM YCbBbplLIeHCTBaHe. HanpaBeHWAT aHanu3 Ha CbleCcTByBalyM MNOAXOAM WU TEXHO0rUK
no3sonaBa GopMy/IMPaHETO Ha KOHKPETHU U3Caef0BaTe/ICKU 3a4a4M, CBbP3aHN C MOJEINPaHeTo
Ha 3D BUWpTyasHU Cpean, Cb3[4aBaHETO Ha PeaNUCTUYHU CUEeHapuMuM U UHTErpuMpaHeTo Ha
MHTENIUreHTHW areHTM C MOBeAEeHYeCKn MmMogenu, aganTMBHOCT U COUMANHU  YMEHMUA.
MpeactaseHaTa 6ubnuorpadcka chpaBka Mo AWMCEPTALMOHHUA Tpya Cbabpka obwo 230
M3TOYHUKA, OT KOMTO 176 U3TOYHWKA Ha AHTMICKK e3MK, 2 Ha 6barapcku e3uk u 52 UHTepHer
agpeca. LluTupaHute imMTepaTypHU U3TOUHULM, Ha KOUTO e BasupaH CpaBHUTENHUA IMTepaTypeH
aHanu3, 06XxBalAT Hay4YHW WU3CNeABAHUA U CTAaTUM B HAYYHU U30aHMA U MEXKAYHAPOOHM
KOHdEepeHUMn, KaTo noseye OT NOJIOBUHATA OT TAX ca nybaukysaHuu B nocnegHute 10 roauHu,
KOeTO TMOKa3Ba BWMCOKO HMBO Ha OCBEAOMEHOCT 33 aKTyaJlHuTe npeausBUKaTenctBa W
noTeHuMaiHUTE peleHna B 061acTTa. TBOPYECKUAT NPUHOC Ha AUCepPTaLMOHHNA TPYA Ce U3pasnBga
B CMHepruaTa Mex/ay BMpTya/sHaTa PeasiHoCcT U MeToamMTe 33 MalMHHO obyyeHue, NPUI0XKEHN B
cneuMdUUeH M KPUTUYHO BaXKEH KOHTEKCT Ha e/IeKTpOeHepruiHata cuctema. ABTOPBT He ce
orpaHuyasa A0 0630p Ha CblecTBYBaLLM NOAXOAM, @ Npeasiara HOBAaTOPCKU peLleHns, HacovyeHuU
KbM MOJe/iMpaHe Ha PUCKOBa Cpeja C BUCOKa CTeneH Ha peasiv3bM U Cb3AaBaHe Ha 0by4yaBalym ce
BUPTYa/IHXU areHTU C KOMMJIEKCHO NoBejeHue, BKAKYBALLO CTpaTerMyecko mMucieHe, coumanHa
KOMYHMKaUMs M ajantauma Kbm MNPOMEHAWM Ce yCnosua. BHeapsABaHeTO Ha anroputmu 3a
obyyeHMe CbC CTUMYy/AMpPaHE WM TAXHaTa moaudukauma 3a pabota B PUCKOBU YCNOBUA
npeAcTaBAABa OPUrMHANEH NOAXOA, AOMbAHEH OT NpUaaraHeTo Ha 0606LLEeHO-MPEKOBU MOAENU
3a aHanu3 Ha NOBEAEHMETO Ha areHTa.
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ToBa CBMAETENCTBA 3a YMEHWEe 3a KpeaTUBHa MHTEprpeTauus Ha JMTepaTypHUTE M3TOYHULM W
TAXHOTO pa3BUBaHE B MHOBATUBHM HACOKM, HAAXBbP/ALLW KNACMYECKUTE PELLEHNA.

3. CpoTBeTcTBME Ha M3bpaHaTa MeTOAMKA Ha M3cneABaHe C MOCTaBeHaTa uUen U 3ajauun Ha
[ANCePTaLUOHHUA TPYA,

MeTOAMYECKN [AUCEPTaLMOHHUMAT TPyA € NOrMYecku mnocneaosatesieH M afeksaTeH Mo
OTHOLWIEeHUe Ha M36paHaTa U NPUIOXKeHaTa MeTOoauKa Ha npoBexXjaHe Ha Hay4YHUTe uscnenBaHUA.
MEeTOAONOTUYHUAT MOAXOA € KOMMIEKCeH M 0bxBawa CUCTEMEH CPaBHWTENEH aHanu3 Ha
0COBEHOCTUTE M pa3/IMyHUTE acMeKTW Ha pasr/expjaHaTa TemaTudHa o6nacT, Ha OCHOBaTa Ha
KOMUTO e HanpaBeH 060CHOBaH M360p Ha METOAM, aNTOPUTMM W CPEACTBA 3a MOCTUraHe Ha LenTa
Ha AUCEepTaUMOHHMA TPyA W 33 pellaBaHe Ha nocTaBeHuTe 3aAauun. [lpeanoxenuTe,
pa3paboTeHUTe U M3CNeABaHUTE arOPUTMU U MOAE/NN Ce OCHOBABaT Ha A0bpe aprymeHTUpaHu
peleHns, TeopeTuyHa OBOCHOBKA, EKCMepUMEHTa/lHa OLeHKa, MpoBepka M BajauavpaHe Ha
Bb3MOXKHOCTUTE 33 MPAKTUYECKOTO UM M3MO/A3BaHe, KOETO rapaHTMpa He Camo MOCTUraHeTo Ha
Le/uTe Ha AucepTauuMAaTa, HO W N03B0O/ABA OBEKTUBHA OLEHKa Ha NpPeAsIoXKeHUTe pelleHus u
NOCTUrHaTUTE MPUHOCH.

4. KpaTKa aHa/IMTMYHA XapaKTePUCTMKA U OLEHKa Ha AOCTOBEPHOCTTa Ha martepuana, BbpXy
KOMTO ce rpaAaT NPUHOCUTE HA AUCEPTALMOHHUA TPYA,

MpeAcTaBeHUAT AMCEPTALMOHEH TPYA € CTPYKTYpUpaH B YBOA, YETUPU [N1aBy, 3aKNi04eHue,
CAUCBK C NPUHOCU, CMUCHK C NyBAMKALMU Ha [AOKTOpaHTa Mo AUCEPTAUMOHHMA TPy, CMUCHK C
UMTMPaHMA Ha nybavKauuuTe nNo AUCEPTALMOHHMA TPyA, CNUCbK C Yy4acTUA B HayyHO-
n3cnepoBaTesiCku NpoekT, bubanorpadcka cnpaBka Ha U3MO/I3BaAHUTE NUTEPATYPHU USTOYHULM,
CMUCBK Ha GUrypU, CMIUCHK C TabanLM, CAMCHK Ha M3MON3BAHU CbKPALLEHWUA U TepMUHK. OBmaT
o6em Ha aucepTaumoHHUs TpyA e 133 cTpaHuum. JucepTauMoHHUAT TPy Cbabpia 11 Tabanum m
37 purypu. LUutupanm ca 230 aMTepaTypHU M3TOYHUKA, NocodeHu B Gubanorpadcekara cnpaska.

B nbpBa rnasBa e NpeACTaBeH Nperies, Ha aaropuTMM 3a MalMHHO obyyeHune U3Nnoa3BaHu 3a
MOCTUraHe Ha CUIypPHOCT B PMUCKOBA Cpeja M ca pasrnefaHu Bb3MOMKHOCTUTE 33 NMPUIOXKEHUe Ha
BUpTyasiHa PeasiHOCT 33 MOJEeAupaHe U peanucTU4yHa BM3yasiM3auua Ha NpoLecu, ABJEHWA U
KPUTUYHM cUTyaumum B 061acTTa Ha eHepreTvMkata C ues ocurypasaHe Ha 6@30nacHO U HafeXAHO
obyyeHne Ha crneumanucTu. Boe BTOpa rnasBa e npeActaBeH MOAEN Ha peanHo CbluecTByBalla
OTKpUTa pasnpegenutenHa ypeaba v e npenoXxeH MoJeNn Ha UHTEIUTEHTEH BUPTYa/ieH areHT 3a
paboTa B puckoBa cpesa, 6a3npaH Ha NCUXONOrUYECKUTE TEOPUM 38 MOTUBALMA, EMOLUN U BNACT.
MpeacTaBeHO e CblWo U eMNUPUYHO NPOoyYBaHe 33 JOBEPUETO M CTeNeHTa Ha PeasiMCTUYHOCT U
NONE3HOCT, KOMTO MOCTUra areHTa. B TpeTa rnaBa e npeasiokeH moauduumpaH anroputbm 3a
MalMHHO obyuyeHue upes ctumyaupane (Intensity of Characteristic Q-learning, InCh Q-learning) 3a
OTKpMBaHe Ha ONTUMaNEH MbT 33 €BaKyaLMs, KAKTO U MOAEN Ha UHTEIUTeHTEH BUMPTYasieH areHT-
Maep, U3nos3Ball, aBTOPCKU anropuTbM C MHOMXECTBO M/JaHOBE 3a peanu3auua Ha afanTUBHO
nosegeHue. YeTBbpTa r/nasBa npeactass ABa 06006WeEHO-MpeXoBM Moaena 3a uscnedpaHe Ha
epeKTUBHOCTTA Ha MHTE/IMTEHTHU BUMPTYaIHU areHTu 3a paboTta B pMCKOBa cpeja Ypes3 npuaaraHe
Ha Pas/INYHK CLLEHapUM U Pa3INYHM aArOPUTMK 33 MALLMHHO 06y4yeHue. HanpaBeH e cpaBHUTENEH
aHanu3 Ha edeKTMBHOCTTa Ha anroputmute PPO, SAC, GAIL n CB, nogabpxaHu ot ML-Agents
Toolkit Ha Unity. MNpeactaBeHn ca gBa cueHapua 3a obyyeHne Ha BUPTyaneH APOH 33 raceHe Ha
noXxap v obyyeHue Ha BUPTyasieH eNeKTPOUHKeHep, KOMTo TpsbBa Aa peanv3upa cnacuTenHa
onepauus.

OT npeAcTaBeHOTO M3NOXeHue, GopmyanpaHaTa Len Ha SUCePTALMOHHUTE U3CeABaHUA U
NnocTaBeHUTE BbBB BPb3Ka C HeA 3a[auM, KaKTO M U3MNO0/3BaHUTE CPeacTBa 3a peanusupaHe Ha
uenta, MOXe [Ja Ce HanpaBW 3aK/JYeHUe, 4Ye mar. MHXK. Benbo BacuneB pobpe nosHaBa
CbCTOAHMETO Ha pasraexjaHute npobiemu. AUcepTaLMOHHUAT TPYA € U3rPafEH BbPXY HaAeKaHa
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1 obLIMpPHa TEOPETUYHA U NPaKTMYecKa ocHoBa. CTPyKTypaTa Ha AUCEePTAUMOHHUA TPy € 10TUYHa
W NoCneaoBaTesiHa — OT aHa/lM3 Ha aKTya/HOTO CbCTOAIHME HA u3cneasaHaTa npobnemartuka Ao
MoJennpaHe, eKCrnepMMeHTanHa NpPoBepKa U OLeHKa Ha NpeaJ/ioXKeHuTe peleHus. ToBa Mu aasa
OCHORAHME na onpeaens NONy4eHUTe pe3yntatv 1 CBLR3aHUTE ¢ TAX NPUHOCU KaTO A0CTOBEPHU
NPaKTUYECKW Nosie3Hu M 060CHOBaBA OPUTMHANHOCTTA M HayyHaTa CTOMHOCT Ha NpejJ/IoKeHuTe

MOZeNN U aNifOPUTMU.

5. Hay4yHu u/1Mau Hay4HONPUIOXKHU NPUHOCKU Ha AUCEPTALUOHHUA TPYA,

Mpuemam GOpMyaupaHUTE OT aBTOpa MPUHOCKU, MOCTUITHATU B PE3y/NTaT Ha WM3BbPLUEHUTE
Hay4YHu wuscneasaHus. MpuHOCUTE MoraT Aa ce OTHecaT KbM KaTeropuute oboraTtaBaHe Ha
CbLECTBYBALLO Hay4HO 3HAHWE U Hay4HWU NOCTUXKEHUA B NPaKTUKaTa, KaKTO U Cb3AaBaHe Ha HOBM
n moauduumMpaHe Ha CbLUECTBYBalM METOAM, NOAXOAM, MOAE/IM U aNrOPUTMM 33 peluaBaHe Ha
NoCTaBeHUTE B AUCEPTALMOHHUA TPYA 3a4a4MN.

Ha 6a3ata Ha nonyyYeHuTe B AucepTauMOHHaTa paboTa pes3yaTatM NOCTUrHaTUTE NPUHOCK
morat ga 6bAaT CUCTEMATU3UPAHU KATO Hay4YHU, HAYYHO-NPUIONKHU U NPUNOXKHU KaKTO CesBa:

" HAyYHU NPUHOCU:

— MpepnoxeH e o0606uWeHO-MpPeKOB MoOgesl 3a u3cnegBaHe Ha edeKTUBHOCTTA U
NOBEAEHUETO Ha UHTE/IUTEHTEH areHT-acuUCTeHT 3a paboTa B pUCKOBa Cpeaa;

" HAYYHO-NPUMOHHU NPUHOCU:
— lMpepacTaBeHa e HOBA apXMUTEKTypa Ha 06yYaBaly Ce MHTE/IMIreHTEeH BUPTyasieH areHT 3a
paboTa B pucKoBa cpeaa, 6azupaH Ha N0Ie3HOCT, KOMTO CMEHA NPUOPUTETUTE CHU C LeN
fAa obyyasa notpebutenute Korato e 6e30MacHO M Aa M eBakyupa M cnacu npu
Bb3HWKBaHe Ha aBapus;

—  W3cnepBaHO e NOBEAEHUETO HA WHTE/IMTEHTHU BUPTYa/SiHU areHTU-aCUCTEHTU B
pUCKOBa cpeaa 3a [oKa3BaHe Ha HeobxoAMMOCT Te Aa MMaT poAf, KOATO UM [JaBa
COLManHa BNACT KaTo /MAEpU; Aa NpuUTe)KasaT MPOCTPaHCTBEHU 3HAHMUA, 3HAHUA 3a
M3NON3BAHETO M HAZMYMETO Ha MPOTUBOMOXKAPHA EKUNUPOBKA M 3HaHMA 3a
Pa3BUTUETO Ha PUCKOBATa CUTyaLMs; Aa MMaT eMOLMMU, NPUOPUTETU U YMEHUA 3a
coumanHo obuiyBaHe;

— lMpepnoxex e anroputem Intensity of Characteristic Q-learning algorithm (InCh Q-
learning) 3a HamupaHe Ha ONTUManeH NbT 3a eBaKyaLMa Ype3 U3N0A3BaHe Ha JaHHM 3a
MHTEH3MBHOCTTA Ha XapaKTEPUCTUKMTE Ha NOKapa;

— [lpeanoxeH e noaxos 3a NOCTUraHe Ha aAanTUBHO NOBEAEHUE Ha UHTE/IMFEeHTEH areHT
B PUCKOBA CpeAa 4pe3 M3NoN3BaHe Ha MHOXECTBO MN/IAHOBE U [ABE HEBPOHHU MPEXH,
KouTo nognomarat u3bopa Ha KOHKpPETEH Naax;

— HanpaseH e aHanu3 Ha epeKTUBHOCTTA Ha NOBEAEHUETO HA UHTE/IMTEHTHU BUPTYaNHU
areHTu, obyyeHun ¢ anroputMm 3a obyyeHue cbe cTumyampane (SAC, PPO) u anroputMmu
3a obyyeHue c umutayma (BC, GAIL);

" [IPUAOXCHU APUHOCU:

— lpeanoxeHu ca npototunu u 3D mogenn 3a: (1) peanHo CbliecTByBalla OTKPUTA
pasnpegenutenHa ypeaba; (2) obyyasaly ce BUPTyasieH areHT-aCUCTEHT, KOMTO MOXe
A3 obyyasa notpebutenn B PUCKOBA CpeAa, Aa CMEHA NPUOPUTETUTE CU Mpw
Bb3HWKBaHe Ha aBapuA, [a W3NbAHABA MNOCNEA0BATENHOCT OT AeiCTBMA npu
peann3npaHeTo Ha cnacuTesiHa onepauus; (3) BUPTyasHa eNeKTpUYecKa NOACTaHLMA C
ANHAMUYHO Bb3HUKBALWLM aBapuu, NPUYNHEHU OT METEOPO/IOTUYHU ycnosus.
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6. OLleHKa 3a CTENEeHTa Ha IMYHOTO y4acTue Ha AUcepTaHTa B npuHocute

MpeAcTaBeHOTO CbAbPMKAHUE W CTPYKTYpa Ha AMCEPTALMOHHUA TPYA NOKassaT OTAUYHOTO
no3HaBaHe Ha TpeTupaHaTta npobnemaTka OT CTpaHa Ha AoKTopaHTa. EAHa ot nybaukysaHuTe
A&BAT HAYUHMU CTATUM OLO BPLIKI C AMCEPTALMATA @ CaMOCTOSTe/HW, a OCTaHanuTe ca B
CbaBTOPCTBO C Hay4yHUTE My PbKOBOAMTENM, KaTO B /BE OT TAX [JOKTOPaHTbT € MbpBu 3BTOp.
MNpeAcTaBeHUAT ANCEPTALMOHHUA TPYA U NybAMKauMmUTe KbM HEro NPaBAT OT/NIMYHO BneyatieHue
33 HayyHaTa pabotra Ha mar. uHX. Benbo Bacwies, KOATO Ce XapakTepusupa cC
WHTEPACULMNNNHAPHOCT, aHAIMTUYHOCT, 334bNB0YEHOCT M NPeunsHOCT. CYntam, Ye INYHUA My
MPUHOC NPU NOCTUraHe Ha NPeACTaBEHWUTE HAayYHU PE3yNTaT U NpUHOCKH e 6e3CnopeH.

7. MpeueHka Ha Ny6MKaLuuTe No AUCEPTALMOHHMA TPYA

MonyyeHUTe OT aBTOpa Pe3y/TaTu OT AUCEPTALMOHHOTO M3CneAsBaHe ca nybaukyeBaHu B 9
Hay4Hw cTaTuu. [iBe OT Ny6auKauuuTe ca NPeACTaBeHN Ha MEXAyHapPOAHM Hay4HU KOHpepeHuun,
nposeseHu B uyxbuHa (15" International Conference on Agents and Artificial Intelligence, 60th
International Scientific Conference on Information, Communication and Energy Systems and
Technologies). Ceem OT cTaTUMTe ca AOKNAABAHW HAa MEXAYHApPOAHW Hay4yHU KOoHdepeHuuu,
nposeaeHu B bbarapua (11t International Scientific Conference on Engineering, Technologies, and
Systems, 12t International Scientific Conference on Engineering, Technologies, and Systems, 13th
International Scientific Conference on Engineering, Technologies, and Systems, 12t International
Scientific Conference Computer Science, International Scientific Conference on Engineering,
Technologies and Systems (TechSys2025)). EaHa OT CTaTUUTE € CaMOCTOATE/IHA OCTaHa/uTe Ca B
CbaBTOPCTBO C Hay4yHUTE PbKOBOAUTENM Ha AOKTOpaHTa. Bcuuku nybavKauuu ca Ha aHrIMACKK
e3uk. MybankaumuTe ca HanpaseHu B nepuoga 2022-2025 roauHa U NOKpPMBAT TemaTUKaTa Ha
npeacTaBeHaTa AucepTauMoHHa paboTa KaTto OTpas3ABaT OCHOBHWUTE MOCTUrHATU pPe3ynTatn U
npuHocu. Llect oT nybankaumuTe ca MHAeKcupaHu B Scopus. [lge ot nybankauuute umat obwo 5
LMTMPaHMA OT YyXK/AeCTPaHHU aBTOPH, ABE OT KOWUTO B Ny6MKaLMKU MHAEKCUPAHU B SCOPUS.

8. U3non3saHe Ha pe3ynTaTuTe OT AUCEPTALMOHHUA TPYA B Hay4YHaTa NpaKTUKa

Pe3yntaTute OT HayyHWUTE M3CNeABAHUA MO AUCEPTAUMOHHUA Tpyhd Ca W3N0/3BaHWU MNpuU
Y4aCTMETO Ha AOKTOpPaHTa B HayYHO-U3C/Ne0BaTeNCKM NpPoeKT, duHaHcmpaH ot PHU kbm MOH,
KaKTO M BbB BPb3Ka C Y4aCTMETO MY B HaLMOHasHa nporpama ,Mnagu yyeHu U nocTA0KTOPaHTU-
2, ¢uHaHcupaHa oT MOH.

Cyutam, Ye NpaKTUYecKaTa LLeHHOCT Ha M3C/e[BaHETO Ce OCHOBAaBa BbB Bb3MOMXHOCTTA 33
NPUNOXKHO MPaKTUYECKO WM3MNON3BaHe Ha pa3paboTeHWTe MOAeNM Ha YMHa enekTpuyecka
NOACTaHUMA U BUPTYaNHWU areHTU-eNeKTpoTexHUUM. Ha 6aszata Ha NoayYyeHuTe B AUcCepTaLMOHHUA
TPyA pesyntatM morat ga 6baat pa3paboTeHu M BHEAPEHU PeaNHU NPUIONKHU NPOAYKTU 33
nopobpsBaHe Ha aHa/iM3a Ha pPUCKa Mpu paboTa B efleKTpuyecka NOACTaHUMA uan 06ekT oT
eNeKTpoeHeprumHaTa CUCTEMa 3a CpeaHO W/WAM BUCOKO HanpeKeHwe, 3a MOBMLIABAHE Ha
CUTyaUMOHHaTa WHPOPMMPAHOCT Ha MepcoHana, KakTo M 3a B3eMaHe Ha OpraHu3auuMOHHM
peLeHUs OTHOCHO U3rPaKAaHeTo M eKCNN0aTauMATa Ha ENeKTPUYECKM 0BEKTU U CbOPBIKEHUS.

MonyyeHuTe pesynTaTM MoOraT Aa Ca NoNe3HW Ha WM3CNef0BaTesiu, AOKTOPAHTU U CTYAEHTU npu
NPOBEXAaHe Ha Hay4yHW u3cneaBaHua u npu obydeHne B 06nacTTa Ha AUCEPTaLUOHHUTE
uscneaBaHus.

9. OueHKa Ha CbOTBETCTBUETO Ha aBToped)epaTa C N3UCKBAHUATA 3a USFOTBAHETO MY, KaKTO U Ha
afleKBaTHOCTTa Ha OTpa3fABaHe Ha OCHOBHUTE MOJIOXKEHUA U NMPUHOCUTE Ha AUCEpPTaLUOHHUA
TPYA

AsTOpedepaTbT KbM AUCepTaLMATa CbOTBETCTBA HA AUCEPTALMOHHUA TPYA — BAPHO M TOYHO
0TpassBa uenTe, 3aia4nTe, CbAbPKAHNETO NO rNABKU, NOCTUTHATUTE NPUHOCHU.
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AsTopedepaTbT e NoAroTBeH M 0GOPMEH CbINACHO U3UCKBAHUATA 338 U3rOTBAHETO MY U CYUTAM, Ye
6e3CI'IOpH0 HOCU CBLWHOCTHUTE HepTU Ha AUCEePTaUUOHHUA TPpYA, KaTo OoTpas3ABa B ageKBaTeH obem
1 NO KOPEKTEH Ha4MH HErOBOTO CbAbPIKAHME,

10. MHeHuUA, NPenopbKKU 1 6enexxku

HanpaseHuTe 3abenexku npu 3ano3HaBaHETO MW C BepcuATa Ha AuCepTauUOHHWA Tpya,
npe/acraBeHa 3a npeaBapuTenHo obcbaaHe B KaTeapaTa, ca B3eTU Noj, BHUMaHWe 1 ca OTpaseHu
B NpeAcTaBeHaTa guceprauma. KbM gUCepTaLMOHHUA TPYA MMaM CaMmo TexHUYecka 3abenexka no
OTHOLWEHME MbAHOTO M ToYHO Bubnvorpadcko onucaHWe Ha NUTepaTypHUTE M3TOYHUUM C
M3MON3BAHETO Ha eANHEH CTUA.

[ucepTaumMoHHUAT TPya nokassa ronam obem Ha M3BbPLIEHUTE HAyYHW M3cnenBaHus,
cBMAETeNcTBa 3a OT/IMYHO 3ano3HaBaHe Ha aBTopa C npeameTtHata obnact, wuacTpupa
3a4bN60YEHOCT Ha M3BBPLUEHUTE HAYYHWU U3CNeABaHMA U AaBa Bb3MOXHOCT 33 Pa3BUTUETO UM U
MPaKTUYECKOTO MM M3N0N3BaHE. [IPenopPbKUTE MU KbM AOKTOPAHTA Ca Aa NPOABL/XKU HaYYHUTE CU
n3cneaBaHna No TemMaTta Ha AUCEPTALMOHHMUA TPYA M A2 HAaCOYM YCUAMATA CU KbM BHeApABaHe Ha
pa3paboTeHnTe anropuTmMuM U MOLENN B NPaKTMKaTa C Ues MNOCTUraHe Ha NpeKkn NPUNOXKHU
pe3ynTaTtu.

Kbm AOKTOPaHTa UMaM CnegHUTe BbnpoCcu:

1. KakBu ca OCHOBHUTE npean3BuUKaTesICTBa NpPU UHTerpauuATa Ha npeasoXeHute mMmoaenn Ha
UHTENTUTEHTHU BUPTYA/ZIHU areHTU B peasiHn EIIEKTDOEHeprVIﬁHM cucTemmu?

2. Bb3mMOXHO nu e pa3paboTeHnTe MOAENU Ha WMHTENUreHTHW BUPTYaNHW areHTM pa Ovaat
afanTMpaHn 3a ApYrM  KPUTUYHU  MHOPACTPYKTYpU U KakBu moauduKkaumm 6buxa bunm
Heobxoaumu?

11. 3aknoueHue

Ha ocHOBaHME Ha WM3N0XKEHOTO CYMUTam, Ye AUCEePTAUMOHHWUA TPyA HambAHO OTroBaps Ha
M3UCKBaHMATA Ha 3aKOHa 32 Pa3BUTME HA aKageMUYHWMA CbCTaB B Penybnuka bBwvnarapusa, Ha
[paBuaHWKa 32 npunaraHe Ha 3aKOHA U CbOTBETHUA MPABUAHMK Ha TeXHWUYeCKM yHUBepcUTeT—
Copuna M Ha u3NCKBaHMATA 3a NpuaobueaHe Ha obpasoBaTenHaTa M HayyHa CTeneH ,A0KTop”.
MpoBeaeHUTe Hay4YHW M3CnefBaHWUA Ca B aKTyanHa obnacTt u Tpetupar npobnemaTtuka, KOsTo e
06eKT Ha 3acuneH U3cnenoBaTeNCKU UHTEPEC. ABTOPBT € MOCTUrHaM NOCTaBeHUTe LLean 1 3a4aum B
auceptaumoHHua Tpya. [lonydyeHuTe pe3ynTatm CbAbPMKAT HAyYHWU, HAYYHO-MPUNONKHU WU
NPUNOXHW MPUHOCK, KOUTO Ca 3HAYUMM, AEWUCTBUTENIHO Ca NONYY4EeHM M Ca Heroso Aeno.
CbluecTBeHUTe NPUHOCU Ha AMCEPTALUMOHHUA TPYA Ca OTPa3eHU B Hay4YHWU nybaMKauum, KoUTo ca
afeKBaTHO pPa3nNpoCTPaHeHU M HanpaBeHW AO0CTOAHME Ha 3auHTepecoBaHaTa Hay4Ha obuwHocT
ypes nybAUKyBaHETO UM B HayYHU AOKNAAM HAa KOHPEPeHUMUM U CTaTUKM B HaYYHU CNUCaHUA.

ETo 3all0 gaBam CBOATa MONOXWUTENHA OLEHKA HA NPeACcTaBeHMA AUCEPTALUMOHEH Tpya W
npeanaram Ha yBaxaemute yneHose Ha HayyHoTo »ypu ga 6bae npucbaeHa obpasosaTtenHaTa u
Hay4Ha cTeneH ,A0KTOp” Ha mar. uHX. Benbo EHes Bacunes no HayyHa cneumanHoct ,,Cuctemu ¢
U3KYCTBEH WHTENEKT” B npodecrmoHanHo HanpasneHue 5.3 KOMYHMKaUMOHHA M KOMMIOTbpPHA
TEXHUKA.,

29.08.2025 . PeueH3eHT:
/ npod. a-p Munena Jlazaposa—Mwuuesa /
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Title of the dissertation: “New algorithms and models for intelligent agents-
assistants in risk environments”

Reviewer: Prof. Milena Kirilova Lazarova—Mitseva, PhD

Dept. Computer Systems, FCST, Technical University of Sofia

This review is prepared in my capacity as a member of the Scientific Jury appointed by Order
No OX-5.3-34/18.06.2025 of the Rector of the Technical University of Sofia and Protocol
No.1/1.07.2025 from the first meeting of the Scientific Jury.

MSc. Eng. Velyo Enev Vasilev was enrolled as a full-time PhD student in doctoral program
“Artificial Intelligence Systems”, professional field 5.3 Communication and Computer
Engineering” at the Department “Computer Systems and Technologies” of the Faculty of
Electronics and Automation at Technical University of Sofia, Branch Plovdiv on 1.03.2021
with scientific supervisors Assoc. Prof. Dr. Eng. Dilyana Budakova and Assoc. Prof. Dr. Eng.
Stanimir Stefanov. The PhD study have been transformed from full-time to part-time as
0f15.04.2021. MSc. Eng. Velyo Enev Vasilev has fulfilled all the requirements in the individual
plan of his PhD study and has successfully passed all the required exams. He was discharged
as a PhD with the right to defend his thesis on 1.02.2025 by Order No. 1005/19.03.2025 of
the Rector of Technical University of Sofia. The procedure for the public defence of his
dissertation has started by a decision of the Faculty Council of the Faculty of Electronics and
Automation (Protocol Ne 12/17.07.2025) on the proposal of the Department “Computer
Systems and Technologies” (Protocol Ne 13/05.06.2025).

1. Relevance of the dissertation topic in scientific and applied aspects

The dissertation addresses a relevant topic related to the use of virtual reality and machine
learning for modelling virtual 3D intelligent agents in a risk environment for power system
objects. The improvement of the risk analysis when working in such environment, the
increase of situational awareness of the personnel and the organizational decision making in
regard to the construction and the operation of electrical sites and facilities are significant
issues of great importance especially when emergency situations occur. On the other hand,
both virtual reality and machine learning are subject to intensive research efforts in the
recent years that lead to their successful utilization for solving a variety of problems in many
different application domains. The dissertation successfully combines these two topical
scientific areas in a research study by proposing the use of virtual reality and machine
learning methods to model a virtual three-dimensional simulator and virtual 3D intelligent
agent-assistants in an electrical substation as well as a medium and/or a high voltage power
system objects.
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The thesis aim is to model, implement and investigate new algorithms and behaviour models
for intelligent virtual agent-assistants in a risky environment. Based on the analysis of the
current state of the art in the problem area several research tasks are defined related to the
dissertation aim: (1) To propose a realistic 3D prototype of an electrical substation using
virtual reality, which allows to reflect the impact of atmospheric conditions on the
equipment, dynamic occurrence of accidents, conducting routine walkthroughs and
monitoring of electrical substation objects, problem detection and student training; (2) To
model and explore the behaviour of an intelligent virtual agent-assistant in a risky
environment that has knowledge of the evolving situation and spatial knowledge, exhibits
empathy, holds priority and priority shifting capabilities, supports social power strategy,
social communication skills and realism; (3) To investigate the effectiveness of various
incentive learning algorithms in a risky environment, to propose modified algorithms to
enhance their effectiveness, and new algorithms and models for learning and for improving
the behaviour of intelligent agent-assistants in a risky environment; (4) To utilize the
mathematical apparatus of generalized networks and to propose a generalized-network
model in order to investigate and to analyse the behaviour of an intelligent virtual agent-
assistant in a risky environment. The dissertation aim and the objectives related to its
achievement are correctly and thoroughly formulated and defined.

2. Degree of knowledge on the dissertation topic and constructive interpretation of the
bibliography

The dissertation demonstrates a thorough knowledge of the current state of the art in the
targeted problem area. The author clearly identifies the importance of increasing situational
awareness and risk analysis in the operation of power facilities especially in the context of
emergency situations. The study reflects the current trends in the development of two
dynamically evolving fields, virtual reality and machine learning, taking into account their
wide range of applications and their continuous improvement. The analysis of existing
approaches and technologies allows the formulation of specific research tasks related to the
modelling 3D virtual environments, the creation of realistic scenarios and the integration of
intelligent agents with behavioural models, adaptability and social skills. The bibliographic
reference of the dissertation contains a total of 230 sources, of which 176 in English, 2 in
Bulgarian and 52 Internet addresses. The cited literature sources on which the literature
analysis is based include research papers and articles in scientific journals and international
conferences, more than half of them published in the last 10 years that indicates the
author’s high level of awareness of the current challenges and the potential solutions in the
field. The creative contribution of the thesis is expressed in the synergy between virtual
reality and machine learning methods applied in a specific and a critical context of the power
system. The author does not limit himself to a review of existing approaches but proposes
innovative solutions aimed at modelling a risky environment with a high degree of realism
and creating learning virtual agents with complex behaviours including strategic thinking,
social communication and adaptation to changing conditions. The implementation of
incentivized learning algorithms and their modifications to work in risky environments is an
original approach complemented by the application of generalized network models to
analyse agents’ behaviour. This demonstrates the ability of the author to creatively interpret
the literature and develop it in innovative directions beyond classical solutions.
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3. Consistency of the used research methodology with the dissertation aim and objectives

Methodologically the dissertation is logically consistent and adequate in terms of the chosen
and applied methodslogy of conducting recearch. The uced methodological approach is
complex and covers a systematic comparative analysis of the features and the different
aspects of the research field under consideration. On that basis consistent decisions and
selection of methods, algorithms and means are made for solving the dissertation tasks and
objectives. The proposed, developed and investigated algorithms and models are based on
well-reasoned decisions, theoretical justification, experimental evaluation, verification and
validation of the possibilities of their practical utilization which ensures not only the
achievement of the dissertation goals but also the allows objective evaluation of the
proposed solutions and the achieved contributions.

4. Brief analytical characteristic of the dissertation and assessment of the reliability of the
material on which the contributions of the dissertation are built

The presented dissertation is structured in an introduction, four chapters, a conclusion, a list
of contributions, a list of publications on the dissertation, a list of citations of the
publications on the dissertation, a list of participation of the PhD student in research
projects, a list of bibliographic references of the used literature sources, a list of figures, a list
of tables, a list of used abbreviations and terms. The dissertation has 133 pages. The
dissertation comprises 11 tables and 37 figures. The list of cited bibliographic references
comprises 230 references.

In the first chapter of the dissertation an overview of machine learning algorithms used to
achieve security in a risky environment is presented as well as the possibilities of applying
virtual reality for modelling and realistic visualization of processes, phenomena and critical
situations in the field of energy to ensure safe and reliable training of professionals are
discussed. The second chapter presents a model of a real existing open switchgear and
proposes a model of an intelligent virtual agent for working in a risky environment based on
the psychological theories of motivation, emotion and power. The chapter also presents an
empirical study of the credibility and the degree of realism and utility achieved by the agent.
In the third chapter a modified incentive based machine learning algorithm is proposed
(Intensity of Characteristic Q-learning, InCh Q-learning) used to discover an optimal escape
path, as well as a model of an intelligent virtual agent-leader that utilizes the author's
algorithm with multiple implementation plans for adaptive behaviour. Two generalized-
network models are suggested in chapter four used to investigate the effectiveness of the
intelligent virtual agents to operate in a risky environment by applying different scenarios
and different machine learning algorithms. A comparative performance analysis of the PPO,
SAC, GAIL and CB algorithms supported by Unity's ML-Agents Toolkit is performed. Two
scenarios of training a virtual drone to extinguish a fire as well as training a virtual electrical
engineer to implement a rescue operation are also presented.

Based on the dissertation content, the formulated dissertation aim and the research
objectives defined in the dissertation as well as the means used for their accomplishment, a
conclusion can be made that MSc. Eng. Velyo Enev Vasilev is well aware of the state of the
art of the scientific topics under consideration. The dissertation is built on a solid and
extensive theoretical and practical foundation. The structure of the dissertation is logical and
coherent — from the analysis of the current state of the studied problems to modelling,
experimental verification and evaluation of the proposed solutions.




This gives me a reason to conclude that the achieved results and the research contributions
obtained in the dissertation are reliable and practically valuable and justifies the originality

and scientific value of the propesed models and algorithms.

5. Scientific and applied contributions of the dissertation

| accept the research contributions formulated by the author in his dissertation as a result of
the research carried out. The contributions can be related to enrichment of the existing
scientific knowledge and scientific achievements in practice as well as development of new
and modification of existing approaches, methods, models and algorithms for their
application for solving the problems investigated in the dissertation.

On the base of the results obtained in the dissertation the contributions of the dissertation
can be classified as scientific, applied-scientific and applied as follows:

= scientific contributions:

— A generalized-network model is proposed for investigation of the efficiency and
the behaviour of an intelligent agent-assistant for working in a risky
environment;

= applied-scientific contributions:

— A novel architecture of a utility-based learning intelligent virtual agent for
operating in risky environments is presented that changes its priorities to train
users when it is safe and to evacuate and rescue them when an emergency
occurs;

— The behaviour of intelligent virtual agents-assistant in risk environments is
investigated to demonstrate the need for holding a role that gives social power
as leaders; to exhibit spatial knowledge, knowledge about the use and
availability of firefighting equipment and knowledge about the evolution of the
risk situation; to demonstrate emotions, priorities and social communication
skills;

— An Intensity of Characteristic Q-learning algorithm (InCh Q-learning) is proposed
utilized to find an optimal evacuation path using fire characteristic intensity data;

— An approach to achieve adaptive behaviour of an intelligent agent in a risky
environment is proposed using multiple plans and two neural networks that
support the selection of a specific plan;

— The performance of the behaviour of intelligent virtual agents trained with
incentive learning algorithms (SAC, PPO) and imitation learning algorithms (BC,
GAIL) is analysed;

= applied contributions:

— Prototypes and 3D models are proposed for: (1) a real existing outdoor
switchgear; (2) a learning virtual agent-assistant that can train users in a risky
environment, change its priorities when an emergency occurs, perform a
sequence of actions in the implementation of a rescue operation; (3) a virtual
electrical substation with dynamically occurring accidents caused by weather
conditions. e
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6. Assessment of the extent of author’s personal participation in the dissertation
contributions

The presented contant and the structure of the dissertation reveals the author's excellent
comprehension on the dissertation topic and the presented field of study. One out of the
nine research papers published in connection with the research presented in the dissertation
is single authored by the applicant and the others are co-authored with his scientific
supervisors, in two of which the PhD student is the first author.

The presented dissertation and the research papers on its topic make an excellent
impression of the scientific work of MSc. Eng. Velyo Vasilev which is characterized by
interdisciplinarity, analytical, thoroughness and precision. His personal contribution to the
achievement of the presented scientific results and contributions is undoubted.

7. Evaluation of the author’s publications on the dissertation’s topic

The results of the dissertation research obtained by the author have been published in 9
scientific papers. Two of the publications are presented at international scientific
conferences held abroad (15th International Conference on Agents and Artificial Intelligence,
60th International Scientific Conference on Information, Communication and Energy Systems
and Technologies). Seven of the papers are presented at international scientific conferences
held in Bulgaria (11th International Scientific Conference on Engineering, Technologies, and
Systems, 12th International Scientific Conference on Engineering, Technologies, and
Systems, 13th International Scientific Conference on Engineering, Technologies, and
Systems, 12th International Scientific Conference Computer Science, International Scientific
Conference on Engineering, Technologies and Systems (TechSys2025)). One of the papers is
single authored by the applicant and the others are co-authored with his scientific
supervisors. All publications are written in English. The publications are made in the period
2022-2025 and cover the topics of the presented dissertation reflecting the main achieved
results and contributions. Six of the papers are indexed in Scopus. Two of the publications
have a total of 5 citations by foreign author, two of them are in papers indexed in Scopus.

8. Utilization of the dissertation’s results and contributions in scientific and social practice

The research results and the contributions of the dissertation are used in the fulfilment of a
research projects funded by the National Science Fund of the Ministry of Education in
Bulgaria as well as in the National Scientific Program “Young Scientists and Postdoctoral
Students-2” funded by the Ministry of Education and Science.

| consider the practical value of the research as based on the possibility of practical
application of the developed models of a smart electrical substation and virtual agent-
electricians. On the basis of the results obtained in the thesis, real applied products can be
developed and implemented to improve the risk analysis at work in an electrical substation
or an object of the medium- and/or high-voltage power system, to increase the situational
awareness of personnel as well as to make organizational decisions regarding the
construction and operation of electrical objects and facilities.

| also consider the results obtained as useful for both researchers, PhD students and
undergraduates in research and training in the scientific field under consideration.
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9. Assessment of the compliance of dissertation’s autoreferat with the requirements for its
preparation as well as its accurate presentation of the dissertation’s content and

contributions

The dissertation’s autoreferat corresponds to the dissertation thesis — correctly and
accurately reflects the dissertation aims and objectives, the content by chapters and the
research contributions achieved. The autoreferat is prepared and formatted in accordance
with the requirements and | consider that it presents the essential features of the
dissertation reflecting in an adequate volume and in a correct manner its content.

10. Comments, recommendations and remarks

The comments | made on the version of the thesis submitted for preliminary discussion in
the department are taken into account and are reflected in the submitted thesis. | only have
a technical remark to the dissertation regarding the complete and accurate bibliographic
description of the references using a uniform style.

The dissertation presented for a review reveals a large amount of research studies carried
out, demonstrates the author’s excellent research comprehension on the addressed
scientific problems, reveals the thoroughness of the research carried out and provides an
opportunity for its further development and practical utilization. | would recommend the
author to continue his research on the dissertation topic and to focus his efforts towards the
implementation of the developed algorithms and models in practice in order to achieve
direct applied results.

| have the following questions for the PhD student:

1. What are the main challenges in integrating the proposed models of intelligent virtual
agents in real power systems?

2. Is it possible to adapt the developed models of intelligent virtual agents to other critical
infrastructures and what modifications would be needed?

11. Conclusion

Based on the above said | consider the dissertation presented for review in the procedure
for awarding the “Doctor of Philosophy” degree as fully corresponding to and fulfilling all the
requirements of the Act on the Academic Staff Development in Republic of Bulgaria and the
Regulations governing the application of the Act as well as the Regulations for the
application of the Act in the Technical University of Sofia. The dissertation topic falls in a
relevant scientific field subject to intensive research studies. The author fulfilled the
dissertation goals and the objectives. The results obtained contain scientific and applied
contributions that are significant for both science and practice and are achieved by the
applicant himself. The contributions of the dissertation are published in scientific papers that
are adequately disseminated and made available to the international scientific community
through presentation and publication in research conference proceedings.

Therefore | am convinced of my positive assessment of the dissertation presented and
propose to the honourable members of the Scientific Jury MSc. Eng Velyo Enev Vasilev to be
awarded a “Doctor of Philosophy” degree in the professional field 5.3 “Communication and
Computer Engineering”, scientific specialty “Artificial Intelligence Systems”.
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