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CTAHOBUWLWE

BbpXy AMcepTaunoHeH TpyA 3a npuaobusaHe Ha obpasoBaTenHa U Hay4YHa cTeneH
+dOKTOp”

ABTOp Ha AucepTauMOHHNA TPYA: Mar. MHX. AHactacus BnagumuposHa Cnasosa
Tema Ha aucepTaumoHHUs TpyA: ,CnucteMn ¢ 4bn6oKo obydeHre Npu aBTOHOMHM
MOBUNHN poboTn®
UneH Ha Hay4yHOTO Xypu: npod. A-p HX. Muxo Payes Muxos

1. AKTyanHocT Ha pa3paboTBaHUA B AUCepTaLMOHHUA Tpya npobnem B
Hay4HO U Hay4YHOMPUNOXHO OTHOLUEHue

[vcepTaunoHHUAT TpyA e NocBeTEH Ha ynpaBrieHNeTo Ha aBTOHOMHM MOGUIHU
po6oTu, paboTellu B ycrioBMst Ha HeonpeneneHocT, 6asMpaHo Ha AbNGOKo obyyeHne ¢
noacuneaHe, ocurypsBalllo HagexaHa u 6esonacHa paboTta npu orpaHuyeH HaGop oT
CEH30PHWN OaHHW.

MNpes nocnegHute roavHM B CBEeTOBeH Maw@ab ce npoBexaaT WHTEH3VBHU
nscneaBaHNa BbPXY yrnpaBrieHMeTo U obyvyeHVMeTo Ha Takuea poboTH, KOUTO Bce Mo-
4eCTo Ce M3MoN3BaT B NPOMULLNEHN U CEPBU3HU cpeaun. BposaT Ha Hay4YHMTe NyGnukaumu,
pasrnexaalin npobneMute Ha UHTeNUreHTHaTa HaBUraums, HapacHa sHauuTenHo. Kato
ce umaT npeaBua TEeKyWOTO CbCTOAHME M TeHAEHUMMTEe B pPasBUTUETO Ha Tasu
u3cnegoeatencka obnact, cMmsiTaMm, Ye TemaTa Ha AUCEPTauMOHHMSI Tpyd e
U3KIIOYMTENHO aKTyasiHa KakTo OT Hay4Ha, Taka 1 OT NpUNoXxHa rneaHa Touka.

2. CreneH Ha no3HaBaHe CbLCTOSIHMETO Ha npobrema M TBOpYecka
MHTepnpeTauus Ha NUTepaTypHUs maTtepuan

[vcepraumata 3anoyBa C nuTepaTypeH nperneq W aHanu3 Ha cerawHoTo
CbCTOstHME W npeau3BuKaTencrearta npej obydyeHMeTo Ha aBTOHOMHUTE MOBUIMHM
po6otu. Lintnpanm ca 105 3arnaeus, BKIIOYUTENHO 25 OHNAMH M3TOYHMKA. 3HAUUTENHAa
YacT OT UuuTWpaHaTa nuTepaTypa e nybnukyBaHa npe3 MOCMedHUTEe TOAWHMW.
JlutepatypHuaT matepvan e aHanuavipaH KpUTMYHO M TBOPYECKW, KaTo CbOTBETHUTE
N3TOYHULN Ca UUTUPaHU NPaBUITHO.

ABTOpKaTa e nokasana sagbnboyeHu No3HaHUA B pasrnexaaHara obnact, KoeTto i
no3BonsiBa fa AedvHMpa n3cnensaHusi npobnem n Ha Tasu 6a3a — ga opMynmpa sicHo
LuenTa v sagavnTe Ha gucepTtalMoHHaTa paboTa.

3. CroTBeTCcTBME Ha U3bpaHaTa MeToAMKa Ha u3cneaBaHe M NocTaBeHaTa Len
M 3agayvn Ha QUcepTauMoOHHNA TPpyA C NOCTUrHaATUTE NMPUHOCH

MeToavkaTa Ha n3cneaBaHe oTroBapsl Ha LenTa W 3agadnTe Ha AnMcepTauvoHHMS
Tpya. TA BKNoYBa aHanma 1 n3dop Ha NoaxoAsLLM MOAENW 3a HaBUraumst Ha aBTOHOMHM
Mo6uMnHM poboTK; cb3gaBaHe Ha CUMynaUMOHHa cpeda; obydeHne U onTMMM3aUMs Ha
anroputMnuTe 3a yrnpaBfieHWEe; eKCNepuMeHTanHn uscneaBaHuas WM adanu3 Ha
NPUOXMMOCTTA Ha U3MNon3BaHnTe Nogxoaw.

lNo mos npeueHKa, NpeacTaBeHUAT MaTepuarn, BbpXy KOMTO ce rpadsaT npuHocuTe
Ha gucepTaunoHHata paboTa e agekeaTeH. [punoxeHUTe MeToaM 3a ynpasrneHue u
obyyeHue, KakTo 1 NpeanoXeHnTe peLUeHns 3a HaBuraLuus ca uacrneasaHmn ekcriepuMeH-
TanHo, C KOeTo e JoKasaHa TaxHaTa pabotocnocobHocT. Mo To3M HauuH e nocTurHat
A00bp 6anaHc mexay TeopeTMyHaTa U npakTuyeckaTa YacT Ha ANCepTaumoHHUs Tpya.
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4. Hay4yHu n/unun HayYHONPUIOXHN NPUHOCHU Ha ANcepTaunoHHNA TpyA

lNpremam npefcraseHata cnpaeka 3a NPUHOCUTE Ha AUCEPTALMOHHUS TPYyA, KOUTO
MOXe [1a Ce OnpeaenAT KaTo Hay4YHOMNPUIIOXHN U NPUIOXHM.

O606LieHo, HayYHONPUIOXKHUTE MPUHOCK Ca CriedHuTE:

> pa3paboTeHu, NPUNOXEHWU U aHanM3MpaH1 ca MoJesiu, CBbP3aHu ¢ aBTOHOMHA
HaBuraums Ha MobunHu poboTu:

* mofen 6e3 w3nonssaHe Ha MpeaBapuTenHo MsrpadeHM kapti u  GPS
nosnLUMoHMpaHe, 6a3npaH Ha NoKanHoO Bb3NpueMaHe Ha cpegaTta Ypes AbrGoKo 06yyeHue ¢
noAcuneaHe, KoOWTO Mno3BonisiBa popmMypaHe Ha yCToMuMBA HABUraUMOHHA MONUTMKA B
AVMHaMU4Ha 1 YacTu4YHo Habnoaaema cpea;

® MOAEn Ha 3aBNCMMOCTTa MeXay BXOAHMTE CEH3O0pHW napameTpy, CTpyKTypaTa Ha
(YHKUMSITA Ha Bb3HarpaXaeHWe W XapakTepuCTUKUTE Ha HayyeHaTa HaBUraLyvoHHa
NnonuTKKa, KaTo e [oKasaHo TAXHOTO KIMYOBO BNUsIHUE BbpXY 6€30MNacHOCTTa, NnaBHOCTTa
n cTabunHocTTa Ha ABWKEHMETO;

> WU3BBLPLUEH € aHann3 Ha CXoAMMOCTTa M pobacTHOCTTa Ha HABUraLMOHEH Moaen,
6asupaH Bbpxy MeToga PPO (npokcumanHa onTuMusaums Ha NONUTUKUTE), BKMOYBALL,
KOnM4ecTBeHa oOueHka Ha BMWAHMETO Ha  KIYOBM  XWMepnapameTpu  Bbpxy
CTabunHocTTa 1 edekTMBHOCTTa Ha OGY4eHMeTO B YCMOBUS Ha CTOXACTUYHOCT W
CEH30pEH LLYM;

» NpearoxeHn ca uenecbLobpasHu Noaxoam OTHOCHO 0BYYEHUETO Ha ABTOHOMHM
MOBUNHM poBOTH, 8 UMEHHO:

e MoaudMUMpaH noaxop 3a edeKTUBHO M3MoN3BaHe Ha 6ydep Ha onuT, KolTo
onTMMU3Npa pasnpeneneHMeTo Ha obyunTenHuTe U3BagKM, YCKOpSBa CXOOMMOCTTA M
noBuLIaBa TOYHOCTTa Ha HayvyeHaTta nonuTuka;

® aAanTWBEH NOAXOA 3a AWHAMWYHO perynupaHe Ha CKOpPOCTTa Ha obydeHwue,
KOUTO Hamansea konebaHWsiTa B MOCTUraHeTO Ha MoAobpeHUs UM  NoBWLIABA
cTabunHocTTa Ha GasupaHusi Bbpxy PPO anropuTbM MpU CROXHW HaBUraLMOHHM
cueHapuu.

KbM npunoxHute npMHocu Moxe fa ce oTHecaT paspaboTeHuTe CUMyraLmMoHHa
CpeAa U CbOTBETHN eKCrepUMEHTanHN niartopmm 3a U3cneaBaHe M BanuampaHe Ha
NpeanoXeHnTe Noaxoamn 3a obydeHne u Hasurayums.

MpoBeaeHUTe TEOPETUYHM U eKCrepUMEHTaNHN U3cneaBaHus ca npakTnyecka
Haco4eHOCT, a NpecTaBeHUTe PeLLEeHns ca C AoKasaHa epeKTUBHOCT.

5. lMpeueHka Ha ny6nukauunTe No AUCePTaLMOHHUSA TPYA

Pesynratute ot aucepTaumoHHusi Tpya ca oTpasenm B 7 nyGnvkauum, npeacTaBeHu
Ha MeXAyHapoaHW KOHdepeHumn, 6 OT KouTo ca MHAeKcupaHu B Scopus. HayynuTe
TPYAOBE Ca KOMEKTUBHW, S5 OT TAX Ca B CbaBTOPCTBO C Hay4HUs PbKOBOAWUTEN.
MpeAcraBeHuTe Nybnmkaumm 4o6pe UMIOCTPUPAT OCHOBHUTE MPUHOCK Ha nposeaeHUTe
nacregBaHus.

KM AoKyMEHTUTe e NpunoxeHa cripaska 3a 4 UUTUPaHNA OT Yy)KOeCcTpaHHM aBTopm
Ha 3 oT nybnukaumnTe no aucepTauusita. ToBa MM JaBa OCHOBaHWe aa npvema, ve
pesynraTuTe ca oueHeHn obpe oT HayyHaTa oBLIHOCT B n3cneaBaHaTa obnacr.

6. MHeHus, npenopbku n 6enexku

AvcepTaunoHHMAT Tpya e paspaboTeH Ha BUCOKO HAayyHO HUBO. TOM e MorMyecky
CTpYKTypupaH, Aobpe GanaHcupaH n npeAcTaBeH BbB hOpMa, HaMbLIHO OTTOBaPSILLA Ha
U3MCKBaHMATa 3a obpasoBaTtenHata W HayyHa cTeneH ,aokTop. [ocTurHat ca
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SHAYNTENHU Hay4YHO-NPWUIOXHW pesynTaTti, a uscnegosatenckara Len u dopmynmpa-
HWUTe 3a4a4n ca yCneLlHO U3MbIHEHM.

bes na ce omanosaxasaT npuHocuTe U 06LWMTE AOCTOMHCTBA Ha AVcepTauMsTa,
MoraT fja ce HanpaBaT crneHUTe KOMeHTapu U NpenopbLKU:

1, No-obwonpueto e ,CbabpxaHWe“ fa npeallecTsa pasgenute ,BbeeaeHue”,
,/13non3saHun cukpaleHua“ n ,Peyrmk.

2. He ca aHanusupann mopenute “YOLO (You Only Look Once)’, kouto
Hanocneabk HamupaT LUMPOKO MNPWUIIOXKEeHMe MNpu aBTOHOMHWM MOGWUMHM poboTu 3a
pasnosHaBaHe Ha o6ekTM B peanHo BpemMe U wu3bsArsaHe Ha MPENsTCTBUS.
PasrnexaaHeTo Ha Toan cbBpeMeHeH noaxod 61 MOrfo Aa OCUrypu MHTEepecHa Hacoka
3a 6baelm nscnensaHus.

3. lNpenopbyBa ce no-HaTaTLIIHO MyGIVKyBaHe Ha NOMlyYeHUTe pe3ynTatv oT
uscnefBaHusATa B peHOMUPaHU MeXayHapoaHu cnncaHusi, KoeTto 61 JonpuHecsno 3a no-
LIMPOKO pasnpocTpaHeHWe W NpusHaHWe Ha Hay4dHWTe MOCTWXKEHWUSI Ha aBTopKaTa B
MexayHapoaHaTta uscnegosaTericka o6LLHOCT.

7. 3aknoyeHue

OueHkata MM Ha npeacTaBeHaTa AvcepTauMs € ONpefereHo MOMoXMTeNHa.
CboTBETHUTE M3NCKBAHWMA Ha 3aKoHa 3a pasBUTUETO Ha akageMWuYHUs CbCTaB B
Penybnvuka Bbnrapus, [MpaBurnHuka 3a HeroBoTo npunaraHe U MpaBunHuka 3a
ycnosudATa v pefa 3a npugobuBaHe Ha Hay4YHW cTeneHn B TEeXHUYECKUSI YHUBEPCUTET —
Codms ca cnaseHw.

Bb3 ocHoBa Ha HanpaBeHWst aHanM3 Ha AUCEPTALMOHHMSA TPYL U 3HAYMMOCTTa Ha
nony4yeHuTe pesynraTu, c4UTaM 3a OCHOBATENHO Aa NpeanoXxa Ha mar. MHX. AHactacus
BnapgumuposHa Crnasosa aa 6bae npucbaeHa obpasoBaTtenHata M HayyHa CTemneH
+IOKTOP” B HayyHa obnact 5. TexHnyecku Haykn, npodecoHanHo HanpasneHve 5.2.
EnektpoTexHuka, enekTpoHuka W aBTOMaTtvka, HayyHaTa crieumanHocT ,Cuctemu ¢
N3KYCTBEH MHTENEKT ",

Nata: 04.06.2026 r. UNEH HA XXYPUTO: A /7 /
(npocb. A-p mHx. Muxo Muxos)
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GAKYNTET ABTOMATUKA:

Boo, W0 13- 5/04, 062626

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.

In 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, | 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. It 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.

In 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 practical applicability. In 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

| accept the presented report on the contributions of the dissertation work, which
can be characterized as scientific-applied and applied.

In summary, the scientific-applied contributions are as follows:
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> models for autonomous navigation of mobile robots are developed,
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 policy,
demonstrating their key influence on movement safety, smoothness, and stability;

> 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 and
efficiency of learning under stochastic conditions and sensor noise:

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

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

9. 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 research. This 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. It 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 applied 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. It would be more conventional for the Table of Contents to precede the
Introduction, 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 results 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. Conclusion

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
procedure for acquiring scientific degrees at the Technical University of Sofia have been
complied with.

Based on the analysis of the dissertation and the significance of the results obtained,
| consider it justified to propose that MEng. Anastasiya Vladimirovna Slavova be awarded
the educational and scientific degree “Doctor” in scientific field 5. Technical Sciences,
professional field 5.2. Electrical Engineering, Electronics and Automatics, scientific

specialty “Artificial Intelligence Systems”. ) e

/ ﬂz
Date: June 04, 2026. JURY MEMBER: £ st

(Prof. Dr/Eng. Mikho Mikhov)
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