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PEUEH3UA

BBbPXY AMcepTaunoHeH Tpya 3a npuaobusaHe Ha obpasoBaTenHa u Hay4YHa cTeneH
»OKTOp” B 061acT Ha BuCLIeTo obpa3oBaHue: 5. , TexHUYeckn Haykun“, npocecrnoHarnHo

HanpasneHwue: 5.2. ,ENekTpoTexHrKa, eneKkTpoHnka u asTomaTunka“

ABTOp Ha AncepTauMOHHWSA Tpya: mar. uHX. AHactacuss BnagummuposHa Cnaeosa
Tema Ha AucepTaumoHhHusa Tpya: ,Cuctemn ¢ Abnboko obyyeHue Npu aBTOHOMHUTE
Mo6unHu pobotn”

PeueHseHT: gou. a-p MapuH Munkos >Xunescku

1. AKTyanHocT Ha pa3paboTBaHuUs B AUCEPTaLMOHHMSA TpyA Npo6nem B Hay4uyHO
M Hay4YHOMPUIIOXHO OTHOLEHMe. CTeneH U HUBA Ha aKTyanHocTTa Ha npo6nemMa u

KOHKpeTHUTe 3afa4u, pa3paboTeHu B gucepTaumsra.

PasrnexaaHvar B AncepTaumoHHWs TpyA NpobreM e akTyarneH KakTo B HayyHo, Taka
N B Hay4YHOMPUIIOXKHO OTHOLLEHUEe. ABTOHOMHUTE MOOWUNHM poBOTU U UHTENUreHTHaTa
HaBurauns ca cpef Han-6bp3o passBuBalLUTE Ce HanpaBreHWss B CbBpeMeHHaTa
poboTMKa N N3KYCTBEHUS WMHTenekT, ocobeHo npu paboTa B AMHaAMU4YHWM cpean 6Ges
npensapuTenHo narpageHy kaptm n GPS nosuumoHnpaHe.

[okropaHTKaTa NpaBUiHO € uaeHTUdMLMpana orpaHUYeHnaTa Ha TpaguLIMOHHUTE
HaBWrauMoOHHM MeTOAM M € Haco4duna uscrnegBaHusATa CUM KbM M3MON3BaHEeTo Ha
obyyeHune c noAcuneaHe 3a peanuavpaHe Ha aganTUBHO U MHTENUIeHTHO NoBEeAeHNe Ha
aBTOHOMEH areHT. [locTaBeHuTe 3afjaun ca sicHO hopMynUpaHuM U CbOTBETCTBAT Ha

uenrta Ha agumceptaunMoHHNA TpyAa.

2. CrteneH Ha nmMoO3HaBaHe CbLCTOSHMETO Ha npobrnema n TBOpYecKa

MHTepnpeTauns Ha NUTepaTypHUa MaTepuarn.

HoktopaHTkata [OeMOHCTpMpa MHOro f[o6po Mo3HaBaHE Ha CbBPEMEHHOTO
CbCTOsAIHME Ha Wu3crnedBaHusTa B obrnactra Ha AbNGOKOTO MalMHHO 0ByyeHue,
oby4yeHneTo ¢ noacuneBaHe M aBTOHOMHaTa poboTuka. JiuTepatypHuaT 063op chabpxa

KPUTUHEH aHann3 Ha OCHOBHUTE NoAXOAN U anropuTtMu, U3rnosi3BaHn Npy aBToHOMHaTa



HaBuraums, Kato e HanpaBeH 060CHOBaH M360p Ha NoAXO4AWMN METOAN U apXUTEKTYpH

3a pewlaBaHe Ha NoCTaBeHUTE 3adadu.

3. ChoTBeTCTBME HA M36pa|-|aTa MeToAUKa Ha n3cnenBaHe € nocraBeHaTa uUen

M 3a4ayv Ha AMcepTaLMOHHUA TpyA.

N3bpaHaTa MeToauka € HanmbfHO ajeKkBaTHa Ha MNOCTaBeHUTe LenvM U 3agjauu,
BKIMIOYBALLA aHanu3 Ha CbLUeCTBYBaLLM anroputmMu, nrpaxgaHe Ha cumynaumoHHa cpe-
Aa, oby4yeHne Ha Moaenu, oNTUMU3aLNS Ha apXUTEKTYPU U eKCcriepyMeHTarHa npoBepka
B pearnHa cpeja.

OcobeHo nonoxuTenHo crnegsa fa Ce OUEHM M3MOM3BaHeTO Ha HAKOMKO cumyna-
LUMOHHM cpeaun u uHterpaumaTa Ha ROS2, Gazebo n peanHa pob6oTtusunpaHa nnatdopma
Yahboom RDK X3. lNpoBegeH e cuctematvyeH aHanus Ha BNUSHWMETO HA pasnUYHU
XvrnepnapameTpu, OYHKUMM Ha Bb3HArpaxgeHue u apXUTekTypyu Ha HEBPOHHU MPEXM
BbPXY Ka4eCTBOTO Ha 0Oy4eHneTo 1 NoBegeHNETo Ha poboTa.

MeToaukaTta no3sonsiBa HagexaHa nposepka Ha paboTocnocobHocTTa U edekTmB-
HOCTTa Ha paspaboTeHWTe MOAEenu W € HanbfHO cbobpaseHa CbC CbBPEMEHHUTE

M3NCKBaHNA 3a HAy4YHU nscnenBaHnsa B obnacrtra.

4. KpaTka aHanUTM4Ha XapaKTepucTMKa Ha ecTecTBOTO M oOueHKa Ha
AOCTOBEPHOCTTa Ha MaTepuana, BbpXy KOWTO ce rpagaT npUHOCUTE Ha

AucepTaUunoHHUA TpyA.

MonyyeHuTe peaynTatu ce OCHOBABaT Ha 3HaA4YUTENeH no o6eM TeopeTUyeH W
eKcrepMMeHTaneH Martepuasn, TnonydeH B CUMMynauUMOHHA W peanHa cpefa.
WN3cnensaHeTo M3Mon3Ba CbBPEMEHHW MeToau OT obnacTra Ha ObIGOKOTO MalUMHHO
obyyeHne n obyyeHMeTo ¢ NoAcuNBaHe, KaTo ca aHanusupaHW U CPaBHEeHV BOAELLM
anropuTMy 3a aBTOHOMHAa HaBuraums Ha MOGUMHK PoBOTH.

MNMonoxutenHa oueHka 3acrnyxaBa MOCNeAoBaTeNHUAT MOAXOA, BKMIOYBALL KaKToO
CUMYNaLUMOHHWU U3CNeaBaHUs, Taka U eKcriepuMeHTanHa BepuduKaLms Bbpxy peanHa
poboTnampaHa nnatdopma. MNpoBeaeHTe eKCnepuMeHTU ca AoCTaTbyHM Mo obem u
pasHoobpasne, a M3non3BaHUTE KOJIMYECTBEHM MoKasaTenu no3sonssaT 06eKTMBHa

OLUEeHKa Ha e(beKTMBHOCTTa Ha npeanoXxXeHute pelleHus.



[JocToBepHOCTTa Ha NomyvyeHuTe pesynTaTu ce MOTBbpXOasa uYpe3 cpasBHUTENeH
aHanu3 Ha pasnNuYyHN MOAENU, KaKTO M Ypes yCrellHoTo BanvanpaHe Ha paspaboTeHuTe
anroputMu B peanHa cpega. M3nonssaHnaT matepuan e 3agbnboyeHo aHanmanpaH u
ocurypsisa Heobxogumata Hay4yHa OBGOCHOBAHOCT Ha (hOPMYyNMpaHUTE HayyHu W

Hay4YHOMNMPUIOXXHN NPUHOCK Ha ONUCepTaLlMoOHHUA Tpya.

5. Hay4Hu n/vnn Hay4yHONPUITOXKHU NPUHOCU Ha AUCEPTaLMOHHUA TPYA.

MNprHocuTe B ANCEPTaLMOHHUA TPYA ca KnacuduumMpaHn Kato Hay4yHO-MPUNOXHU 1
MPUNOXHN.

KbM Hay4YHO-NpunoXxHUTE NpUHOCKU Ce OTHacAT: paspaboTBaHeTO Ha mogen 3a
aBTOHOMHa HaBuraums Ha MobuneH pobotr 6e3 HeobxoaMMOCT OT npeasapuUTenHO
nsrpageHn kaptm u GPS nosuuuoHupaHe; dopmynupaHe U ekcrnepumeHTanHo
BanuaoupaHe Ha MOJesl Ha 3aBUCMMOCTTa MeXAy BXOAHWTE CEH30PHM napameTpu,
CTpyKTypata Ha (yHKUMATA Ha Bb3HarpaxgeHne W XapakTepucTUKUTE Ha HaydveHara
HaBUraluMoHHa MONWTWKE; HanpaBeH € 3aabnboyeH aHanu3 Ha CXoAMMOCTTa U
pobacTHoCTTa Ha HaeuraumoHeH mopen, 6asvpaH Bbpxy metoga PPO; npeanoxeH e
mMoanULMpaH MexaHnsbm 3a edPeKTMBHO M3non3saHe Ha Gydep Ha onuT; paspaboTeH
€ afjanTuBeH MexaHn3bM 3a AUHAMUYHO perynupaHe Ha CKOpoCTTa Ha oByueHue.

KbM NpunoxHuTe NpMHOCK ce OTHacAT: pa3paboTeHa e MHTerpMpaHa cuMynauvoHHa
cpena (Gazebo) 3a u3cnegpaHe Ha HaBurauusita ypes obyyeHue C MOACUIIBaHeE;
peanuavnpaHa € eKcrepumeHTanHa cuctema 3a aBTOHOMHa HaBurauusi ¢ orpaHuuyeH
Habop ceH3opwu, NpUNoXuMa B MHAYCTPUAIiHK 3aTBOPEHU NPOCTPaHCTBA; M3rpajeHa e
peasiHa ekcriepMMeHTarnHa ycTaHoBKa 3a BanvaupaHe Ha HaBUrauMoHHU NONIUTUKK Ype3
¢husnyeckn poboT; yCrnelHo e OCbLIEeCTBEH U EKCNEPUMEHTANHO BanuaupaH NpeHoc Ha
oby4yeH B cuMynaumoHHa cpefa Mopen kbMm dumsnuyecka poboTuampaHa nnatgopma;
pa3spaboTeHn ca MeTpukn 3a oueHKa Ha BGesonacHocTTa 1 o6obLaeMocTTa Ha Modenu,
6asvpaHn Ha obyyeHne ¢ noacuneaHe, B peaniHa cpefa; peanusupaHa e cuctema 3a
ynpasneHue Bb3 ocHoBa Ha ROS2, neMoHCTpupalla Bb3MOXHOCT 3a HamarnsisaHe Ha
XapayepHara CMoXHOCT Ypes3 n3nonasaHe Ha GloXeTHN CeH3opu.

CunTam, Ye npuHOCUTE CLOTBETCTBAT Ha CbABbPXKAHUETO Ha AUCEPTaLMOHHUA TPy

U MaT Hay4YHO-NPUMOoXHa v npakTnyecka CTONHOCT.



6. OueHKa 3a cTeneHTa Ha IMMHOTO yyacTtune Ha AucepTaHTa B NpUHOCUTE.

OT cbabpXKaHMEeTO Ha AMcepTaUMOHHNUA Tpya, NyGNMKauMUTe U HaYMHa Ha nNpeacTa-
BAHE Ha pe3ynTaTuTe SICHO NNYM 3HAYUTENHOTO JINYHO YYacTUE Ha OOKTOpaHTKaTa BbB
BCUYKWN eTann Ha M3cneaBaHeTo — aHanu3 Ha NuTepaTypHM U3TOYHULM, MoaenupaHe,
pa3paboTBaHe Ha nporpamMHa peanv3auus, NpoBexaaHe Ha ekcriepumeHTH, obpaboTka
W aHanus Ha pesynraTture.

Cuutam, Ye npefdcTaBeHUTe pesynTaTh M NpUHOCKM ca B npeobnanasalla crenex

JINYHO Aerno Ha gucepTaHTa.

7. MpeueHKa Ha NyonvKauunTe No AUCEpPTALMOHHUS TpyA: 6pon, XxapakTep Ha
u3gaHuATa, B KOUTO ca oTnevataHu. OTpaxeHue B HaykaTa — WM3MON3BaHe M

LMTMpaHe OT APYru aBTOpM, B ApYyrk naGopaTtopuu, CTpaHu U np.

KbM OvcepTaumoHHus Tpya ca NpUIoXeHU cedem HaydHu nyGnukauum, nHaekcvpa-
H1 B 6asarta aaHHM Ha Scopus n Web of Science, cBbp3aHu ¢ TemaTa Ha AucepTaumsTa.
MeT oT Hay4yHWUTe nybnukauun ca B CbaBTOPCTBO C Hay4YHUsi pbkoBoguTen. My6nuka-
uMMTe OTpasABaT OCHOBHUTE pe3ynTaTtM OT HayyYyHUTe u3cneaBaHuMa W ca Ha
HeobXx04MMOTO Hay4YHO HUBO.

Ao6po BnevaTneHne npaBy HaNMUYMETO Ha TPY LUTUPaHUS Ha NMPUMOXEHNTE HayYHM
TpyooBe.

Cuutam, 4e nybnukauvoHHaTa AEVHOCT € AocTaTbyHa 3a NpeacTaBsHe Ha
OCHOBHUTE pe3yntaTh OT ANCEPTAUMOHHUA TPy M CbOTBETCTBa Ha U3MCKBaHUATa 3a

npugobreaHe Ha obpasoBaTenHarta u Hay4Ha cTeneH ,10KTop".

8. UznonseaHe Ha pe3yntTatute oT AuUCepTaUMOHHUA TPyA B Hay4dHaTta M
couuanHara npaktuka. Hanvwume Ha nocturHar npAK UKOHOMUYECKHN e(peKT n np.

HOKYMEHTVI, Ha KOUTO Ce OCHOBaBa TBbpAEeHneTo.

Pesyntatte oT AMCEPTaUMOHHUA Tpyd HamupaT MPUMoXeHWe npeau BCUYUKO B
Hay4yHouscriefoBaTerickata npakTka B obriactta Ha aBTOHOMHUTE MOBMMHKM po6oTy,
U3KYCTBEHMSI WHTenekT u obyyeHneTo c noacuneaHe. Yact oT paspaboTkute ca
peanuavpaHu W BanuAMPaHW B paMKUTEe Ha HaydHou3credoBaTesricku npoekT Ne

242r100019-08 ,[wnboko obyydeHue 3a Reinforcement Learning rnpu asmoHOMHU



mobunHu pobomu’, KOeTo NpeAcTaBnsiBa NPsSKO [A0OKa3aTencTBO 3a MpakTudeckara
HacOYeHOCT M NPUIOXMMOCTTa Ha NPOBEAeHUTE U3crneaBaHus.

HayyHata 3HauMmocT Ha MOCTUrHaTUTEe pes3ynTaTv ce MoTBbpXAaBa KakTo OT
nybnukyBaHeTo MM B MeXZYHapoaHU Hay4Hu hopyMu, MHAeKcMpaHu B Scopus, Taka u
OT HanNM4MeTo Ha He3aBUCUMW LIMTUPaHUS B NyGMKaLMmM Ha YyXaecTpaHHW aBTopu. Tosa
CBUOETENCTBa 3a WHTEpeC KbM pas3paboTkuTe M 3a Bb3MOXHOCTTa Te Aa 6baar
M3Non3BaHu KaTo OCHOBA 3a 6baeluy u3cneasaHus B obnacrra.

Kbm MoMeHTa He ca npeacTaBeHU AOKYMEHTU, YAOCTOBEpPSABALLN peanvanupaH npsik
VKOHOMMYECKM edekT N MHAOYCTpUanHoO BHeapsiBaHe Ha paspaboTeHuTe peLueHus.
HesaBucumo oT ToBa cunTam, Ye pesynTaTuTe NpuTexasaTt 3HauyuTeneH noteHuman 3a
O6bOello NpakTUYecKo MNPUNOXEHUEe W MKOHOMUYEecKa peanusauuss B obnactra Ha

UHTEJIMreHTHUTEe aBTOHOMHU CUCTEMU U pO6OTMKaTa.

9. OueHKka Ha CBLOTBETCTBUMETO Ha aBTope(bepaTa C W3UCKBaAHUATaA 3a
MU3roTBAHETO MY, KakKTO U Ha aAeKBaTHOCTTAa Ha oOTpa3siBaHe Ha OCHOBHUTE

noyfioXKeHusi U NpMHOCUTe Ha AUCepPTaLMOHHHUA TpyA.

ABTopedepaTbT e paspaboTeH B 06em 0T 32 CTpaHMUM U € UrOTBEH B CbOTBETCTBUE
C YTBbpAeHWUTe M3nckeaHua 3a odopMsiHe Ha aBTopedepaT¥ KbM AUCEPTaLMOHHM
TpyAose 3a npugobrsaHe Ha obpasoBaTtenHaTa U Hay4Ha cteneH ,JlokTop”.

B Hero ca npefcTaBeHn No iceH, CTPYKTYpUpaH U NorMyeckun nocneaosareneH HaumH
LenTa, 3ajadnTe, U3MNON3BaHUTE MEeTOAW Ha WU3cnedBaHe, MONyYyeHUTe pesynTatn u
hopMynNMpaHNTEe Hay4yHU W HAyYHOMPUMOXHM npuHocu. OTpaseHu ca OCHOBHUTE
MOCTaHOBKN Ha AUCEepPTaLUMOHHUA TPYA, KakTO U Han-CblUeCTBEHUTE eKCNepUMEHTaNHU
pe3ynTaTtv 1 HarnpaBeHUTe Bb3 OCHOBA Ha TAX U3BOAMW.

Cuutam, Ye aBTOpedhepaTbT KOPEKTHO M aAeKBaTHO NpeacTaBs CbAbPXKaHUETO Ha
AVcepTaUMOHHNA Tpya W f[aBa 0GeKkTMBHa npedcTaBa 3a MOCTUTHATUTE Hay4dHU

pesynTaTtu 1 NPMHOCK Ha LOKTOpaHTa.
10. MHeHuMA, NnpenopbKU N 6enexku.

Hsimam CbLEeCTBEHN KPUTUYHN 6enexku KbM npegcraBeHnA guceprtalnoHeH Tpya.



Cuutam, ve paspaboTkaTa e U3nbiHEHa Ha BUCOKO Hay4yHO 1 NpodEeCMOHAaTHO HUBO,
KaTo MocTaBeHWUTe Lienun 1 3a4a4uu ca peanusvpaHi YCreLHo, a nonyYyeHnuTe pesyntatu
1 hopMynMpaHnUTe HayYHU U HayYHOMNPUOXHM NPUHOCK ca yBeamTernHo AoKa3aHM.

MNpenopbyBam Ha AOKTOpaHTKaTa Aa NPOABLIDKA CBOMTE HayYyHW M3CNeaBaHus B Tasn
nepcrnekTMBHa W [OMHaMWMYHO pasBuBalla ce o0b6nacT Ha W3KYCTBEHUS! WHTEMNEKT,
obyuyeHuneTo ¢ nogcunBaHe U aBTOHOMHUTE POoBOTU3UPAHN CUCTEMM, KbAETO Ca Hanmue

OTNWYHM NMpeanocTaBku 3a 6baew 3HaYUMn Hay4YHU 1 NPUNOXHN NOCTUXEHUA.

11. 3aknioyeHne cC SCHa MNOMOXUTENHa WU oTpuuaTesiHa oLuleHKa Ha

AucepTauMoOHHUSA TPYA.

OueHkaTa MM 3a npeacTaBeHus AanceptaumoHeH TpyaA W UANOCTHaTa
Hay4YHouacnefosaresicka paboTa Ha AOKTOpaHTKaTa € KaTeropuyHo MosoXUTESHA.

MNpeactaBeHNAT AncepTaLMOHEH TPYA CbAbpXa akTyanHu, OPUrMHaNHU N 3HaYMMm
Hay4YHN 1 Hay4YHOMPWUNOXHM pe3ynTaTu, KOMTO MpeAcTaBnsaBaT NpUHOC B obnacTtTa Ha
aBTOHOMHMTE POGOTM3MPAaHN CUCTEMM, ABNBGOKOTO MALUMHHO 06y4YeHue 1 0ByYeHNeTo ¢
noacwneaHe. lNoctaBeHnTe Lienn 1 3aga4un ca ycnewHo M3nbiHeHu, a opMynnupaHmTe
Hay4HN W Hay4YHOMPWUIOXHM MpUHOCK ca ybeAuTenHO AoKasaHU Ype3 NpoBedeHUTe
TEOPETUYHU U eKCnepuMeHTarn iy n3cneaBaHums.

Bb3 ocHoBa Ha M3NOXEHOTO cuyuTaM, Ye OUCEePTALUMOHHUAT TPy HaMbIHO CbLOT-
BETCTBA Ha U3NCKBaHUsATa Ha ,3akoHa 3a pasBUTUETO Ha akageMUYHUs cbeTae B Peny6-
nvka bbrrapua“, kakto M Ha [lpaBunHuka 3a nNpugobuBaHe Ha HayyYHU CTEneHU K
3aemMaHe Ha akagemMuyHu OnbXHOCTM® B TexHuyecku yHuBepcuTeT — Codua 3a
npuoobvsaHe Ha obpasoBaTenHaTta U HaydHa cTeneH ,JJokTop®.

Mopagn ToBa AaBamM MOMOXMWTENHA OLIEHKa Ha AUCEPTAUMOHHUS Tpya u ybeaeHo
npeanaram Ha Hay4yHOTO XYpuW [da NpUcbau Ha mar. nHx. AHactacus BnagumupoBHa
CnaBoBa obpasoeatenHata W HayyHa cTeneH JokTop“ no npodecnmoHanHo
HanpasneHue 5.2. ,ENeKTpoTexHuKa, eneKkTpoHMKa 1 asTomaTvka“, JOKTopcKka nporpama

,CUCTEMU C N3KYCTBEH UHTENEKT".

[arta: 05.06.2026 r. PELEHSEHT: /7
(oou. a-p MapuH >Kuneckn)

H4 Pro ¢ spUTYHALL
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1. Relevance of the Research Problem Addressed in the Dissertation from

Scientific and Applied Research Perspectives.

The problem addressed in the dissertation is highly relevant from both scientific
and applied research perspectives. Autonomous mobile robots and intelligent navigation
are among the fastest-developing areas in modern robotics and artificial intelligence,
particularly when operating in dynamic environments without pre-built maps and GPS
positioning.

The doctoral candidate has correctly identified the limitations of conventional
navigation methods and has focused her research on reinforcement learning approaches
for achieving adaptive and intelligent behavior of autonomous agents. The research
objectives and tasks are clearly formulated and fully aligned with the overall goal of the

dissertation.

2. Degree of Knowledge of the State of the Art and Creative Interpretation

of the Literature.

The doctoral candidate demonstrates an excellent understanding of the current
state of research in the fields of deep learning, reinforcement learning, and autonomous
robotics. The literature review includes a critical analysis of the main approaches and
algorithms used for autonomous navigation and provides a well-justified selection of

appropriate methods and architectures for solving the research tasks.



3. Compliance of the Selected Research Methodology with the Objectives

and Tasks of the Dissertation.

The selected methodology is fully appropriate for achieving the stated objectives
and tasks. It includes the analysis of existing algorithms, development of simulation
environments, model training, architecture optimization, and experimental validation in
real-world conditions.

Particularly noteworthy is the use of multiple simulation environments and the
integration of ROS2, Gazebo, and the Yahboom RDK X3 robotic platform. A systematic
analysis has been carried out regarding the influence of different hyperparameters,
reward functions, and neural network architectures on training performance and robot
behavior.

The methodology enables reliable verification of the functionality and effectiveness
of the developed models and fully complies with current scientific research standards in
the field.

4. Analytical Assessment of the Material and Evaluation of Its Reliability as

the Basis for the Dissertation Contributions.

The obtained results are based on a substantial body of theoretical and
experimental material collected in both simulation and real-world environments. The study
employs modern deep learning and reinforcement learning methods and includes
analyses and comparisons of leading algorithms for autonomous mobile robot navigation.

A particularly positive aspect is the consistent approach combining simulation-
based studies with experimental validation on a real robotic platform. The conducted
experiments are sufficiently comprehensive and diverse, while the applied quantitative
performance metrics enable an objective evaluation of the proposed solutions.

The reliability of the obtained results is demonstrated through a comparative
analysis of different models, as well as through the successful validation of the developed
algorithms in a real-world environment. The material used has been thoroughly analyzed
and provides a sound scientific basis for the formulation of the scientific and applied

contributions of the dissertation.



5. Scientific and/or Applied Scientific Contributions of the Dissertation.

The contributions presented in the dissertation can be classified as scientific-
applied and practical contributions.

The scientific-applied contributions include: the development of a model for
autonomous mobile robot navigation without the need for pre-built maps and GPS
positioning; the formulation and experimental validation of a model describing the
relationship between sensory input parameters, reward function structure, and the
characteristics of the learned navigation policy; a comprehensive analysis of the
convergence and robustness of a PPO-based navigation model; the proposal of a
modified mechanism for efficient experience replay utilization; and the development of an
adaptive learning-rate adjustment mechanism.

The practical contributions include: the development of an integrated Gazebo
simulation environment for reinforcement learning-based navigation research;
implementation of an experimental autonomous navigation system using a limited set of
sensors suitable for industrial indoor environments; construction of a real experimental
platform for validating navigation policies using a physical robot; successful transfer and
experimental validation of a model trained in simulation on a physical robotic platform;
development of safety and generalization metrics for reinforcement learning-based
models operating in real environments; and implementation of a ROS2-based control
system demonstrating the possibility of reducing hardware complexity through the use of
low-cost sensors.

| consider these contributions to be fully consistent with the content of the

dissertation and to possess significant scientific, applied, and practical value.
6. Assessment of the Candidate’s Personal Contribution.

The content of the dissertation, the published papers, and the presentation of the
results clearly demonstrate the doctoral candidate’s substantial personal contribution
throughout all stages of the research process, including literature review, modeling,

software development, experimentation, data processing, and result analysis.



In my opinion, the presented results and contributions are predominantly the doctoral

candidate’s own work.

7. Evaluation of the Publications Related to the Dissertation: Number,

Quality, and Scientific Impact.

Seven scientific publications related to the dissertation topic have been presented.
They are indexed in Scopus and Web of Science and reflect the main outcomes of the
conducted research. Five of the publications have been co-authored with the scientific
supetrvisor.,

The publications adequately present the principal research results and meet the
required scientific standards. The presence of three independent citations of the
published works is also noteworthy.

I consider the publication activity sufficient for disseminating the main results of the
dissertation and fully compliant with the requirements for obtaining the educational and

scientific degree of “Doctor”.

8. Utilization of the Dissertation Results in Scientific and Social Practice.

Evidence of Economic Impact.

The results of the dissertation have found application primarily in scientific
research activities related to autonomous mobile robots, artificial intelligence, and
reinforcement learning. Part of the developed solutions has been implemented and
validated within Research Project No. 242PD0019-08, “Deep Learning for Reinforcement
Learning in Autonomous Mobile Robots”, which constitutes direct evidence of the
practical orientation and applicability of the conducted research.

The scientific significance of the achieved results is confirmed by their publication
in international scientific forums indexed in Scopus, as well as by independent citations
from foreign researchers. This demonstrates scientific interest in the developed solutions
and their potential use as a foundation for future research.

At present, no documents have been provided demonstrating direct economic

impact or industrial deployment of the developed solutions. Nevertheless, the obtained



results possess considerable potential for future practical implementation and economic

exploitation in the field of intelligent autonomous systems and robotics.

9. Evaluation of the Dissertation Abstract and Its Adequacy in Reflecting the

Main Results and Contributions.

The dissertation abstract comprises 32 pages and has been prepared in
accordance with the established requirements for doctoral dissertation abstracts.

The objectives, research tasks, methodology, obtained results, and scientific and
applied contributions are presented in a clear, structured, and logically consistent manner.

The abstract adequately reflects the main statements of the dissertation, the most
significant experimental results, and the conclusions derived from them.

| believe that the abstract accurately represents the content of the dissertation and
provides an objective overview of the scientific achievements and contributions of the

doctoral candidate.
10. Opinions, Recommendations, and Remarks.

| have no substantial critical remarks regarding the dissertation.

The research has been conducted at a high scientific and professional level. The
stated objectives and tasks have been successfully accomplished, and the obtained
results and scientific contributions have been convincingly demonstrated.

| encourage the doctoral candidate to continue her research activities in this
promising and rapidly developing field of artificial intelligence, reinforcement learning, and
autonomous robotic systems, where excellent opportunities exist for future scientific and

practical achievements.
11. Conclusion and Final Evaluation.

My overall assessment of the dissertation and the doctoral candidate’s research
work is unequivocally positive.

The dissertation contains relevant, original, and significant scientific and applied
research results that constitute a valuable contribution to the fields of autonomous robotic

systems, deep learning, and reinforcement learning. The research objectives have been



successfully achieved, and the stated scientific and applied contributions have been
convincingly validated through theoretical and experimental investigations.

In view of the above, | am of the opinion that the dissertation fully satisfies the
requirements of the “Academic Staff Development Act of the Republic of Bulgaria” and
the “Regulations of the Technical University of Sofia” governing the award of academic
degrees and appointment to academic positions, and therefore meets the criteria for the
conferment of the educational and scientific degree of “Doctor” (PhD).

Therefore, | give a positive evaluation of the dissertation and confidently
recommend that the Scientific Jury award M.Eng. Anastasia Vladimirovna Slavova the
educational and scientific degree Doctor in Professional Field 5.2 “Electrical Engineering,

Electronics and Automatics”, Doctoral Programme “Artificial Intelligence Systems”.
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