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PEqEHSVtfl
Bbpxy AilceprarliloHeH Tpyfl sa npn,qo6uBaHe xa o6pasoBarerHa il HayqHa creneH

,,,QoKTop" e o6nacr Ha Brcuero o6pasoaatuei 5.,,TexHilvecKil HayKn", npoQeciloHanHo

Hanpa Bne ane: 5.2.,, EneKTporexH r Ka, eneKTpo H t4 Ka il aBTo M ar t Ka'n

Aarop Ha rqrcepraqiloHHl4e rpy4: Mar. ilHx. AHacracilq BnagnuupoeHa Cnaaoaa

Tenaa Ha lqucepraqhoHHr4n rpyA: ,,Cr4creMh c gun6oro o6yveHue npr aBToHoMHnre

uo6nnur po6oril"

Peqeuaeur: EolI.4-p l\4apru Milnxoe Xilneacril

1. ArryanHocr Ha paspa6oreaHne B glacepraqnotHytr TpyA npo6neu B HayqHo

u HayqHonpltrloxHo orHoueH[e. Crenex n HAe,a Ha aKTyanHocrra Ha npo6neua u

KoHKperHure 3agaqh, paspa6oreHn B AlcepraquATa.

Pasrnex4aH[flT B,qilceprauhoHHilq rpyg npo6neM e aKTyaJ]eH KaKTo B HayqHo, TaKa

il B HayqHonpnnoxHo orHouleHr4e. AsroHorunnre uo6nnuu po6orv v AHTenl4reHTHara

HaBt raqt A ca cpeA uatZ-6t pso pa3BhBaulLrre ce HanpaBneHilc B cbBpeMeHHara

po6orrxa il il3KycrBeHiln l4HTenerr, oco6eHo nph pa6ora B AilHaMilqHr cpegn 6es

npeABapilTe.nHo il3rpaAeH il KapTil r,r GPS no3ilLu4oH 14paHe.

lorropaHrKara npaBnnHo e ra4errra$raqvpana orpaHilqeHVera Ha rpa4hqt4oHHilTe

HaBilralliloHHl4 MeTOAn A e HaCOqilfla il3cneABaHrflTa CV KbM H3nOfl3BaHerO Ha

o6yueure c no4cunBaHe 3a peanh3npaHe Ha a,qanrilBHo t,r r4HTenr4reHTHo noBe.qeHre Ha

aBToHoMeH areHT. flocraeeHilTe 3agaq[ ca ,rcHo Soprr,tynrpalr v cborBercrBar Ha

qenTa Ha AilcepTaq[oHHLrF TpyE.

2. Crenen Ha no3HaBaHe cbcroflHhero Ha npo6nenaa n rBopqecra

}lHTepnpeTaqnE Ha r HTepaTypH 14, MaTep[an.

[orropaHrxara EeMoHcrpt4pa MHoro go6po no3HaBaHe Ha c]rBpeMeHHoro

cbcrotHl4e Ha r3cneABaHilFTa e o6nacrra Ha 4un6ororo MalrJr4HHo o6yveure,

o6yveuuero c no4crnBaHe u aBToHoMHara po6oruxa. IrreparypHl,inT o6sop cbgbpxa

Kpl4ThqeH aHaI]143 Ha OCHOBHilTe nOAXOAU V anfopVlTMl4, il3non3BaHil npil aBTOHOMHaTa



HaBhraurF, KaTo e HanpaBeH o6ocHoBaH r436op Ha noAxoAeqn MeTolqn n apxuTeKrypn

3a peuaBaHe Ha nocTaBeHilTe 3aAaqh.

3. CuoreercrBhe xa ns6panara Merof,r4xa Ha h3cregBaHe c nocraBeHara qen

u sa4atlu Ha AlcepTaquoHHl4f, TpyA.

lAe5paaara Mero4ilKa e HanbnHo aEeKBarHa Ha nocraBeHilTe q'enn u sanaqt,

BKntoqBaltla aHanil3 Ha cbu{ecTByBau_lm anropr,rTMl4, n3rpaK,AaHe Ha chMynaqhoHHa cpe-

ga, o6yveHVe Ha MoEeflil, onruMilgaLlvt+ Ha apxrTeKTypl4 n eKcnepnMeHTanHa npoBepKa

B peanHa cpeAa.

Oco6euo nonoxurerHo cnegBa Ea ce oqeHh r3non3BaHero Ha HFKorKo cl4Myna-

r-luoHHr4 cpegil 14 t4HTerpaqvera Ha ROS2, Gazebo h peanHa po6ornsrpaHa nnarSopMa

Yahboom RDK X3. ['lpoee4en e cucreMarilqeH aHanlt3 Ha Bnnr,Hvlero Ha pa3flrLrHr4

xnnepnapaMerpLr, SyHxqur Ha Bb3Harpa4qeHhe il apxhreKTypil Ha HeBpoHHr4 Mpexlt

Brrpxy KaqecTBoTo ua o6yveHVieTo vt noBeAeHreTo Ha po6ora.

Meroguxara no3BonqBa Hagex(qHa npoBepKa Ha pa6orocnoco6uocrra u eQexrra-

Hocrra Ha paspa6oreHilTe Mogenil t,r e HanbrHo cuo6pa3eHa cbc cbBpeMeHHilTe

r4sr4cKBaHhfl 3a HayqH[ h3cne4BaHVn B o6nacrra.

4. Kparxa aHarnrtaqHa xapaKTepucrhKa Ha

AocroBepHocrra Ha MarepHana, Brpxy xoiro
AUCepTaqnoHHAfl TpyA.

ECTECTBOTO

ce rpaAflr

vt oqeHKa Ha

nphHoc14Te Ha

llonyvexrre pe3ynraril ce ocHoBaBar Ha 3HaqhreneH no o6eu reoperilqeH il

eKcnep[MeHTar]eH MaTepilafl, nonyqeH B ct4MynalliloHHa il peanHa cpeAa.

lr4scnegaauero hsnonsBa cbBpeMeHHr't MeroEr4 or o6nacrra Ha gun6oxoro MauuHHo

o6yueure r o6yveHuero c nogchnBaHe, Karo ca aHanilgt paHV il cpaBHeH[ Bo4eu{il

anropr4TMr4 ga aBToHoMHa HaBuraLlna Ha rvlo6unxr po6orr.

llonoxurenHa oLleHKa 3acnlDKaBa nocne4oBareflHr4rr no4xog, BKnloqBaul KaKTo

cltMynaqhoHHll r43creABaHVA, TaKa ta eKcnepmMeHTaflHa eeprSuraquF Bbpxy peanHa

po6ornerpaHa nnarSopMa. f'lpoaegeurre eKcnepilMeHTh ca AocrarbqHh no o6eu r
paaHoo6pa3r4e, a u3non3BaHilTe KonhL{ecrBeHr noKa3arenil no3Boflflear o6exrilgHa

oLleHKa Ha eQerrmBHocrra Ha npeAfloxeHrre pelxeHilH.



,[ocroeepHocrra Ha nonyqeHilTe pe3ynrarta ce norBbpx(qaBa Lrpes cpaBHilTeneH

aHarn3 Ha pa3nrqHt4 Mogeflil, KaKTo 14 t{pe3 ycneuHoro BanilAilpaHe Ha pa3pa6orexnre

anropnrMil B peanHa cpeAa. ,4gnonseaHilsr Marepnan e sa4un6oveHo aHaJrrsvpaH v

ocilrypgBa neo6xogttuara HayqHa o6ocHoaaHocr Ha $oprvrynrapaHrre HayqHn vt

HayqHonpilJloxH14 npnHocl4 Ha EilcepTauiloHHl4F TpyE.

5. Hayunn ulnnu HayqHonprrroxHr4 npnHocl4 Ha AhcepraqroHHun TpyE

llprHocrre B AilcepraLliloHHrle rpyg ca xnacra$uqr,rpaHu Karo HayqHo-npnno>KHvi u

npilnoxH14.

Kuna HayvHo-nprnoxHrre nprHoo4 ce orHacFT: paspa6oreaHero Ha MoAen ga

aBToHoMHa Haanraqvfl ua nao6nneu po6or 6es Heo6xo4l4Mocr or npe4BapilTeaHo

il3rpa,qeHil Kapru w GPS nosilr-lhoH14paHe; SoprvrynrapaHe il eKcnepilMeHTaflHo

Banvtrnpa|-].e Ha MoAefl Ha 3aBilcl4MocTTa MeXAy BXOEHTTe CeH3OpHLl napaMeTph,

crpyKrypara Ha $yHrLP ATa Ha Bb3Harpax(qeHhe r xapaKTepilcil4KilTe Ha HayqeHara

HaBilraLluoHHa nofinrnnai HanpaBeH e sagun6oveH aHanrg Ha cxogt4Mocrra tA

po6acrHocrra Ha HaBhraLlHoHeH Mo,qen, 6asnpan Bbpxy MeroEa PPO; npe4noxeH e

uogrSrqrpaH MexaHr3bM sa e$exrreuo H3nor3BaHe Ha 6yQep Ha onilr; paspa6oreH

e a4anrilBeH MexaHn3bM 3a.qilHaMnqHo perynilpaHe Ha cKopocrra Ha o6yveHne.

Krru nprnoxHrre npilHoclr ce orHacsr: paspa6oreHa e hHTerprpaHa cilMynaLlrloHHa

cpe4a (Gazebo) 3a h3cnegBaHe Ha HaBt/traqnrTa qpe3 o6yveHue c no4cl4.nBaHe;

peanv3t paHa e eKcnepilMeHTanHa cilcTeMa 3a aBToHoMHa HaBVfa\tAe c orpaHt4qeH

Ha6op ceH3opLt, npilnoxltMa B ilH4ycrpvantu 3arBopeHn npocrpaHcrBa; il3rpafleHa e

peaflHa eKcnephMeHTaJ'tHa ycTaHoBKa 3a Bann4!/.paHe Ha HaBVraqnoHHH nonhTrKil qpe3

$rsnvecxm po6or; ycnelxHo e ocbqecrBeH h eKcnepilMeHTaflHo Banu1npal npeHoc Ha

o6y.leH B cltMynaqroHHa cpega Mo4en rrru $rauvecxa po6orvaupa+a nnar$oprvra;

paspa6oreHh ca MerprKh 3a oLleHKa Ha 6eeonacHocrra r o6o6r.qaeMocrra Ha Moflerrr,

6aswpauu xa o6yueuile c no4cr4nBaHe, B peanHa cpe4a; peanr3ilpaHa e cilcreMa 3a

ynpaBneHne Bb3 ocHoBa Ha ROS2, AeMoHcrpr4paula Bb3MoxHocT 3a HaMafisBaHe Ha

xap,qyepHara cnoxHocr qpe3 hsnon3BaHe Ha 6rc4xerHn ceH3opt4.

Cgrrau, qe npltHochre cborBercrBar Ha cbgrrpxaHilero Ha .qhcepraquoHHt4n TpyA

v AMar Hay'.lHo-npilnoxHa h npaKTnqecra croftuocr.

L



6. Oqesra 3a creneHTa Ha nuqHoro yqacrhe Ha A[cepraHTa B npnHoc]4Te.

Or cugupxaHilero Ha AilcepraqroHHl4n TpyA, ny6nrraquATe n HaqilHa Ha npepcra-

BflHe Ha pe3ynrarilTe gcHo flI4qil 3HaquTenHoro nilqHo yqacrre Ha AoKTopaHTKara BbB

BCl4t{K14 eTanl/. Ha il3CAerqBaHeTO - aHaIIrS Ha nuTepaTypHl4 ylSTOr{Ht4Lll4, MoAeflilpaHe,

paspa6oreaHe Ha nporpaMHa peanil3aqilH, npoBexlqaHe Ha eKcneprMeurr, o6pa6orxa

v aqannS Ha pe3ynTaTilTe.

CgrtaM, qe npegcraBeHilTe pe3ynraril h npilHoo4 ca B npeo6nagaaauqa creneH

flilqHo Aeno Ha Ar4cepTaHTa.

7. l'lpeqexKa Ha ny6nuraqhr4re no ghcepraquo*Hun rpy4: 6poi, xapaKrep Ha

u3AaHuATa B Kot4To ca orneqaraHr. OrpaxeHre B HayKara - H3nofl3BaHe n

qr4ThpaHe or Apyr[ aBTopt4, B Apyr[ na6oparopur, crpaHn u np.

Kutu 4nceprauiloHHt4n TpyA ca npnnoxeHil ceAeM HayqHil ny6nuxaqrh, nHgeKcrpa-

Hil e 6asara flaHHil xa Scopus vr Web of Science, cBbp3aHil c reMara Ha EilcepraallflTa.
fler or HayqHure nyGnrxaqnn ca B cbaBTopcrBo c HayqHLrE pbKoBo4nrefl. fly6nrara-

\nATe OTpaSFBaT OCHOBHnTe peSynTaTN OT Hay'.{H]4Te n3CneEBaHI4fl V Ca Ha

Heo6xogruoro HayqHo Ht4Bo.

[o6po BneqarfleHile npaBil Hanilqtaero Ha rpu uATVpaHvlA Ha npilnoxeHilTe HayL{Ht4

rpyAoBe.

Cqilrarr,t, qe ny5nuxa4uoHHara geiluocr e AocrarbqHa ga npe4craBrHe Ha

ocHoBH[Te pe3ynTaTu oT rqncepTalliloHHr4fl TpyE 14 croTBeTcTBa Ha t/,3VcRBaHVATa 3a

nprgo6raaHe Ha o6paeoaarerHara u HayqHa creneH ,,AoKTop".

8. l4snongeaHe Ha pe3yrrarhre or rqhcepraqhoHHr,te rpy4 B HayqHara u

coqxanHara npaKT[ra, Hanuqhe Ha nocrhrHar npEK ]rKoHoMhqecKH eSerr ta np.

floryuenu, Ha Koltro ce ocHoBaBa rBrp4eHrero.

Peeynrarure or A[ceprauiloHHt4t rpy4 HaMilpar npilnoxeHl,e npe.qil Bcl4LtKo B

HayqHota3cne4oBarencKara npaKThKa B o6nacrra Ha aBToHoMHilTe uo6mnum po6orr,

t43KycrBeH[n t4HTeneKT n o6yveHuero c norqcunBaHe. 9acr or paspa6orrilTe ca

peannsnpa.rn u Banu1npaln B paMKure Ha HayqHoil3cne4oBarencKLt npoeKT Ne

242nn0fl9-Og ,,Qun6oxo o6yueuue sa Reinforcement Learning npu aemoHoMHu



Mo6unHu po6omu", Koero npe4craBnnBa nprKo AoKagarencrBo ga npaKTnqecKara

HacoL{eHocT I npilnoxilMocTTa Ha npoBeAeHhTe ]43cneEBaHilg.

Hayuuara gHaqilMocr Ha nocrilrHarhre pe3ynraril ce norBbpx4aBa KaKro or

ny6nnryeaHero ilM B MeXEyHapoEHl,t HayqHr Qopyuru, mH5eKcilpaHn e Scopus, TaKa il

or Harn'{ilero Ha He3aBucrrMnqurnpaHnn e ny6nuxaqwHaq}ry(AecrpaHHu aBTopt4. Toea

cBh4ereflcrBa 3a ilHTepec KbM paspa6orxrre I sa Bb3MoxHocrra re Aa 6u4ar

u3nor3BaHil Karo ocHoBa ea 6ufleqn il3cneflBaHrs e o6nacrra.

Kurra uoueHTa He ca npegcraBeHh AoKyMeHTn, y4ocroBepeBaqh peanr3tapaH npeK

l,tKoHoMl4qecrr eserr nnv vHp.ycTpr4anHo BHeApqBaHe Ha pa3pa6oreuure peueHne.

HegagrcilMo or roBa cqrraM, qe pe3ynrarilTe npilTexaBar gHaqhreneH noreHLlran ga

6uger4o npaKTilqecKo npilnoxeHile il ilKoHoMl4qecKa peafiu3aqilH e o6nacrra Ha

ilHTenilreHTHr4Te aBToHoM Ht4 ct4creMh u po6ornrara.

9. Oqexxa Ha crorBercrBnero Ha aeropeSepara c n3ucxBaHurra 3a

il3roTBflHeTO MY, KaKTO n Ha aAeKBaTHOCTTa Ha OTpa3f,BaHe Ha OCHOBHI4Te

noroxeHhe h npxHocl4Te Ha AncepTaufioHHr,/-A TpyA.

AaropeQeparbr e paspa6oreH e o6eM or 32 crpa+Vqv n e ilsrorBeH B cborBercrBue

c yrBbp4eut re v3vcKBaHLIfl sa o$opvrnHe Ha aaropeSeparr KbM Ar4cepraquoHHr

TpyfloBe sa npr4o6[BaHe Ha o6pasoBarerHara ta HayqHa creneH ,,,[,oKTop".

B Hero ca npegcraBeHil no qceH, crpyKTyphpaH u rorilqecKh nocnegoBareneH HaqilH

ueITa, 3aflaqilTe, [3noI3BaHilTe MeToAV Ha VSCne,qBaHe, nonyqeHuTe pe3ynTaTh I
SoptuynrpaHilTe HayqHil r HayqHonpilfioxHl4 nphHocr,t. OrpaseHr ca ocHoBHhre

nocraHoBKt Ha At cepraqiloHHr4r rpy4, KaKTo r HarZ-cuqecrBeHilTe eKcnepilMeHTaflHr

pe3ynTaTu h HanpaBeHnTe Bb3 ocHoBa Ha Tgx rsaogr.

Cvrtau, qe aBTope$eparur KopeKTHo u aAeKBarHo npegcraBfl cb4bpxaHilero Ha

AilcepraLliloHHl4s rpy4 v naaa o6effiilsHa npegcraBa 3a nocrnrHarure HayqHLl

pe3yflTaT[ v npnHoc|/. Ha AoKropaHTa.

10. Mnexnn, npenopl,nn u 6enexru.

Hsnaau cbr4ecrBeHil Kpnn4qHt4 benexxr KbM npetrcraBeHilfl A[cepraqhoHeH Tpyfl



CqtlraM, ue paspa6orKara e u3nbnHeHa Ha BrcoKo HayqHo ra npo$ecr,roHaflHo Hl4Bo,

KaTO nOCTaBeHilTe UennU 3aEaqu Ca peanil3vpaH.A ycneuHo, a nonyqeHuTe pe3ynTaTrl

r $optuynupaHilTe HayqHh il HayqHonpilfloxHl4 nphHocr4 ca y6egrarenHo floKasaHn.

[lpenopuveaM Ha AoKTopaHTKara Ea npo4bnxil cBo]4Te HayqHn t43cnegBaHtAfl BTa3u

nepcneKTilBHa il AilHaMuqHo pa3BilBaqa ce o6nacr Ha il3KycrBeHufl l4HTeneKT,

o6yueHuero c no4cilnBaHe h aBToHoMHl4re po6orrsvpaHt cr4creMil, KbAero ca Hanrqe

ornrqHil npeAnocraBKil 3a 6ugeulr 3HaqHMr HayqHr h nphnoxHh nocrl,lxeHilfl.

11. 3arnpqeHue c flcHa nonox[TerrHa nnr orpt4qareflHa oueHKa Ha

AnceprauuoHHnF rpyA.

Oqeurara Mfi sa npe.qcraBeHrfl AncepraqmoHeH Tpytr n qsnocrHara

HayqHor3cr'tegoBarercra pa6ora Ha AoKTopaHTKara e Karerophr{Ho noflox[TenHa.

[lpegcraeetn+T avcepraqiloHeH TpyA cb4bpxa aKTyanHu, opnrut+anHu v 3HaqnMn

HayqHr il HayqHonphnoxHt4 pe3ynrar[, Kol4To npeAcraBnqBar nphHoc e o6nacrra Ha

aBToHoMHl4re po6orrevpaHn cilcreMil, gun6ororo MauilHHo o6yveurae r o6yveuraero c

noAchnBaHe. llocraeeHhre qenil il 3aAaqn ca ycneuHo t43nbflHeHr, a SopruynrpaHtaTe

Hay'.tHl4 h HayqHonpilnoxHr nphHocl4 ca y6e4urenHo AoKa3aHh qpes npoBe,qeHr4Te

TeopeTilqHh r eKcnephMeHTafl Hil l43cneABaHhF.

Bus ocnoaa Ha ilgfloxeHoro cqilTaM, qe AhcepralluoHHnnT TpyA HanbrHo cbor-
BercrBa Ha u3[cKBaHVATa Ha,,3aKoHa ga pa3Bnrrero Ha aKarqeMilqHilq cbcraB e Peny6-

nrxa SunraplAs", KaKTo il Ha ,,1-lpaBrrHilKa sa npngo6rBaHe Ha HayqHil creneHil il

3aeMaHe Ha aKaAeM[qHil grbxHocn4" e TexHrqecxn yHilBepcxrer - Co$ran 3a

npu4o6uaaHe Ha o6pasoaareflHara il HayqHa creneH ,,,[oKrop".

[lopagu roBa ,qaBaM nofloxrre.nHa oLleHKa Ha AhcepraqhoHHtre rpyg l,l y6egeuo

npe,qnaraM Ha HayqHoTo xypl4 Aa npilclrAh Ha Mar. nHx. AHacTacnfl BnagnrurpoeHa

Cnaeoea o6pasoearerHara I HayL{Ha creneH ,,floKTop" no npoSecroHaflHo

HanpaBneHue 5.2.,,EreKTporexHilKa, eneKTpoHt4Ka il aBToMartAta", AoKTopcKa nporpaMa

,,CilcreMil c l43t(ycrBeH ilHTefi eKT".

,[ara: 05.06.2026 r PEI-fEH3EHT: /tre /
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REVIEW

of a PhD Dissertation for the Award of the Educational and Scientific Degree "Docto/' in

the Higher Education Area: 5. Technical Sciences, Professional Field 5.2. Electrical

Engineering, Electronics and Automation

Dissertation Author: M.Eng. Anastasia Vladimirovna Slavova

Dissertation Title: "Deep Learning Systems for Autonomous Mobile Robots"

Reviewer: Assoc. Prof. PhD Marin Milkov Zhilevski

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 lnterpretation

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. lt includes the analysis of existing algorithms, development of simulation

environments, model training, architecture optimization, and experimental validation in

real-world cond itions.

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 lts Reliability as

the Basis for the Dissertation Contributions.

The obtained results are based on a substantial body of theoretical and

experimentalmaterialcollected 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.

I 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 Gontribution.

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.



ln 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 lmpact.

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

supervisor.

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 lmpact.

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 Robofs", 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 practlcal implementation and economic

exploitation in the field of intelligent autonomous systems and robotics.

9. Evaluation of the Dissertation Abstract and lts 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.

I 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

I have no substantialcritical remarks regarding the dissertation.

The research has been conducted at a high scientific and professionat level. The

stated objectives and tasks have been successfully accomplished, and the obtained

results and scientific contributions have been convincingly demonstrated.

I 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.

ln view of the above, I 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, I 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 lntelligence Systems".
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