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Bbpxy AilcepraqhoHeH TpyA ea npugo6ilBaHe Ha o6pasoBarerHa r HayqHa creneH
,,4OKTOp"

Aarop Ha flhceprallhoHHr4n rpyA: Mar. rHx. AHacracAA BnagNrvrraposHa Cnasoea
Teua Ha AhcepraqvolHt fl TpyA: ,,CtacreMil c 4un6oro o6yueuue npil aBToHoMHt4

uo6rnHr po6oril"
9neu Ha HayqHoro xypr4: npo6.E-p r4Hx. Muxo Pa.{ee Milxoe

1. ArryanHocr Ha paspa6oreaaun B gt,tcepralluoHHl.tn TpyA npo6neu e
HayqHo H HayqHo]IpxnoxHo oTHouJeHhe

,[mcepraqroHHt4sr rpyA e nocBereH Ha ynpaBneH]4ero Ha aBToHoruHr uo6nnHr
po6orr, pa6orequ B ycnoBnn Ha HeonpegefleHocr, 6asrpauo Ha 4un6oro o6yveure c
noAcilnBaHe, ocilryprBaqo HaEe)K4Ha u 6esonacua pa6ora npil orpaHrueH ua6op or
ceH3opHh AaHHil.

[1pee nocregHilTe ro1t Hvl B cBeroBeu rraaula6 ce npoBex{Aar hHTeH3ilBHl4
h3cneiqBaHilfl Bbpxy ynpaBneHhero r o6yveHnero Ha raKilBa po6oru, Kot4To Bce no-
qecro ce h3nofl3Bar B npoMl4uJneHil il cepBtasHh cpe,qil. Sporr Ha HayqHhre ny6nnraqmr,
pa3rne4aqu npo6neMure Ha ilHTeflureHTHara HaBaraqtt1 HapacHa 3HaqilTeflHo. Karo
ce nMar npeEBilA TeKyu-loro cbcroflH]4e u reHEeHLll4hre B paSBurilero Ha ra3v1
r3cneAoBarencKa o6nacr, cMsraM, Lre reMara Ha .qilcepraqroHHLts rpyA e
il3KnrcqurenHo aKTyanHa KaKTo or HayqHa, TaRa A or npilnoxHa rneAHa roqKa.

2. Crenen Ha no3HaBaHe cr,croflHnero Ha npo6nenaa n rBopqecKa
uHTepn peTau.t[e Ha r uTepaTypHr4r MaTep]4an

fincepraqranra 3anoqBa c nrreparypeH nperneA v aHanns Ha cerauHoro
cbcrorlHile il npe4l43BilKareflcrBara npe4 o6yseHilero Ha aBToHoMHrre uo6rnnu
po6orm. Lfmnpauu ca 105 3arflaBiltt, BKnro.-rLlrenuo25 oHnailu u3ToqHilKa.3uaqnrenHa
qacr or qt4TilpaHara nilreparypa e ny6nuryeaHa npe3 nocnegHilre foAViHn.
IrreparypHmtr Marepilan e aHanh3rpaH Kpr,1Tr4r{Ho 14 TBopqecKil, Karo cr,orBerHnre
l43TOqHULlr4 Ca qVTVpaHil npaBrnHo.

Aaroprara e noKasafla sa4un6oveHil no3HaHilfl B pa3rnex(EaHara o6nacr, roero il
no3BofleBa 4a geSrurpa h3cneABaHre npo6neu n Ha ra3v 6asa - 4a Soprvryflilpa ecHo
Llenra h 3agaq[Te Ha rqilcepraLliloHHara pa6ora.

3. GuoreercrBre xa ns6paxara Merof,r4Ka Ha [3cneABaHe ta nocraBeHara qer
x 3aEaqh Ha AhcepTaquoHHltE rpyg c flocT[rHaT[Te npuHoc]t

Merogrrara Ha HgcneABaHe orroBaps Ha Llenra u 3a4aqilTe Ha EilceprallLroHHtaq
rpyg. Tn BKJ'ltoqBa aHa.nil3 ra ras6op Ha no.qxoAer{I4 Mo4enil 3a HaBilraqilq Ha aBToHoMHl4
uo6rnHu po6orra; cb3gaBaHe Ha cnMynallr4oHHa cpe,qa; o6yveHre n onrvMtA3an1ul Ha
anrophrMhTe 3a ynpaBneHl4e; eKcnepnMeHTanHn n3cneABaHilF il aHanH3 Ha
npnnoxrMocTTa Ha il3noIr3BaHilTe noAXOAl4.

llo lvtos npeLleHKa, npe4craBeHilsr Marepvianl Bbpxy rofrro ce rpagflT npilHochre
Ha AilcepraqiloHHara pa6ora e aAeKBareH. flpnnoxeHilTe Merogt4 3a ynpaBneHne v
o6yveHre, KaKTo r npe4noxeHnre pelueHnn ga HaBilraqvfl ca n3cne,qBaHil eKcnepilMeH-
TanHo, c Koero e AoKa3aHa rHXHara pa6orocnoco6Hocr. [Io rosil HaqhH e nocrhrHar
Eo6bp 6anaHc Mexgy reoperilL{H ara v npaKTilqecKara qacr Ha ,qhcepralltaoHHhfl rpy4.
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4. Hayvnra ulunu HayqHonphroxHr4 npuHocr,r Ha AucepraquoHHun rpyA
llpmeuau nperqcraBeHara cnpaBKa 3a nprHocnre Ha Ailcepraquo1Htuerpyg, Kor4To

MO)l(e Aa Ce OnpeAensT KaTo HayqHonprnoxHl4 14 npnnoxHl,l.
O6o6r.qeHo, HayqHonpxnoxHlrTe ]rp]tHoct4 ca cflegHrre:
F paspa6oreHil, npt,tnoxeHil n alannsupaHil ca MoAenr, cBbp3aHr c aBToHoMHa

HaBrraque ua uo6rnur po6orn:
. MOEen 6es h3nonsBaHe Ha npegBapilTelrHo l,l3rpa4eHu Kaprrl r Gps

no3[ql4oHl4paHe, 6aaupaH Ha noKaaHo Bb3npheMaHe Ha cpe4ara upea 4un6oxo o$yveure c
noEcl4flBaHe, xotito no3BoflflBa Soprrarapane Ha ycroilranaa HaBilraqiloHHa nont4Tuqa B
ArHaMhqHa h qacrilt{Ho Ha6nrcgaeua cpe4a;

o MOAerl Ha 3aBilcl4MocTra MexAy BXOAHilTe ceH3opHt4 napaMerph, cTpyKrypaTa Ha
$yurqrnra Ha Brr3Harpax(AeHne r xapaKTepncrhKnre Ha HayqeHara HaBrraqhoHHa
noflhrilKa, Karo e EoKa3aHo rnxHoro KnpqoBo BnAAHVe Bbpxy 6esonacHocrra, nflaBHocrra
n cta5nnuocrra Ha rqBrxeHuero;

F reeupu.teH e aHaflil3 Ha cxoAr,rMocrra r po6acrHocrra Ha HaBilraqiloHeH Mo4en,
6aenpau Bbpxy MeroAa PPO (nporcilMaflHa onrilMil3alluA Ha nonvry,oure), exnrcveaq
KOfll4qeCTBeHa OLleHKa Ha BnilflH14eTO Ha Kror.toBt4 xhnepnapaMeTpil Br,pxy
cra6nnxocrra n e$erruerocrra Ha obyveHrero B ycnoBrr Ha croxacrilqHocr yt

ceH3opeH uJyM;

D npegnoxeHh ca qenecto6pa3Hil noAxoEr4 orHocuo o6yveuhero Ha aBToHoMHr4
uo6nnuu po6orn, a [MeHHo:

o MoAilSilqilpaH no,qxorq sa eQerrrBHo usnoflsBaHe na 6yfiep Ha onhr, xofrro
onrilMt43t4pa pa3npeflefleHhero ua o6yurarerHuTe h3BaAKr4, ycKopgBa cxogt4Mocrra rl
noBiluaBa ToqHocTTa Ha HayqeHaTa noflilTilKa;

. aAanrilBeH noAxo.q 3a EViHaMVt{Ho perynhpaHe Ha cKopocrra Ha o6yueuue,
xofiro HaMansBa rone6aursra B nocr[raHero Ha nogo6peuun il noBruJaBa
cra6nnHocrta ua 6aawpauvtn Bbpxy PPO anroprrbM npil cfloxHl4 HaBilrallLtoHHl4
cqeHapilil.

Kuu npnnoxHhre npuHoct4 Moxe Aa ce orHecar paspa6oreHilTe cnMynallroHHa
cpe.qa u cboTBeTHil eKcnepilMeHTallHl4 nnar$opvrn 3a u3cne,qBaHe V Bann1t4paHe Ha
npegnoxeHrre no4xo,qu ea o6yveHne n HaBnraqAA.

['lpoaegeurre reopernlnr v1 eKcnepilMeHTanHn il3cre,qBaH Afl ca c npaKTilqecKa
HacoqeHocr, a npeAcraBeHilTe peueHhs ca c.qoKa3aHa esercrilBHocr.

5. [IpeqeHKa Ha ny6nraraq]tnTe no AncepraUuoHlauu rpyg
Pesynrarrre or fl rcepra qiloH H r4e rpy4 ca orpa3e H n a 7 ny6,nwKauvvt, npe4craBeH[

Ha MexAyHapoAHt4 xoH$epeHqnn, 6 or Kor4To ca hHfleKcnpaln a Scopus. HayuHrare
TpyEoBe ca KoreKTilBHl4, 5 or rsx ca B cbaBTopcrBo c HayqHilfl plrKoBorquren.
l-lpe4craaeHnre ny6nntaqnv go6pe ilntocrpilpar ocHoBHl4Te npuHoo,r Ha npoBe4eHilTe
il3cneABaHilg.

Kutu AoryrueHTilTe e nphnoxeHa cnpaBKa sa 4 qwupalvtfl or r{}a(AecrpaHHr aBTopLl
Ha 3 or ny6nrxaqrilTe no Ailceprallhsra. Toea Mr EaBa ocHoBaHkle Aa npileMa, qe
pe3ynrarilTe ca olleHenr go6pe or HayqHara o6qHocr B u3cneABaHara o6nacr.

6. Muexns, npenoprrr n 6enexxu
[ucepraqraoHHl4gT TpyA e paepa6oreH Ha BncoKo HayqHo Hr4Bo. Toft e rorrqecKh

crpyKryprpau,4o6pe 6anaucupaH h npeAcraBeH BbB sopua, Hanbr.rHo orroBapflula Ha
t(SncRBaHnAra 3a o6paaoaarerHara I HayqHa creneH ,,goKTop". flocrrrHatw ca
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3HaqHTenHil HayqHo-npilrroxHr4 pe3yflTarh, a r3clreEoBarencKara qen n +opMyflilpa-
HilTe SaAaqn ca ycneuHo h3nbnHeHn.

Ees 4a ce oManoBaxaBar np[Hoct4Te n o6qrre gocrofrHcrBa Ha Aucepranln1Ta,
MOraT Ea Ce HanpaBeT cneAHHTe KOMeHTapil il npenopbKr4:

1, l]o'o6r{onpilero e ,,cugupxaHile" Aa npe,quecrBa pa3.qenure ,,BbBe,qeHhe",
,, l4anon3BaH il cbKpaul eHIAA'n 14,,Pe,{ H 14K".

2. He ca aHannanpar,u MoAenilTe "yolo (you onry Look once)", Kor4To
HanocneAbK HaMilpar [!ilpoKo nprnoxeHne npil aBToHoMHl4 rvro6rnun po6orr aa
pa3no3HaBaHe Ha o6errr B peanHo BpeMe v rs6qreaHe Ha npensrcrBl4s.
Pasrne44aHero Ha ro3r,r cbBpeMeHeH no4xog 6u ruorno Aa ocnrypn ilHTepecHa HacoKa
aa 6ugequ u3cne,qBaHr4n.

3. [IpenopbqBa ce no-Hararbuuo ny6nNKyBaHe Ha nonyqeHhre pe3ynraril or
il3cneABaHt/.frTaB peHoMrpaHil Mex(AyHapo,qHm cnt caHua, Koero 6w ponpuaecno 3a no-
ujl4poKo pa3npocrpaHeHile h npil3HaHne Ha HayqHilTe nocrilxeHilg Ha aBTOpKaTa B
Mex(qyHapo4Hara il3cnegoBarencKa o6ulHocr.

7.3arnrcqeHlte
oqeHxara MV Ha npeAcraBelara EnceprallA+ e onpeAeneHo nonoxhrenHa.

CuoreerHrre vgAcRBaHnF Ha 3axoHa sa pa3BilThero Ha aKalqeM+qHtfl cbcraB B
Peny6nraxa Etnrapul, [lpaernurra sa HeroBoro npunaraHe n [lpaarnxrra 3a
ycnoBhflTa u peAa sa npu4o6[BaHe Ha HayqHr creneHr e TexnnqecK]4e yHhBepcilTer -
Co$nn ca cnaseHr.

Bug ocHoea Ha HanpaBeHilfl aHaflil3 Ha Ar4cepralliloHHr4fl TpyA r,1 3HaqnMocrra Ha
nonyl{eHhre pe3ynraril, cqrraM 3a ocHoBarenHo,qa npeAnoxa Ha Mar. nux. AuacracnR
Bnagnrurpoana cnaBoBa ,qa 6uge npracbAeHa o6pasoearerHara n Hay'.{Ha creneH
,,goKrop" B HayqHa o6nacr 5. TexurqecKn HayKh, npo$ecraoHanHo HanpaBneHue 5.2.
EnerrporexHl4Ka, eneKTpoHt4Ka n aBToMarilKa, HayqHara cnellranHocr ,,ChcreMr c
,l3KyCTBeH [HTefleKT ".

.[ara: 04.06.2026 r LTJIEH HA Xypt4TO: F / 4- /
(npo$.4-lp r,rHx. Mr,rxo Mraxoa)
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OPINION

on a dissertation for the acquisition of the educational and scientific degree
"Doctor"

Author of the dissertation: MEng. Anastasiya Vladimirovna Slavova
Title of the dissertation: "Deep learning systems in autonomous mobile robots"

Member of the Scientific Jury: Prof. Dr. Eng. Mikho Rachev Mikhov

1. Relevance of the problem developed in the dissertation from scientific
and scientific-applied perspective

The dissertation focuses on the control of autonomous mobile robots operating
under uncertainty, based on deep reinforcement learning methods, ensuring reliable and
safe operation using a limited set of sensor data.

ln recent years, extensive research has been conducted worldwide on the control
and training of such robots, which are increasingly being deployed in industrial and
service environments. The number of scientific publications addressing intelligent
navigation problems has grown significantly. Considering the current state and
development trends in this research area, I believe that the dissertation topic is highly
relevant from both scientific and applied perspectives.

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

The dissertation begins with a literature review and an analysis of the current state
and challenges in the training of autonomous mobile robots. A total of 105 references are
cited, including 25 online sources. A substantial part of the cited literature has been
published in recent years. The literature is analyzed critically and creatively, and all
relevant sources are cited correctly.

The author has demonstrated in-depth knowledge in the field under consideration,
which has enabled her to define the problem under investigation and, on this basis, to
clearly formulate the goal and objectives of the dissertation.

3. Alignment of the research methodology with the goal, objectives, and
contributions of the dissertation

The research methodology is fully consistent with the goal and objectives of the
dissertation. lt includes analysis and selection of appropriate models for navigation of
autonomous mobile robots; creation of a simulation environment; training and
optimization of the control algorithms; experimental studies and analysis of the
applicability of the approaches used.

ln my opinion, the presented material, upon which the dissertation contributions are
based, is adequate and relevant. The applied methods for the control and training of
autonomous mobile robots, as well as the proposed solutions, are experimentally
validated,demonstrating their effectiveness and practicalapplicability. ln this way, a good
balance between the theoretical and practical aspects of the dissertation is achieved.

4. Scientific and/or scientific-applied contributions of the dissertation
I accept the presented report on the contributions of the dissertation work, which

can be characterized as scientific-applied and applied.
ln summary, the scientific-applied contributions are as follows:
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implemented, and analyzed, including:
. a model without the use of pre-built maps and GPS positioning, based on local

environmental perception through deep reinforcement learning, which enables the
formation of a stable navigation policy in a dynamic and partially observable environment;. a model describing the relationship between input sensor parameters, the
structure of the reward function, and the characteristics of the learned navigation poticy,
demonstrating their key influence on movement safety, smoothness, and stabitity;'

> an analysis of the convergence and robustness of a navigation model based on
the PPO (Proximal Policy Optimization) method has been carried out, including a
quantitative assessment of the influence of key hyperparameters on the stability ind
efficiency of learning under stochastic conditions and sensor noise;

> appropriate approaches for training autonomous mobile robots are proposed,
namely:

o a modified approach for efficient experience buffer utilization, which optimizes
the distribution of training samples, accelerates convergence, and improves policy
accuracy;

. an adaptive approach for dynamic learning rate adjustment, reducing fluctuations
in performance improvement and enhancing the stability of the PPO-based algorithm in
complex navigation scenarios.

The applied contributions include the developed simulation environment and the
corresponding experimental platforms for research and validation of the proposed training
and navigation approaches.

The theoreticaland experimental research conducted is practically oriented, and the
solutions presented are of proven effectiveness.

5. Assessment of the publications on the dissertation
The results of the dissertation have been published in seven scientific papers,

presented at international conferences, six of which are indexed in Scopus. These works
are co-authored, five of them jointly with the scientific supervisor. The presented
publications adequately reflect the main contributions of the conducted research.

The submitted documents also include evidence of four citations by foreign authors
referring to three of the publications related to the dissertation researih. Thii provides
grounds to conclude that the results have received positive recognition from the scientific
community in the respective research field.

6. Opinions, recommendations, and notes
The dissertation thesis has been developed at a high scientific level. lt is logically

structured, well balanced, and presented in a form fully consistent with the requirements
for the educational and scientific degree "Doctor". Significant scientific and appiied results
have been achieved, and the research objective and tasks have been successfully
fulfilled.

Without diminishing the contributions and overall merits of the dissertation, the
following comments and recommendations may be offered:

1. lt would be more conventional for the Table of Contents to precede the
lntroduction, Abbreviations Used, and Glossary sections.

2. The dissertation does not discuss YOLO (You Only Look Once) models, which
have recently found widespread application in autonomous mobile robots for real-time
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object detection and obstacle avoidance. Consideration of this modern approach could
represent an interesting direction for future research.

3. Further publication of the obtained research resutts in reputable peer-reviewed
international journals is recommended, as this would contribute to the broader
dissemination and recognition of the author's scientific achievements within the
international research community.

7. Gonclusion
My assessment of the presented dissertation thesis is highly positive. The relevant

requirements of the Law on the Development of the Academic Staff in the Republic of
Bulgaria, the Regulations for its implementation and the Regulations on the terms and
proce_dure for acquiring scientific degrees at the Technical University of Sofia have been
complied with.

Based on the analysis of the dissertation and the s ignificance of the results obtained,
I consider it justified to pr

the educational and sci
professional field 5.2.
specialty "Artificial Intellir

Date: June 04,2026.

ropose that tMEng. Anastasiya vladimirovna slavova be awarded
entific degree "Doctor" in scientific field 5. Technicar Sciences,
Electrical Engineering, Electronics and Automatics, scientific
gence Systems"

JURY MEMBER: [ /4?- /

(Prof. Or.feng. Mikho Mikhov)
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