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CTAHOBUWLWE
BbPXY AMCepTaunoHeH TpyA 3a npuaobusaHe Ha obpasoBaTerniHa n Hay4Ha cTeneH »JOKTOp”

ABTOp Ha AucepTaLUUOHHMS TPYA: Mar. nHx. AHactacust BnagummposHa Cnasosa

Tema Ha AucepTaumoHHus TpyAa: Cuctemn c abnGoko o6yyeHue Nnpyu aBTOHOMHUTE
MOBUIHM poboTu '
UneH Ha Hay4yHOTO Xypu: npod. A-p nHx. AnekcaHapa MeaHosa I” pbHYapoBa

1. AKTyanHocT Ha paspa6oTBaHus B AVCepPTaUMOHHUS TPyA Npo6riem B HayuyHO u
Hay4YHOMPUNOXHO OTHOLLEHMe.

W3BecTHo e, Ye aBTOHOMHWUTE MOGUMHM po6otn (AMP) ce usnonsear Bce Mo-LUMpPOKo B
WHAYCTpUsTa, noructukata, obcrnyxsalmre LeWHOCTM M paboTata B puckosu cpean. B
CblIOTO BpeMe uMa MOBULLEHW M3UCKBAHWUS KbM MeToauTe 3a TAXHOTO ynpaBeneHue u
HaBurauusi. B TO3N KOHTEKCT, AUCEPTALMOHHMAT TPyA € NoCBeTeH Ha pellaBaHeTO Ha
aKkTyanhus u cnoxeH npobnem 3a paspaboTBaHeTo Ha Nno-ePeKTMBHA U WHTENUreHTHa
CuctemMa 3a aBTOHOMHa Hasuraumsi Ha AMP 6e3 NpeABapuUTEeNHO nnaHupaHe Ha NbTs U 6ea
3aBnMcMmocT ot GPS uHdpacTpykTypa. Takasa cuctema 6u Nno3Bonuna n3non3BaHeTo Ha
AMP B AMHaMUYHM U YacTMUHO Habrogaemm cpean 4Ypes TOMHO pasno3HaBaHe Ha 06ekTuTe
W AVHamMWYHO u3BsreaHe Ha npensiTCTBUSATA. HApyra aktyanHa sapauva, nocraseHa B
AVCepTaumnATa, e paspaboTBaHeTO Ha PecypcHo edeKTUBHM pelweHus, 6asvpaHu Ha
orpaHudeH Habop OT ceH3opw, ¢ Lien HamansBaHe Ha XapAyepHara CIoXHOCT U pasxofuTe
3a BHe[psiBaHe Ha npeanoxeHara UHTENMIeHTHa cucTema.

2. CTeneH Ha No3HaBaHe CBLCTOSIHUETO Ha npobnema n TBopYecka UHTepnpeTaums
Ha nuTepaTtypHua Marepuan.

OvcepTaunoHHusaT TpyA € B obem ot 151 cTpanuum, Kato BKMHOYBA yBoa, 4 rnaeu 3a
pellaBaHe Ha chopMyNMpPaHNTE OCHOBHM 3aAauM, CMIUCHK HA OCHOBHUTE NPUHOCK, CMIUCHK Ha
nyénukaumMte no AucepTauusiTa, CNUCHK  Ha untmpaHuata Ha nybnukauum no
AucepTaumusaTa, usnonsBaHa fuTepaTypa, M NpUIOXeHue. bubnuvorpacdmara Ha
AucepTauvoHHua Tpya ekntousa 105 sarnasus, konto o6xeawaTt paboTtu B nepuoaa ot 1999
r. oo 2025 r. ToBa noka3Ba OTNNYHA MH(OPMUPAHOCT KaKTO B LMpokaTa obnacT Ha
NpUNoXeHne Ha ALNOOKOTO MalWMHHO 06yuyeHne npu AMP, Taka 1 B no-TsacHaTta obnact Ha
HaBuraumsaTa Ha AMP upes nsnonssaHe Ha nogxoga 3a AbLNGOKO obyyeHue ¢ noacuneaHe.
Bcuykn nstouHmum B BubnuorpacbuyHata cnpaska ca Ha aHrnMiicky €3uK, KaTo 25 oT Tax ca
WHTEepHeT afpecu. [Mo-ronamara Yyact oT unuTUpaHaTa nutepatypa (npubnusutenHo 80%)
obxsawa nepuopga ot 2017r. po 2025r. Wauepnatennata nutepaTtypHa crnpaBka,
NpeacTaBeHa MO aHanUTUYeH HauvH B MbpBa rMaea B ANCepTaunoHHnsa Tpya, e
npeAnocTaBska 3a HENHOTO TBOPYECKO M3MON3BaHe 3a NOCTUraHe Ha LenTa Ha gvceprauusita
— paspaboTBaHeTo Ha cucTeMa 3a ynpaerneHve Ha AMP B YCNOBUA Ha HeonpepgeneHocrT,
basupaHa Ha AbnGoko obyuyenue c noAcunBaHe, KoATO rapaHTupa GesonacHa pa6ota u
Nputexasa ronama o6obwasalla cnocoBHOCT NpU M3nonssaHe Ha orpaHuyeH Habop
CEeH30PHM AaHHW.

3. ChoTBeTCTBMEe Ha M3bGpaHaTa MeToaMKa Ha uscnepBaHe U noctaBeHaTa Uen M
3aAaln Ha AUCepPTaUMOHHMSA TPYA C NOCTUrHaTUTe NPUHOCH.

Llenta u sapaunte Ha ancepTaumoHHNS TPYA C€a ACHO 1 TOYHO hopmynupaHn. 3a TAXHOTO
WSITbITHEHME € HanpaBeH NoapoGeH aHanu3 Ha CbLUeCcTBYBALLMTE MOJENM 33 HaBuraumsa Ha
AMP upes noaxoga 3a ob6ydyenue c noAcunsaHe. Ha Tasn ocHoBa e paspaboTeH u
€KCnepMMeHTanHo BepuuLIMpaH opuriHaneH mogen 3a Hasuraunsa Ha mobuneH poboT 6e3
usnonssaHe Ha npeaBapuTENiHO MnaHupaHe Ha Tpaektopusita u GPS nosvumoHupaHe.
Wsbpanata MeToauka Ha MalUMHHOTO oby4yeHne (obyyeHne c noAcwneaHe) HambiiHO



CbOTBETCTBA Ha nocTasBeHaTta uen um cbopmynmpaHMTe 3agayn. I'IonyquMTe pesyntatu
y6e,quenHo rnokKasear, 4e uenTta Ha anceptaumsaTta e nocrturHara.

4. HayuHu n/unu HayyHONpUNoxHm MPUHOCK Ha AUCePTaLMOHHMSA TPya.
[vcepTaumoHHUsT Tpya cbabpxka ChbllecTBeHy HaY4YHO-MPUMOXHN N NPUNOXHN NPUHOCHK.

Hay4Ho-npunoxHute npuHocu ca pe3ynTaTt oT u3cnenBaHUATa B CrieQHUTE OCHOBHMU

MOCOKMU:

» PaspaboteH e opuriHaneH Mogen 3a aBTOHOMHA HaBuraumsa Ha mobuneH po6ot 6e3
W3nonseaHe Ha npeaBapUTENHO U3rpadeHn kaptv u GPS nosunumoHnpaHe, 6asupaH Ha
JiokalnHo Bb3nNpueMaHe Ha cpeparta upes AbLRGoko obyuyeHue ¢ nogcuneaHe, KoWTo
nossonsea hopMMpaHe Ha YCTONYMBA HABUraLMOHHA NOMUTUKA B AVHaMWYHa 1 YacTU4YHO
Habniogaema cpega.

e VlHTerpupaHn ca apxutekTypHu u anroputMnU4HM  nofobpeHnss B obyyeHueTo ¢
nofcuneaHe (MoauduLMpaHa HeBpoHHa apXUTeKTypa, aaanTuBHa CKopocT Ha obyyeHue
W ONTMM3MpaHo 1snonssaHe Ha Gycep 3a onuT). ToBa BOAM 40 CTATUCTUYECKU 3HAUNMO
nofobpeHne Ha CcXoAMMOCTTa, CTabUNMHOCTTA U HaBUraumnoHHaTta eqeKkTUBHOCT Ha
KOneceH aBToHoMeH MobuneH po6oT cnpsimo 6asosaTta peanusaums Ha anroputbma.

lMpunoxHuTe NpMHOCK ca CBBbP3aHN OCHOBHO C:

» PaspaGotsaHe Ha uHTerpupaHa cumynauuonHa cpega (Flatland/Gazebo) sa uscneneane
Ha HasuraumsaTa 4pes obyyeHne ¢ nopcuneaHe NocpencTEOM peanuctuyeH mogen Ha
mMobunHa nnatgopma.

* EkcnepumenTanHo oueHsiBaHe Ha npunoxmnmMocTTa Ha NpeanoxeHnTe MoAenun B pearnHa
cpefa c yvactme Ha aBTOHOMeH MoGuUneH poBoT. CuUcTeMaTWueH aHanns Ha
YCTOWYMBOCTTa Ha MOZENUTe NpU NPEHOC OT Cumynaums B peanHa usndecka cpega.

5. lMpeueHka Ha ny6nukauumuTe no ANcepTaLMOoHHUA TpyA.

OcCHOBHUTE MOCTUXEHUS © pesynTaTn oT AucepTauMOoHHMA Tpyn ca ny6nukyBaHu B 7
Hay4HW cTaTum, oT KouTo 6 ca B UsAaHNs, KOUTO ca pedepupany u nHaekcupaHm B Scopus.
Ot 1ax 5 ca pedepupaHn cbwo u B IEEE Xplore. My6nukauumute B KONMUYECTBEHO U
Ka4ECTBEHO OTHOLLEHMe HaAXBBLPNAT M3NCKBAHUATA 3a NPUCHXaaHe Ha obpasoBatenHaTa u
Hay4Ha cTeneH ,[0KTOp” Ha 3aKoHa 3a pasBMTVE HA aKkageMWuYHUS CbCTas B Peny6nuka
Bwnrapua (3PACPB) u lMpasunHuka 3a ycnosusta u pefa 3a npugobusaHe Ha HayyHu
crenenn B TY-Cocpusi. Tpu oT nybnukaummte ca U1uThpaHu ot apyru asTtopu. Hanara ce
W3BOABT, Y€ Nony4eHuTe pesynTatv ca CTaHanm AOCTbHU 33 HayyHaTa o6LwHocT.

6. MHeHuA, npenopbku u Genexku.
Hamam cepnosHmn KpuTuuHu Genexku.

7. 3aknoveHue.

B®b3 ocHoBa Ha aHanusa Ha npegcraseHus AucepTauMoHeH Tpya WM 3HAYMMOCTTa Ha
CbABPXALLMTE CE€ B HErO OPUMMHANMHN HAYYHO-MPUMOXKHU U NPUMOXHU NPUHOCK, cYUTaMm, ye
TOW HaMbIIHO OTIOBaps Ha M3WCKBaHMATa Ha 3PACPE. CnaseHu ca BCUYKM M3UCKBaAHWS 33
npucbXaaHe Ha obpasosaTenHara u HayyHa cTeneH »AOKTOP" Ha MNpaBunHuka 3a ycnosusaTa
¥ peda 3a npuaobusaHe Ha Hay4YHW CTeneHu B TY-Cochus. Bcuuko ToBa MM AaBa NbIHO
OCHOBaHMe fOa AaM BUCOKa MNONIOXWUTENHa oOLUeHKa Ha AUCepTaLUOHHMA Tpya U
ybeaeHo nAa npenopbuyaM Ha yBaxaemoto HayuyHo Xypu Aa npuchbau Ha mar. MHX.
AHactacua BnagummposHa CnasoBa obpasoBaTenHaTa M HayyHa cTeneH »AOKTOpP” B
npodecoHanHoTo HanpaBneHue 5.2. EnekTpoTexHuka, enekTpoHWka M aBToMaTUkKa
no Hay4yHaTta cneuuanHocT ,,CUCTEeMU C U3KYCTBEH UHTeneKT”.

[ara: , UNEH HA XYPUTO:  /72/
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OPINION
on a dissertation thesis for acquiring the educational and scientific degree ,Doctor”

Author of the dissertation thesis: MEng. Anastasiya Vladimirovna Slavova
Title of the dissertation thesis: Deep learning systems for autonomous mobile robots
Member of the scientific jury: Prof. Alexandra Ivanova Grancharova, PhD

1. Topicality of the problem addressed in the dissertation from a scientific and
scientific-applied aspects.

It is well known that autonomous mobile robots (AMRs) are being used more and more
widely in industry, logistics, service operations, and work in hazardous environments. At the
same time, there are increasing requirements on the methods used to control and navigate
them. In this context, this dissertation is dedicated to addressing the topical and complex
problem of developing a more efficient and intelligent autonomous navigation system for
AMRs that does not require a preliminary path planning and does not depend on GPS
infrastructure. Such a system would enable the use of AMRs in dynamic and partially
observable environments through accurate object recognition and dynamic avoidance of
obstacles. Another key objective of the dissertation is to develop resource-efficient solutions
based on a limited set of sensors, with the aim of reducing hardware complexity and the
implementation costs of the proposed intelligent system.

2. Level of knowledge of state-of-the-art for the considered problem and creative
interpretation of the literature material.

The dissertation has 151 pages and includes an introduction, 4 chapters containing the
solution of the formulated main research tasks, a list of the main contributions, a list of
publications on the dissertation topic, a list of citations of the publications, a bibliography,
and an appendix. The dissertation bibliography includes 105 titles which comprise works in
the period from 1999 to 2025. This demonstrates an excellent knowledge both in the broad
field of deep machine learning applications for AMRs and in the more specific field of AMRs
navigation by using the deep reinforcement learning approach. All sources in the
bibliography are in English, and 25 of them are web addresses. The majority of the cited
literature (approximately 80%) covers the period from 2017 to 2025. The comprehensive
literature review, presented analytically in the first chapter of the dissertation, serves as a
foundation for its creative application in achieving the dissertation’s objective — the
development of a system for controlling the AMRs under conditions of uncertainty, based on
deep reinforcement learning, which ensures safe operation and possesses a high
generalization ability when using a limited set of sensor data.

3. Consistency between the chosen research methodology and the objectives and
tasks of the dissertation with the achieved contributions.

The dissertation goal and tasks are clearly and precisely defined. To achieve them, a
detailed analysis of existing models for AMRs navigation using the reinforcement learning
approach has been conducted. On this basis, an original model for mobile robot navigation
has been developed and experimentally verified without the use of pre-planned trajectories
and GPS positioning. The selected machine learning method (reinforcement learning) fully
corresponds to the stated objective and the formulated tasks. The obtained results
convincingly demonstrate that the goal of the dissertation has been achieved.



4. Scientific and/or scientific-applied contributions of the dissertation.

The dissertation contains significant scientific-applied and applied contributions. The
scientific-applied contributions result from the research in the following main
directions:

e An original model for autonomous navigation of a mobile robot without the use of
preliminary determined maps and GPS positioning has been developed, based on local
environmental perception through deep reinforcement learning, which enables the
generation of a stable navigation policy in a dynamic and partially observable
environment.

* Architectural and algorithmic improvements have been incorporated into the reinforcement
learning (modified neural architecture, adaptive learning rate, and optimized use of the
experience buffer). They result in a statistically significant improvement in the
convergence, stability, and navigation efficiency of a wheeled autonomous mobile robot
compared to the baseline implementation of the algorithm.

The applied contributions are related mainly to:

» Development of an integrated simulation environment (Flatland/Gazebo) for studying the
navigation through reinforcement learning using a realistic model of a mobile platform.

* Experimental evaluation of the applicability of the proposed models in a real-world
environment involving an autonomous mobile robot. Systematic analysis of the robustness
of the models when transferred from simulation to a real-world physical environment,

5. Evaluation of the publications on the dissertation’s topic.

The main achievements and results of the dissertation are described in 7 scientific
publications, 6 of which are referred and indexed in Scopus. Five of them are also referred in
IEEE Xplore. In terms of both quantity and quality, the publications exceed the requirements
for awarding the educational and academic degree “Doctor” of the Act for the development of
the academic staff in the Republic of Bulgaria and the Regulations for the conditions and the
order for awarding scientific degrees in the Technical University of Sofia. Three of the
publications are cited by other authors. The conclusion is that the results, obtained in the
dissertation, are well disseminated among the scientific community.

6. Comments, recommendations, remarks.
I do not have any serious critical remarks on the dissertation.

7. Conclusion.

Based on the analysis of the reviewed dissertation and by taking into account that it
contains original and significant scientific-applied and applied contributions, | consider the
dissertation as completely meeting the requirements of the Act for the development of the
academic staff in the Republic of Bulgaria. The dissertation fulfills all requirements for
awarding the educational and scientific degree ,Doctor” of the Regulations for the conditions
and the order for awarding scientific degrees in the Technical University of Sofia. On the
basis of all this, | give a high positive evaluation of the dissertation and | am
convinced in recommending to the honorable Scientific Jury to award the educational
and scientific degree ,,Doctor” to MSc. Eng. Anastasiya Viadimirovna Slavova in the
professional field 5.2. Electrical engineering, electronics and automatics, the scientific
specialty ,,Systems with artificial intelligence”,

Date: MEMBER OF THE SCIENTIFIC JURY: /2/
26.05.2026 — IProf. Alexandra Grancharova, PhD/
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