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Peuensenr: npodg. a-p un:k. Muiiena HukoioBa Muiesa-Kaposa

1. O0wa xapaKkTepHCTHKA HA IHCEPTAUMOHHHUS TPY/

JucepTauMoHHUAT TPy ¢ OPOPMCH B YBOJ, YCTHPH IJIABH, 3AKIIIOYCHHE, CIIUCHK C MPUHOCH,
CNUCBK C NMyOJMKALMM 110 JUCCPTALMOHHHMSA TPYHA, CIUCBK C LMTHPAHMS, CHUCBK C Y4acTusi B
HAYYHO-H3CJICI0BATCIICKH TPOCKTH, Ondanorpadusi, Ciucbk ¢ (PUrypH, CUChK ¢ TaOJMULM U CITUCHK
C M3MOJ3BaHU ChbKpaweHus U TepMuHu. O0wusaT odbem ¢ 133 crpanuim, karo BKiarouBa 37 Gurypu
u 11 tabmuuu. CriMchbKbT HA U3MOA3BaHATA JIUTCpaTypa BKIouBa 230 nuTepaTypHy U3TOUHHKA, 110-
roJisiMa 4yacT OT TsiX ca oT nociaenuure 10 roanuu.

ﬂ,ldCCpTaLIPlOHHMﬂT TpyA € NOCBCTCH Ha MCTOAM 3a HPECACTABAHC U MOJCJIHMPAHC HA 3HAHUA H
AJITOPUTMU 3a B3CMAHC Ha PCLUCHMS, MCTOAM 3a MAalUIMHHO 06y‘ICHHC H M3II0JI3BAHCTO MM 3a
MOJCJIMPAHC HA PALMOHAIIHO ITOBC/ICHUE HA HHTCIMICHTHHA arcHTHU-aCUCTCHTU B PUCKOBA Ccpcaa.

B nbpBa rnaBa e mpeacTaBeH MHOIO JCTAMIM3MPAH AHANW3 HA AITOPUTMHTE 33 MAIIMHHO
00y4eHHME M NPHIJIOKCHHATA 32 BUPTYaJHA PEATHOCT, M3MOJ3BaHH B OOJIACTTA HA CHEPICTUKATA.
Pasriicaanu ca MHOro 1opodHO AIrOPUTMH 33 MAILIMHHO 00YUCHHUC 3@ HACOYBAHE HA CBAKYALMs OT
OIIaCHHM CPeIM M IPEJOTBPATSBAHE HA IOBPEM, 332 NPOrHO3MPAHE HA MOXApH, 3a HAMUPAHE HA
CbBPEMEHHM PEIUCHUS HA IIPOOJEMH KaTO: CHpaBsHE C BBIVIEPOAHH EMHCHH, PaJHOAKTHBHH
OTHaabLM, YCKOpsiBAHE HA HAMHUPAHETO HA HOBM €JIEMEHTH 3a SAJPEHO IOPHBO, 3a AMEICKTPULIHA M
Apyru. Hampasen € ananu3 3a M31oJ13BaHe HA AJITOPUTMHU OT MALIHHHOTO OOYUYEHHE B NPOEKTH 3a
BUpTyanHa peannoct. Hanpaseun ca 3 o0cToiiHN M3BOM, CBBbP3aHM ¢ pab0OTa B PHCKOBA Cpejla U B
YaCTHOCT B 001acTTa Ha €HepreTukara, HeoOXOAMMOCTTA OT BHPTYan€H MHTEJIMICHTEH areHT 3a
KOMYHMKALHs, CIICICHC W PCAKLM 1IPH aBapuifHN cuTyauun. Dopmyiupann ca UEJINTE U 3a1a4UTC
HA JIUCEPTALUMOHHUS TPYI.

Bropa rnasa ¢ 1nocsercHa Ha MO/C/IMPAHE HA MOBCJACHUCTO HA BUPTYAJICH areHT B Ciydaii Ha
PHUCKOBA CHTYyallMs BbB BUPTYyallHA CJICKTpPHUUCCKa nojacranuus. OCHOBHUTC aKLUCHTH €A HACOUYCHH
KbM IPOCKTHPAHC HA [IOBCACHHUCTO HA OTKPHTA pPA3NpCACIHUTC/HAa ypeada ¢ JAMHAMHYHO
BB3HHKBALUM aBAPHU W NPOBCXKIAHC Ha NPOPHIAKTHYCH 00X0a. MOJCIMPAHO ¢ MOBEICHUETO HA
MHTCJIMTCHTCH BUPTYaJCH areHT B PHUCKOBA CHUTyalMs CbC CMsHA Ha wuead W npuopuretd. C
IIOMOILTA Ha BUPTYAJCH aBaTap, ynpapisgBaH OT MOTPEOHUTEIs, € CUMYJIMPAaHO H3BBPLUBAHETO Ha
PYTHHCH NPOQUIAKTUYEH OOXOJ HA EJCKTpHYecKa HoACTaHuus. I[IpoBENEHO € eMIMPHYHO
[IpOyYBaHe, ¢ OrpaHuyen Opoi MorpeduTeNH, KOETO [OKa3Ba TAXHATA IIOJIOKHTENIHA Harjgaca u
FOTOBHOCT [a H3I10J3BaT 0OyyaBall MHTEIMICHTEH arcHT-aCUCTEHT, Gasupal Ha I0JIE3HOCT B
pHCKOBa cpeja.

Tpera rnaBa npencrasst METOM U CPEACTBA 3a AJAITHBHO IOBENCHHE HA MHTCIMICHTEH areHT
pu eBakyauus. MHOro noapo6no e onucana moxudukaius Ha Q-learning anropurbma, HapeueH
Intensity of Characteristic Q-learning (InCh Q-learning), K0iTO € anropuTbm 3a 00yueHHE ChC
CTUMYJIMPAHE 33 OTKPUBAHC HA HAH-KPATHK M CHIIEBPEMEHHO Haii-0e30raceH MbT 3a €BaKyaLMus.
Ilpennokeno e kackaaHo mH3ION3BaHE HA 1BE HEBPOHHH MPEXKH, KOHTO Obp30 U edekTHBHO
HAMHPAT HAH-TIOJAXOMSLIMS TUIAH 33 €BaKyalus BbB Bpeana padorHa cpesia. [Iposesenute




eKCHepHMeHTM C IIpUJIaraneTo Ha AJITOPUTHM 3a €BaKyalus, KOHTO HU3IT0JI3BA M
DAKVITET . B BT i
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HHTCJIIMITCHTHH ar¢HTh B pPHCKOBA cpca. HOqueH[/I ca Ta6JIPIL[H C

CKCTIEPHMEHTATHUTE PCRYITATH I CA HATIPARCHM 00001IIEHI H3ROJIN.

Yraan ninos

YeTBbpTa IJ1aBa € NTOCBETEHA HA MOJC/IMPAHE M H3CJIC/BaHE Ha e(beKTHBHOCTTm}IHH
areHTH B CLIEHAPHMHM 34 PUCKOBA cpeja. Mogenupanu ca o0ydaBally Cpeau 3a 00ydeHHe Ha MOJE
BUPTYaJICH JPOH 3a raceHe Ha Moap, BUPTyaJleH arcHT B pojisATa Ha eleKTpouHkeHep,. Hampasen ¢
0o0cTOeH aHanu3 Ha e(EeKTUBHOCTTA HA MHTEIMTEHTHHS BHUPTYaJICH aCHCTEHT B PHCKOBA Cpeja.
IlpencraBeH e 0000IIEH MPEXKOB MO/JEN, KOMTO aHaMM3Upa €(PEeKTHBHOCTTA HA HMHTEIIUICHTHHSA
BUPTYaJICH aCHUCTEHT. 3a LeJITa Ce W3I0JI3BaT MHACKCHPAHU MATPHULM Ha IPEXOIUTE B MOAEIHTE.
ITpu wM3cnenBaHETO Ha MOJACT Ha BHUPTYAICH EIEKTPOUHIKEHEp, KOWTO TpsabdBa [a H3BbPIIM
CIIACUTEJIHM ONEepaluy MPU pa3IuyHU CLEHApUH 3a OOydeHHE C€ HU3MOJ3BaT AJITOPUTMHUTE 34
ab100K0 o0ydyenue upe3 crumyqupade SAC, PPO u anropurMuTe 3a UMHTALMOHHO O00ydeHHE
GAIL u BC, nogaspxkanu ot Unity ML-Agent unctpymeHntapuyma. Pesynrature nokassar, 4ye
TC3M QIrOPUTMH ca CCKTHMBHH M MOXC Ja CC H3IO0J3BAT 3a DPCIUIABAHC HA PCAJIHU 3a4a4u.
ITpenoxkeHu ca YCTUPH CLCHAPHS 3a IIPOBCXK/JAHE HA CIIACUTCIIHA ONCpalMs, KOUTO CE OTHACAT 3a
JOCTUIAHE HA: CTaTM4YHA LCJA B CTaTMuHa H Oc3omacHa cpeaa; JAMHAMM4Ha IC]I B CTaTH4YHA M
OesonacHa cpeja; CTaTMyHa LieJl B CTaTUYHA W OMacHa Cpejaa; AMHAMUYHA LeJ1 B JIMHAMMYHA H
ornacha cpeja.

2. AKTYaJHOCT Ha npod.uaema

JlucepTauMOHHUAT TPYJ, ¢ HACOYCH B M3KJIKOUMTCIHO HOBA, aKTyallHA M JMHAMM4HA 00JIacT:
JUTHTANIM3ALHS HA TOJissMa 4acT OT MHAYCTPHAIHUTEC TCXHOJOIMHM C HM3I0J3BAHC HAa CbBPCMCHHHU
CpeACTBA: HM3KYCTBCH MHTCJICKT WM KOIHMTMBHM CHCTCMH, MALIMHHO CamMoo0ydcHue, 1bJI00KO
00yueHHMC, HEBPOHHHM MPCKH, ABTOHOMHM arcHTH, CHUMyJaluH, J00aBeHA PCalHOCT, BUPTYyaHA
pcanHocT. Beuuku Te ca MOJCPHH, CCKTHBHH, JMHAMHYHH, CTPATCTHYCCKH W OTKPHBAT HOBH
BB3MOKHOCTH IPECJ HayKata M HaydyHUTC u3ciacaoBatend. JlucepranTsT padoru B peasiHa
MUHTEPAMCIMIUIMHApHA 00/1acT, CBbp3aHa C IMO3HAHUSA OT pa3M4YHM 00JacTH HA Haykara H
npakrtukara. B aumceprauuonHms Tpyzn ca M3CIEIBaHM M pa3padOTEHHM METOAM MU CPEACTBA 3a
NpPeACTaBsSHE U MOACIMPAHE HA 3HAHMS U aJIFOPUTMHM 3a B3€MAHE HA PELICHMs], METO/HM 3a MALLIMHHO
o0yveHHE M H3IOJI3BAHETO MM 3@ MOJCIMPAHE HA PALMOHAIHO MOBEIACHHE HA MHTEIMIEHTHH
AareHTH-aCUCTEHTH B  CJIEKTPUYECKAa NOJACTaHUMA, pa3MIekJaHa Karo pHCKOBA  cpeja.
[IpeanoxkenusT MOzE)l Ha HHTEJIMICHTCH BUPTYaJIeH areHT 3a paboTa B PUCKOBA cpea paboTH Ha
0asara Ha NMPUIJIOXKCH U N000PEH AITOPUTHM OT MAIIMHHOTO O0YUEHHE BbB BUPTYAJICH MOJC] Ha
peaJiHa eJICKTpHYEcKa MOACTaHLHUS.

HaBnusanero Ha M3KYCTBCHHsI MHTCJICKT B NPOCKTUPAHCTO HA HOBH MOJICAM WHTCIMICHTHH
arcHTH, 3aC/IHO C MPCIMMCTBATA HA BUPTyallHaTa Cpcla JaBaT BB3MOXKHOCTH 3a MOJC/IMpAHE Ha
LICHHOCTHA CHCTCMA Ha 00yuaBallMs CC arcHT, Taka 4c Ja yrnpasisiBa HAYMHA, [0 KOWTO IOCTUIA
LCJIUTC CH U 14 CMCHSA IIPHOPUTCTUTE CH Npu HeoOXoaumocT. Ch3aaBa ce Bb3MOKHOCT 38 COLIUAIHO
o0LIyBaHe MEX/y arenTa U rnorpedurTenuTe. Morar aa ce pa3padoTsT HHTEIUreHTHH unTepdeiicu
3a O0yyeHME M peaKUuM Ha CHELMAINCTH B PUCKOBH cpeid. M3rpaskiaHeTo Ha HHTENMICHTHH
TPEHAXKOPH, ¢ MHOrO 100pa eeKTUBHOCT € HAamBJIHO OCHLICCTBUMO Ha 0Ga3ara Ha MOJIy4EHHTE
pe3yaTaTH OT U3IO0JI3BAHETO HA PEAIMCTUYHUS 00yJyaBall C€ MHTEJIMI€HTEH areHT.

3. Crenen Ha 1103HaBaHE HA CHCTOSIHHETO HA NP0G.eMa M TBOPUCCKA HHTEPIPETALHS HA
JUTEPATYPHHS MATEepPHAJL.

B nacTosimsi aucepTalMoHHEA TPyH € HANpPABEH [OAPOOEH JMTEepaTypeH 0030p Ha IoJsM
HabOp OT JuTEepaTypHM M3TOYHHLM. Pasrneknar ce CbCTOSHHMETO M JAOCTHXKCHMSTA Ha
CbBPEMEHHUTE CHCTEMHU, 0a3MpaHd Ha METOAMTE 33 MALUMHHO O00yYeHHe 3a MOJENMpaHe Ha
PaLMOHANTHO MOBEACHUE HA HHTCJINICHTHM arcHTH-aCUCTGHTH B pPHCKOBara cpeja Ha
€NIeKTpUYeCKHTe nojcranunn. [pemnara ce aHanu3 Ha TEKyLIOTO CbCTOSHHME M AKTYaJHOCTTAa HA
TEeMATHKaTa. Pasrnexnar ce METOM U AIrOPUTMH 33 PEallu3alis Ha MHTEIUICHTEH 00ydaBail ce
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areHT-aCHCTEHT B PHUCKOBA cpeja. AKIEHTHPAa Ce€ BBPXY IIPOECKTHPAHET: npnnaraHeTo\
QAJTOPUTMH 32 MALIMHHO O0Y4YeHHE Ha MHTEJIUIEHTHU areHTH-aCHCTEHTH T\Tangg xxfa pgs})lf%lfm
XapaKTepUCTHKH Ha aBapUifHaTa CUTyauus Hin OeacTBHeTo. MHOro aQQpe~ce _AHalM3upaAT Al

OpHUIAraT MOJEIM HA RUPTYATHNW HWHTCITUTCHTHHA ATCHTH=ACHUCTCHTI, MRZIION JDIR-}),R r}”ﬂ\w
peamHoCcT 3a O0y4yeHHe Ha CHNECUMAJIMCTH 3a paboTa B pHCKOBAaTa Cpeja. ca
eKCMIEPUMCHTH 3a OLICHKA, BaluJanus M BepUHUKALMA Ha IpeUIOKEHATa apXUTEKTypa, Ha
QITOPUTMH 32 00Y4YEHHE M MOJENM HAa BUPTYaJlHH WHTEJIMIECHTHH ar€HTH-aCHCTEHTH B PHCKOBATa
cpena. PaspaGoreHu ca CTaTUCTHYECKHM METOAM 3a 0OpabOTKAa M NpEACTAaBSHE Ha IOJIYYECHHTE
CKCIICPUMCHTAJIHU JaHHH.

}106paTa HHTEPINpETAlIUs HA JIUTECPATYPHUSA MATCpHall, 3abI0O0UYCHHAT aHATIA3 H HAIpaBEHUTC
H3BOJW B TJIABUTC HA JHCEPTAUUOHHUA TpPYA, JOKA3BAT BHCOKa CTEIICH Ha TI03HABAaHE Ha
CBhCTOSIHHETO HaA npo6nema OT CTpaHa Ha JOKTOpAaHTa. Kato pe3yiTaTr Ca Ile(pl/IHHpaHH nejara Ha
AUCEPTAITUOHHUS TPYA U KOHKPECTHUTEC HAYYHOHU3CICIOBATCICKH 3aa4YH.

4. CporBercTBHe HA M30paHaTA METOAMKA HA H3C/eJBAHE H NMOCTABEHATA LieJ M 3a4a4H
HA IMCEPTAUHOHHUSA TPY/]

IIpencraBenuTe B JIMCCPTALMOHHUS TPYA PE3YJITATH Ca MOJYYCHH Bb3 OCHOBA HA 3a1bJ00UCH
TCOPCTHYCH AHAIM3 HA HOBU QIrOPUTMM M MOJCIHM 32 ITOBCACHUC HA MHTCIUICHTHU BUPTYAJIHH
00y4aBaly CC arcHTU-aCHCTCHTH B PHUCKOBA cpe/a. Pa3paboTBaHeTo HAa peasuCTHUYCH MTPOTOTHI Ha
CIICKTPHYCCKA MOJACTAHLMA C M3MO0I3BAHC HA BUPTyalHa pPCATHOCT M NPUIAraHCTO H B
MOJCIMPAHCTO W M3CJICABAHETO HA IOBEJCHMCTO HAa MHTCIMICHTCH BUPTYAJICH arcHT B PUCKOBA
cpea, peliaBa HaIlbJIHO MOCTABCHUTE B AUCCPTALMOHHMS TPY/L 3a/1a4H.

MscneaBaneTo Ha eCKTUBHOCTTA HA PA3JIMYHU AITOPUTMH 3@ 00YUCHHME CbC CTHMYJHPAHC B
puckoBa cpesa, MOAM(PHUUMPAHCTO HA BCUC CHLUCCTBYBALM AICOPMTMH C LEJ MOBUIIABAHC HA
TAXHATA CCKTUBHOCT, NPC/IAraHCTO HA HOBH AITOPUTMH M MO/IC/H 32 00YUCHHC ¢ PEILABAIIO 34
ycnexa Ha HanpaBCHHUTC u3cncaBaHus. IlpuwiaraHero Ha mMaTemMarvyecKu amapat Ha 0000ILCHHUTE
MPEKOBH MO/IEJIM 33 M3CJICJBAHC M aHAJIM3 HA IOBEJEHHETO HA MHTEIUIeHTEH BHPTYAJIEH areHT-
ACHCTCHT B PHCKOBA CpE/ia, 10PA3BHBA MMOCTHKEHHATA B 00J1aCTTa HA MOJCJINTE U AITOPUTMHTE 32
MOBEICHNE HA HHTEJIMIEHTHU BUPTYaIHU 00yyaBally C€ areHTH.

S. Tlpunocu no qucepraumonuara paora

[lpuemam popmynupannre ot aBropa mpuHOCH, KOMTO ca o06o6uwenu B [IpHHOCH 110
ANCCPTALUMOHHMSA TPy M MOraT aa ObIar CHCTCMATH3MPAHM KATO HAyYHH, HAYYHO-TIPHIOKHU U
NPUJIOXKHU KAKTO CJIe/IBa:

Hayunu npunocu:

I. Tlpeyoken ¢ 06061ICHO-MPEKOB MOJEI 32 M3CIICABAHE HA C)CKTUBHOCTTA U MIOBEACHHETO
Ha MHTCJIMICHTCH arcHT-aCUCTCHT 3a padoTa B pUCKOBA Cpejia.

Haylmo-nptmo.mml npunocu.:

1. TlpencraBena e HOBa apXMTeKTypa Ha 00ydyaBall ce WHTEIMICHTCH BHUPTYyaJIeH areHT 3a
paboTa B puckoBa cpesia, 6a3supan Ha I101€3HOCT, KOHTO CMEHs IIPHOPUTETHTE CH C Len ja
00y4aBa IOTPEOUTENNTE KOraTo ¢ GEe3011acHO 1 1A I €BaKyMpa i CIIACH [PH Bb3HUKBAHE Ha
aBapusi;

2. Mscnensano e 10BEACHHETO HA MHTEIMICHTHH BUPTYaIHH aCHCTEHTH B PHCKOBA CpEia 3a
N0Ka3BaHE HA HEOOXOAMMOCT T€ Ja MMAT pOJis, KOSATO UM JaBa COLMAJHA BJACT KATO
JHACPHU; 1A NPUTEKABAT [IPOCTPAHCTBEHH 3HAHMS, 3HAHMS 3a W3II0JI3BAHETO H HAIMYKMETO HA
IIPOTHBONOXKAPHA CKHIIMPOBKA, 3HAHMA 33 PAa3BUTHETO HA PUCKOBATa CHUTYALMs; 1d MMAT
CMOLIMH, IIPHOPUTETH U YMEHHSA 3a COLIHAIIHO 0OLLYBAHE;

3. Tlpemnoxen e anropursm Intensity of Characteristic Q-learning algorithm (InCh Q-learning)
34 HAMHMpaHE HA ONTUMAJICH BT 3a C€BAKyaUus Ype3 H3MO0I3BAHE HA JAHHH 32
MHTCH3MBHOCTTA HA XaPAKTEPHCTUKATE Ha 110Kapa;



4, Hpennomeﬂ € I0JXO0J 3a IIOCTHIaHE€ Ha aJallTUBHO ITOBCJACHHC HA HHTCIUICHTCH arc¢HT B
PHUCKOBa cpeja 4pe3 M3II0J3BaHe Ha MHOMECTBO IUIAHOBE H J[BE HEBPOHHHM MPEKH, KOUTO
noArnoMarar u300pa Ha KOHKPETCH IIJIaH,

5. Hanpapen e amanmz ua e@EKTHRHOCTTA HA TOREJCHMCTO HA WHTEJTUTCHTHUS BU TyaneH

o6yquHe ¢ nmurtauus (BC, GAIL).

Hpuno.ucnu npunocu:
\

1. Ipeanoxenu ca npoToTuny u 3D moaenu Ha: o
7'!7

van UG B.\V

a. Peanno chliecTByBallia OTKpUTA pasnpeesuTesHa ypeada. =

b. OGyuaBall ce BUPTyaleH areHT-aCHCTEHT, KOHTO Moxke Ja o0yyaBa MOTPEOUTENH B
PHCKOBA CpE€aa, 1a CMCHH MPHUOPUTETUTE CH ITPH BHL3HUKBAHC Ha aBapus; Aa U3II'bJIHH
MMOCIeJOBATECIIHOCT OT nelcTBUS IpU PCATU3UPAHETO HA CITACHTCJIHA oncpanuA.

C. BinyanHa CJICKTPUYCCKA IOACTAHUMS C [JWHAMWUYHO BB3HHKBAIUM aABAPHH,
NPUYUHCHH OT MCTCOPOJIOI'HYHHUTC YCIIOBHA.

TTocTUrHATUTC HAaY4YHOM3CJIC/IOBATCICKY PC3yJITaTH Ca aKkTyaJlHd W 3HAYMMHU B HAyuCH H
HAay4YHO-MPUJIONKCH ACHCKT M C YCNEX MOrar Ja C¢ M3Moa3BaT 3a ObACLIM HAYy4YHO-NPAKTHYCCKH
pa3padoTKH.

6. OueHKA HA CTENEHTA HA JIMYHO y4yacTve HA JOKTOPaHTa B IPHHOCHTE

CuuraM, 4Ye¢ JOKTOPAHTBHT B 3HAUMTEIHA CTCICH, M3LSJIO € y4acTBaJ IIPU M3BbPIUBAHC HA
OTACJIHUTE CTalld OT M3CJC/ABAHMSATA B AUCCpTaUMOHHUA Tpyh. IlpejacraBeHure Hay4HH, HAY4IHO-
OPHJIOKHHM W TPUIIOKHHM NPUHOCH Ca JIMYHO JeJI0 Ha Mar. HHx. Besnpbo Bacuies, noJ Hay4HOTO H
METO/AMYECKO PHKOBO/JICTBO HA HCrOBHUTC HAYYHH PbKOBOAMTCIM JIOL. A-p MHXK. Jlunsna byjakosa u
nou. a-p umx. Cranumup CredanoB. [lokasarencrso 3a Toa ca IyOJIMKALMMTE HA JIOKTOPAHTA U
Yy4aCTHETO B PA3JIMUHU U3CIIE0BATEICKH IPOCKTH.

7. IlpeuneHka Ha NyOJHKAUMHUTE 110 JUCEPTAUMOHHHA TPY/

[TosyueHnuTe OT aBTOpPA PE3YJITATH OT AMCEPTALHMOHHOTO H3CieABaHe ca MyOnuKyBaHu B 9
HAy4YHH CTaTHM, OT KOMTO | caMmocTosiTellHa W OCTAHAIUTE B CbABTOPCTBO C HAYUHHTE
pbKOBOAMTENH. Beuukn nyOiukauMu ca MHIACKCHpaHdn B MexayHapojasara BJI  Scopus. 6 or
CTATHUTC Ca JOKJIAJBAHH HA MEKAYHAPO/IHHM HAayYHH KOH(CPCHUMH, NPOBCACHH B bwirapus, 3-
CTATHH Ca JIOK/IaJBaHN HA MCIKAYHAPOIHN KOH(epeHunu B uyxouna. [Tybaukauuure ca HanpaseHH
B neproja 2023-2025 roauHa ¥ OKPUBAT TCMATHKATA HA IPCACTABCHATA AMCCPTAUMOHHA padora
KaTto OTpa3siBaT OCHOBHUTC IOCTUTHATH pe3yntatd U npuHocu. [IpexcraBeHu ca AaHHH 3a 2
LMTUPAHUS HA NyOJIMKAUMUTE N0 JUCCPTALIMOHHUSA TPYyd. B HanpaBeHa crpaBka B MCXKIyHapoaHaTa
HHICKCHpaHa 0a3a Scopus cc¢ BHXKAA, Y€ JOKTOPAHTBT HMMA ouic 6 UMTHPAHHS BbpPXY CBOU
nyomukauuu. Xupil Gakropst ¢ 2. JJOKTOpaHThT MMa y4yacTHE B 2 HAy4YHH MPOCKTA C TEMATHKA,
CBBbp3aHa ¢ TeMaTa Ha JOKTOPAHTCKUS TPYI.

OunensiBam II}’6JII/IKZILIMOHHaTa JIICHHOCT Ha OOKTOpaHTa KaTo OTJIM4YHa W CYdTaM, 4Ye
PE3YATATUTE OT pa60TaTa 10 JUCCPTAlMOHHUSA TPy C€a CTaHAIU B AOCTATb4Ha CTCIICH AOCTOSHHE
Ha 61>ﬂrapCKaTa U MEXJIAyHapoaHaTa Hay4dHa OOLHOCT. B;OKa'SaTeIICTBO 3a TOBa TBBPACHUC Ca
OCEMTE LUTATH B MEKIYHApOIHATa Bl:[ SCOpUS.

[TyOnukanuuTe No JUcepTalMOHHUS TPY B KOJIMYECTBEHO U KAYSCTBEHO OTHOLLIEGHHE HAIIBJIHO
YIOBJIETBOPSBAT M3MCKBAHUATA 3a Ipu100HBaHe HAa 00pa3oBaTellHa U Hay4YHa CTelneH ,,JJokTop®.

8. Msnou3BaHe HA MOJIYUEHHUTE Pe3yJITATH

He ca npencraBenn paHHu (cepTu(HKATH, yIOCTOBEPEHHs) 3a MPAKTHYECKO BHEIPSBAHC HA
IOJIyYEHHUTE Pe3yJITaTH OT HAYyYHUTE W3ClelBaHus U pa3paboTku B quceprauuoHHms Tpya. ITpasu
BIIEUATIEHHE pa3paboTenus 0000LIEeH MpPEXOBH MOJEN 3a aHaIM3 Ha e(eKTHBHOCTTa Ha
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UHTEJIMTEHTHHS BUPTYaJIeH areHT W M3I0J3BaHETO Ha MaTeMaTHYCCKH anq‘pa‘r{' ;(Ifl’-'}_ifiHaIeKQI:IQQI,I,?})_
matpumi. ToBa JaBa BH3MOKHOCT 3a T0-e(heKTHBHA OLCHKA Ha [OBEICHHETO Ha acHCTe a  Tana-
MOYKE J1a Ce M3II0NI3BA 3a MOCTUTAHE HA aJaNTHBHO NMOBEJCHHE HA areHTa, Ja MO e;ﬁgj}courp
HAUHMHA 10 KOITO MOCTUTA LEJIMTE CH W J1a CMCHS TTPMOPUTETHATE MPH HCOﬁXOﬂWMO &Y, bMYa
CH37aBaT MHTEJIMTEHTHH HHTEp(ENCcH 3a COLMATHO OOIIyBaHE MEXAY INOTPEOMTENs W areHTa.
CB31aIeHUAT MOJE] HAa PeaJMCTHYCH BUPTYAICH areHT M HOBUTE MOAM(PHIMPAHH AITOPHTMH 32
00y4eHHETO My MOraT Ja C€ M3MOJI3BaT 3a MPOBEKIAaHE HA MO-HATATHIUHM H3CJICABAHHA C II0-
CJIO’KEH MOJIE Ha TPEHAXKO0P.

IlpaBu BrieyaTieHue roeMus Opoii rpaduky U AUarpamu, 4pe3 KOMTO MHOTO TOYHO U SICHO ca
BUIMMH HANPaBEHUTE aHAIHM3H U 000O0ICHHUS BCISCTBUE HA TIPOBEACHUTE EKCIICPUMEHTH.

CuymuTaMm, 4e M3CJIC/IBAHUATA B JTUCEPTALMOHHHUS TPy ¥ IOCTUTHATUTE PE3yNTaTH MOrar ja ce
U3M0N3BAT YCIENIHO 3a M3TPAXKIaHe HA MHOKECTBO HHTC/IMICHTHH BHPTYalHH arcHTH, paboTely
BBB BHPTYaJIHH CPEIM C PHUCK, KAKTO M TEXHOJIOTMMTE CBBP3aHU C TAX. BUPTyalaHa cpena,
QIFOPUTMH OT MAIUMHHOTO OOY4CHMC, MOAXOAM 3a AJANTHBHO IIOBCACHUC HA HMHTCIWICHTCH
BUPTYaJICH ACUCTCHT B PUCKOBA CPE/a U AlallTUBHU CTPATCTUH 34 CBAKyalUsl.

9. MHueHus, 3a0€JIeKKH U NPENOPbKU

JIMcepTaUMOHHUAT TPYA € O(GOPMCH CTapaTe/HO M IPUIICKHO. BHIHO € BMCOKOTO HHMBO Ha
KOMIICTCHTHOCT Ha JOKTOPAHTA, HCrOBUTC JBJIOOKH MO3HAHKS B 00J1acTTa HA: METOJH U AJITOPUTMH
34 MAUIMHHO OGyLlCHMC 3d MOJACJIMPAHC Ha palMOHAJIHO I1OBCACHMC HAa HMHTCIUICHTHH arCHTH-
ACHCTCHTH B PUCKOBATa Cpe/ia; M3MOJI3BAHC HA BUPTYAIHA PEATHOCT 3a 00YUYCHHE HA CIICLHUATHCTH
3a paboTa B pMCKOBA CPE/1a; UMINICMEHTHPAHE HAa MOJICJIMTC HA MHTCJIIMICHTHU arCHTH U OLICHSIBAHC
Ha apXUTCKTYPH, AJITOPUTMHU 32 O0YUCHUC U MOJCIM HA BUPTYaJIHU MHTEIMICHTHH arcHTH. B Te3u
aKTyaJIHM TEMAaTUKH DPabOTAT OrpoMcH OpOH CBCTOBHM H3CJACAOBATCIM M HAay4YHH KOJICKTHUBH.
JIOKTOPAHTBT € MOCTUTHAM [TOCTABCHUTE LIC/M U 3a/1a44 B AUCCPTALMOHHUA TPY/] M Ha TAXHa 0a3a ¢
dopMynupasl IIOCOYCHHUTE HAyYHH, HAYUHO-NPHJIOKHH MW TIPWIOKHH TNPUHOCH. Bceuuku
eKCTIIePUMEHTAIHN PE3yNTaTH ca MyOJMKYBaHH B MEXIYHApOIHM KOH(EpPEHLUHM M CIHCAHMS.
["onsimMa wacT OT TAX ca BUAMMH M B MEX/IyHapo1HATa MHJIEKCHpaHa 6asa Scopus.

Cupnram, ye JUCEPTALMOHHUST TPY/] CBUIETEJICTBA 32 MHOI'O JJ00pO 3aro3HaBaHE HAa aBTOpaA C
pasriiexaaHaTa IpeiMeTHa o0usacT, NpeacTaBs rojsM Opod M3BBPLICHH HAayYHO-IPAKTHYECKH
U3CIE/BaHMs M J1aBa BB3MOKHOCT 3a Obaewmn pa3paboTkW B 007acTTa HA HMHTEJIMIEHTHUTE
BUPTYaJHH areHTH, paboTelly B PUCKOBA Cpejia.

KbM quceprauMoHHUs TPYA UMaM 2 PEIaKTOPCKH 3a0CICIKKH:

" B TCKCTAa HA JAMCCPTALMOHHHS TPYA IMOHATHCTO ,,BUPTyaJHA PCAIHOCT™ cE cpelia Karo
cpkpatwenue BP u VR. Cuuram, e tpsbBa na ce yeqHakBu;

"  U3MN0JI3BAHUTC ChKPALLCHHUs M TepMUHHU B CNHUCHKA HA M3I0/3BaHU CHKPAILCHHS U TCPMUHU
Tpa6Ba /1a ca nojape/icHU 1o a30yycH pel, 3a ja ¢¢ HaMHPaT 10-0bp30.

Hpenopbxme MU KBbM ABTOpPA Ha JUCCPTALUOHHHUA TPYI Ca CICIAHUTE:

" Ja OpoabJKUM HAay4YHHUTE CH HM3CJICABAHHUA I10 TEMaTa HAa OHCCPTALMOHHUA TPYyH KaTO I'M
HaCo4u KbM pa3pa60TBaHe U BHCAPSABAHE HA APYI'U INPUIIOKCHUS, CBbP3daHU C U3KYCTBCH
HHTCJICKT U MHTCJIIUI'CHTHH CUCTCMMU,

" a nyOnuMKyBa pe3yiaTaTHTE OT HNPOBEACHUTE HAYYHU M3CJCABAHUSA B MEXIyHAPOIHH
u3ganus ¢ Q paur.

10. 3akiaouenune

JlucepTauMOHHUAT TPy OTIOBAps HA M3UCKBAHMATA HA 3aKOHA 33 PA3BUTHE HA aKAACMHYHHUS
cveraB B Penybika bbarapus, IpaBuinunka 3a npuiarase Ha 3akoHa v cboTBeTHUS [IpaBuiHmK Ha
Texnnueckus ynusepcuret — Codus. [IpoBenennre HayuHn M3CieIBaHusA ca B aKTyalHa 00J1acT u
TPETHpAT NpoOJieMaTHKA, KOATO € OOEKT Ha 3acuiieH u3cnexoBatesicki unrtepec. [lomyuenure




pesyaTaTH  ChAbPXKAT HAy4YHM, HAYYHO-IIPWJIOKHM M NPUIOKHU IMPHUHOCH, KOMUTO Ca
pasnpoCTpaHEHW M HAIpPaBeHH JIOCTOSHHE Ha 3aMHTEepecoBaHaTa HaydyHa OOLIHOCT 4pe3
myOJIMKYBaHETO UM U IIPEICTABSIHETO UM Ha CIICLHANU3UPAHU HAYYHH GOPYMH U KOH(EPCHIIHH.

Iocruruarnre pesyirarn B AUMCCPpTaluMOHHNA Tpyd My JdaBaT OCHOBAHHUC [a IIPCJIOKa Ha
YWICHOBETE HA HAYYHOTO XKYpH Ja Oble npuo0uTa o0pazoBareiHa U Hay4yHa crerneH ,,Jlokrop™ ot
mar. uHK. Benbo Enes BacmieB B oOnact Ha Bucimie oOpasoBanme 5. , TeXHHUECKH HAyKH‘,
npodecnonanno Hanpasienue — 5.3. , KoMyHMKalMOHHA U KOMIIIOTbPHA TEXHMKA, HayuHa
CHEeLHUanHoCT - ,,CHUCTEMH C U3KYCTBEH MHTEJIEKT .

30.08.2025 Penensenr:
rp. Bapna /mpod. n-p Munena KapOB T P \
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1. General Characteristics of the Dissertation

The dissertation is structured into an introduction, four chapters, a conclusion, a list of
contributions, a list of publications related to the dissertation, a list of citations, a list of
participations in research projects, a bibliography, a list of figures, a list of tables, and a glossary of
abbreviations and terms. The total length is 133 pages, including 37 figures and 11 tables. The
references comprise 230 sources. most of which are from the last ten years.

The dissertation is dedicated to methods for knowledge representation and modcling, decision-
making algorithms, machine lcarning mecthods, and their application in modcling the rational
behavior of intelligent assistant agents in risk-prone cnvironments.

Chapter One presents a highly detailed analysis of machine Icarning algorithms and virtual
reality applications in the energy scctor. It examines in depth algorithms used for evacuation
guidance in hazardous cnvironments, failure prevention, fire prediction, and for addressing modern
challenges such as carbon emissions, radioactive waste management, accelerating the discovery of
new nuclear fuel elements, dielectrics, and others. The chapter also analyzes the application of
machine learning algorithms in virtual reality projects. Three substantial conclusions are drawn
regarding operations in hazardous environments, particularly in the energy sector, emphasizing the
need for an intelligent virtual agent capable of communication, monitoring, and cmergency
response. The objectives and rescarch tasks of the dissertation are formulated.

Chapter Two is dedicated to modeling the behavior of a virtual agent in risky scenarios within a
virtual electrical substation. The main focus is on designing the behavior of an open switchyard
with dynamically occurring faults and routine inspection procedures. The behavior of an intelligent
virtual agent is modeled in scenarios requiring changes in goals and priorities. A user-controlled
avatar simulates routine preventive inspections in the substation. An empirical study with a limited
number of participants demonstrates their positive attitudes and willingness to use an intelligent
training assistant based on utility in hazardous environments.

Chapter Three presents methods and tools for adaptive agent behavior during evacuation. It
describes in detail a modification of the Q-learning algorithm, termed Intensity of Characteristic Q-
learning (InCh Q-learning), which cnables reinforcement learning for finding both the shortest and
the safest evacuation route. A cascading approach using two neural networks is proposed to rapidly
and effectively determine the most appropriate evacuation plan in hazardous workplaces.
Experiments with multi-plan evacuation algorithms confirm the advantages of adaptive behavior in
training intelligent agents under risk. The chapter presents tables of experimental results and draws
summarized conclusions.

Chapter Four is focused on modeling and evaluating the effectiveness of virtual agents in
hazardous environment scenarios. Training environments were developed for simulating a virtual
drone for firefighting and a virtual agent in the role of an electrical engineer. A comprehensive
analysis of the intelligent assistant’s efficiency is conducted. supported by a generalized network
model using indexed transition matrices. In the case of the virtual electrical engineer, reinforcement
learning algorithms (SAC, PPO) and imitation learning algorithms (GAIL, BC). implemented with
Unity ML-Agents, were applied. Results show that these algorithms are effective and applicable to
real-world tasks. Four rescue scenarios are proposed: reaching a static target in a static safc
environment; a dynamic target in a static safe environment; a static target in a static hazardous
environment; and a dynamic target in a dynamic hazardous environment
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2 Relevance of the Research Problem

The dissertation addresses g highly contemporary an( dynamic fie]q:
industria] technologies through advanced too]g such as artificjg] intelligence and

The dissertation investigateg and develops methods and too|s for knowledge Iepresentation apd
modeling, decision-making algorithms, machine learning methods, apd their application to
modeling the rational behavioy of intelligent assistant agents in an electricg] substatijon considered
as a hazardoyg environment, The Proposed mode] of an intelligent virtual agent relies on gp

interaction between the agent and users, Supports the design of intelligent training interfaces, ang
cnables cfficient intelligent simulators.

3. Degree ofFamiliarily with the Problem ang Interpretation of Literature

The dissertation provides g Comprehensive | Crature review, covering a wide range of sources.
It discusses the State-of-the-art jp machine learning systems for modeling the rational behavioy of

The work demonstrateg strong analyticq] skills in imcrprcting virtual intelligent assistant
models applied i virtual reality for training Specialists jn hazardoys cnvironments, Experiments
were conducted for ¢valuation, validation, and verification of the proposed architecture, learning
a!gorithms, and virtya] agent models. Statistica] methods were applied for processing and presenting
€Xperimental daq.

The well-structyred review, in-depth analysis, and conclusions in the dissertation reflect the
doctoral candidate’s strong knowledge of the state of the problem. As a result, the research

objectives and Specific scientific tasks are clearly defined.
4. Consistcncy of Research J\"lethodology with Goals ang Objectives

The results presented in the dissertation are derived from rigorous theoretical analysis of pew
algorithms ang behaviorg] models for intelligent virtual training agents ip hazardoys cnvironments.
The development of a realistjc virtual Prototype of an clectrical substation and its application in
modeling and analyzing agent behavyior dircctly address the dissertation’s research tasks.

The Study of different reinforcement learning algorithms, the modification of existing
algorithms for improved efﬁciency. and the Proposal of new approaches were critical to achieving
the research goals. The use of generalized network models and mathematica] tools for analyzing
intelligent virtual agent behavior €xtends the current achievements ip agent modeling and learning

5. Contributions of the Disscrtati(m

The contributiong formulateq by the authoy can be categorjzed as scientific, applied-scientiﬁc,
and practical, g5 follows:

Scientiﬁc Contributions

1. A generalized network mode] ig proposed for analyzing the efficiency ang behavior of

N\ %
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2. The behavior of intelligent virtual agents in hazardous environment h)c‘;l}’*ﬂ}map//
demonstrating the necessity for agents to assume leadership roles, possess spatia !
knowledge of firefighting equipment, and awareness of risk dynamics, as well as social
communication skills, priorities, and emotions.

3. A novel algorithm, Intensity of Characteristic Q-learning (InCh Q-learning), is proposed for
finding optimal evacuation routes based on fire intensity data.

4. A new approach is proposed for achieving adaptive agent behavior in hazardous
environments through multi-plan strategies supported by two neural networks.

5. An analysis is conducted of reinforcement learning algorithms (SAC, PPO) and imitation
learning algorithms (BC, GAIL) in training intelligent agents, highlighting their effectiveness.

Practical Contributions
1. Prototypes and 3D models have been developed, including:
a. A real-world open switchyard model.

b. A virtual training agent capable of teaching usecrs, adapting priorities during
emergencics, and exccuting rescue procedures.

c. A virtual clectrical substation with dynamically occurring failures caused by
meteorological conditions.

The research results are both scientifically significant and practically applicable, with potential
for future development.

6. . Degree of Doctoral Candidate’s Contribution

The doctoral candidate has actively participated in all stages of the rescarch presented in the
dissertation. The contributions—scientific, applied-scientific, and practical—are original work by
eng. Velyo Vasilev, developed under the guidance of Assoc. Prof. Dilyana Budakova and Assoc.
Prof. Stanimir Stefanov. The candidate’s publications and project participation provide evidence of
personal authorship

7. Evaluation of Publications Related to the Dissertation

The candidate’s research results have been published in 9 scientific papers (1 single-authored
and the rest co-authored with supervisors). All are indexed in Scopus. Six papers were presented at
international conferences in Bulgaria, and three at conferences abroad. Publications were made
between 2023-2025, reflecting the main achicvements of the dissertation.

Two of the publications have alrcady been cited. Additionally, Scopus indexing shows six more
citations of the candidate’s other works. The candidate has a Hirsch index of 2 and has participated
in two research projects relevant to the dissertation topic.

The publication record is excellent, ensuring that the dissertation’s contributions are visible to
both the Bulgarian and international research communities

The publications on the dissertation in quantitative and qualitative terms fully satisfy the
requirements for obtaining the educational and scientific degree "Doctor".

8. Utilization of Results

No certificates of industrial implementation are provided. However, the generalized network
model and mathematical framework with indexed matrices developed in the dissertation
significantly enhance the evaluation of agent behavior. These can be used to achieve adaptive
behavior, goal management, and dynamic priority shifts.

The models and algorithms proposed may serve as a foundation for future research, including
the development of advanced intelligent training simulators. The dissertation is notable for its
extensive use of graphs and diagrams, which clearly and effectively illustrate experimental findings.



I believe that the research in the dissertation and the achieved results can be successfully used
to build multiple intelligent virtual agents working in risky virtual environments, as well as the
technologies related to them: virtual environment, machine learning algorithms, approaches for
adaptive behavior of an intelligent virtual assistant in a risky environment, and adaptive evacuation
strategies.

9. Opinions, remarks and recommendations

The dissertation is carefully prepared, reflecting the candidate’s high level of competence in:

e Machine learning methods and algorithms for modeling intelligent agent behavior in
hazardous environments;

e The application of virtual reality for training specialists in such contexts;

e Implementing and evaluating agent architectures, algorithms, and models.

Minor editorial remarks:

e The term virtual reality appears both as “BP”" and “VR” in the dissertation—this should be
standardized.

e Abbreviations and terms in the List of abbreviations should be alphabetically ordered.

Recommendations:

e The author should continue rescarch by extending applications of artificial intelligence and
intelligent systems.

¢ Research results should be published in international Q-ranked journals.

10. Conclusion

The dissertation fully complies with the requirements of the Law on the Development of the
Academic Staff in the Republic of Bulgaria, its regulations, and the rules of the Technical
University of Sofia. The research addresscs an important and highly relevant problem of strong
scientific and practical interest.

The results contain scientific, applied-scientific, and practical contributions, which have been
disseminated through publications and presentations at international forums. Based on these
achievements, I propose that eng. Velyo Enev Vasilev be awarded the educational and scientific
degree “Doctor” in the field of Higher Education 5: “Technical Sciences”, professional field 5.3:
“Communication and Computer Engineering,” with a specialization in “Artificial Intelligence
Systems”.

30.08.2025 Reviewer:
Varna /Prof. Milena
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