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cTAHOBhule
Blpxy At4cepraqhoHeH rpyA sa npn4o6uBaHe Ha o6pasoeare nHa n HayqHa creneH ,,goKTop,,

Aerop Ha El{cepraqhoHHllg TpyE: Mar. r4Hx. Asacracns BnapravrrapoeHa CnasoeaTeua xa Ahcepraq[oHHt4n rpyA: cucrerran c 4rn6oxo o6yvenre nph aBToHoMHrreuo6rrsr po6orra
Hnex ua HayqHoro xypr4: npoe. A-p l4Hx. Anexcan4p a viaaHoear-puuvapoea

1. Arryannocr Ha paspa6orea*ufl B AhcepraqhoHHr,r, rpyg npo6reM B HayqHo 14HayqHon phfl oxHo oTHOUreHre.
klseecrHo e, qe aBToHoMHhre uo6unur po6ona (AMP) ce h3nolr3Bar Bce no-rur4poKo BuH4ycrpt4frra, notvcrvtKata, o6cnlDxBaqilTe getZuocrr r pa6orara B pHcKoBl4 cpe4ra. Bcbll{oro BpeMe t4Ma noBil[rJeHh h314CKBaHr49 KbM MeroAhre 3a rrrxHoro ynpaBneHile Lt

HaBman4un. B rosu KOHTeKGT, Al4ceprallhoHHrnr rpyA e nocBereH Ha peuaBaHero HaaKryanHfiff 14 cfloxeH npo6neu sa paepa6orBaHero ua no-eSeKThBHa 14 rHreflilreHTHa
crcreMa 3a aBToHoMHa HaBhraqn+ Ha AMP 6es npelqBap[TenHo nnaHilpaHe Ha nurg H 6eg
3aBucl4Mocr or GPS raH$pacrpyKrypa. Taxaea cilcreMa 6n noseontana h3nofl3BaHero HaAMP a EnHaMWtHt/t 14 qacrht{Ho Ha6npEaeu u cpeun qpe3 roqHo pa3no3HaBaHe Ha o6exrnreu AnHaMnv'Ho ils6sraaHe Ha npenflTcrBt4nra. fipyra aKTyanHa 3aAal{a, nocraBeHa B
Arcepraqhera, e paspa60reauero Ha pecypcHo eQexrnaHu peuleHils, 1aenpauu Ha
orpaHhqeH na6op or ceH3opt4, c Llefl HaManHBaHe Ha xapgyepHara crroxHocr n pa3xorqhre
3a BHeEp9BaHe Ha npeEnoxeHaTa ilHTeflilreHTHa CilcTeMa.

2. Crenen Ha no3HaBaHe cr,crorHlero xa npo6neMa yt rBoprtecKa ,rHTepnperaqm,
Ha nlrTeparypHr4e MaTepnan.

lrcepraqroHHl4FT TpyA e e o6eNa or 151 crpaltutl, Karo BKflloqBa yBolq, 4 rnaeu eapeuaBaHe ua SoptuynupaHVTe ocHoBHtt ga1alu, cnrcbK Ha ocHoBHl4Te npilHocl4, cnilcbK Hany6nnt<a4nwe no At.tcepraqilflTa, cnrcbK Ha qtTupaHnera Ha ny6nnxa4uu no
Anceprar-lr4era, r3nofl3BaHa nureparypa, h npilfloxeHne. 6u6nnorpasn*a Ha
flnceprallnoHHl,lfl TpyA BKJIPqBa 105 sarnaenA, Konro oExsau.lar pa6orr B nepilo,qa or 19g9r' no 2025 r' Toea noKa3Ba orflt4qHa ran$oprvtapaHocr KaKro B lxr4poKara o6nacr uanp[noxeHile ua 4tn6oKoro Mauhuuo o6yvenue npv AMP, rara h B no-r,cHara o6nacr ua
Hag[faqviflTa ua AMP qpe3 h3nonsBaHe Ha norqxo4a sa 4u6oxo ooyveHne c noAcuflBaHe.
Bcrqxn u3Tot{Hl4l4h e 6nlnuorpa$nvuara cnpaBKa ca Ha aHffrilficxil es[x, xaro 25 or r,x ca
uHrepHer aApecil. flo-ronRuara qacr or qrlTilpaH ara nnreparypa (npra6nrsrrenno g0%)
o6xsaqa nepHoAa or 2017r. Ao 2o2sr. klsvepnareflHara nhreparypHa cnpaBKa,
npeAcraBeHa no aHa-nhrhqeH HaqilH B nbpBa rflaBa B EhcepraL{roHHLrH rpyfl, enpeAnocraBxa sa HefiHoro rBopqecKo l4gnon3BaHe 3a nocrrraHe Ha qenra Ha rqhcepra qu1Ta
- paspa6orBaHero Ha cl,lcreMa 3a ynpaBneHre Ha AMP e ycnoBnl Ha HeonpeAefleHocr,
6asupana xa gu6oxo o6yvenne c noAcilflBaHe, Kosro rapaHrupa 6egonacna pa6ora unpilTexaBa roflHMa o6o6u-{aeaqa cnocobuocr nph ilsnofl3BaHe Ha orpaH[qeH na6op
ceH3OpH14 AaHHr.

3' cuoreercrBue xa ns6panara MeroAuxa Ha u3crregBaHe u nocraBeHara qen ,n3agaqh Ha f,1,lcepTalJ,uoHHu9. Tpyg c nocT[rHaTr4Te npuHOCl4.
l-{enra h 3aAaqilre Ha ,qrcepraqnoHHue rpyA ca flcHo vt roqHo $oprvrynrapa an. SarffxHoro

usnbnHeHhe e HanpaBeH no4po6eH aHanhs Ha cbqecrByBaqnre Mo4enr sa HaBrraL{uA HaAMP vpes noExoAa sa o6yreure c noAcr.nBaHe. Ha rasn ocHoBa e paspa6oreH r
eKcnepilMeHrarHo eeprQrqurpaH ophrhHaaeH Mo.qen 3a HaBilraqnfl Ha uo6nner po6or 6esr3nofl3BaHe Ha npeABaphrenHo nnaHilpaHe Ha rpaeKTO pnflTa ra GPS no3Llql4oHilpaHe.
vls6pauara MeroEhKa Ha MalunHHoro o6yvexre'(o6yveHrae c no4cuneaue) HanbrHo



cborBercrBa Ha nocraBeHara llen il SopnrynrapaHilTe 3a4aqn. [lonyveHhre pe3ynraru
y6egrarenHo noKa3Bar, qe Llenra Ha A[cepra qulrae nocrurHara.

4' Hayvnr ulunn HayqHonpilnoxHr4 nphHocr' Ha A,cepraquoHHr,rf, Tpy*.
flncepraqraoHHt4ffT TpyE cbAbpxa cbulecrBeHr4 HayqHo-npnnoxHl4 n npilfloxHr4 npilHocl4.Hayvno-np[noxHl4Te nprHocl4 ca pe3ynrar or r43cne4BaHrflTa B crre,Hrre ocHoBHH

nocoKl4:
o PagpaooreH e op[r[HafleH MoAe.n 3a aBToHoMHa HaBhraq aul Ha nao6rneH po6or 6esil3nonsBaHe Ha npeABapl4TenHo l43rpaAeHh Kaprrt ra GPS no3ilt-l]4oH]4paxe, 6asupaH HanoKaflHo Bt3npneMaHe Ha cperqara vpes 4un6oxo o6yueHne c no,qcnnBaHe, KoilTo

no3Bo'ngBa $optunpaHe ua ycrotiurBa HaBrrallfioHHa nonnrnqa B ArHaMrqHa il qacrh..rHo
Ha6nrcgaeua cpe,qa.

' vlaterpnpaun ca apxhreKrypHt4 u antopurMr4qHr no4o6peurn e o6yueHrero c
noAcrnBaHe (naogra$raqnpaHa HeBpoHHa apxfireKryp a, a1anrnBHa cKopocr ua o6yveure
u onruun3npaHo l43non3BaHe Ha 6y$ep sa onnr). Toea eogn,qo crarncrrqecxr sHaqhMo
nogo6peHne Ha cxo.qilMocrra, cra6rnuocrra r HaBurallroHHara eSexrneuocr Ha
KoneceH aBToHoMeH nao6nneu po6or cnpsMo 6asosara peanh3aqils Ha arlrop[TbMa.

llpmnoxurre npxHoo4 ca cBbp3aHh ocHoBHo c:
' Paspa6orBaHe Ha [HTerpupaHa cilMyrlaqhoHHa cpeAa (Flatland/Gazebo) 3a u3cne.qBaHe

Ha HaBilraqilHTa qpe3 o6yveune c noEctanBaHe nocpe4crBoM pear]mcrmqeH Mo4er Ha
ruo6rnua nnar$oprr,ta

o ErcnepurueHTanHo oqeHffBaHe Ha npilnoxrMocrra Ha npegnoxeHilTe Moffenh B peaflHa
cpeAa c yqacrl4e Ha aBToHoMeH uo6rneH po6or. Ct,tcreN,taril,{eH a1anns Haycrofivusocrra Ha MoAenhre nph npeHoc or cr4MyflaLllln B peanHa Srarvecxa cpe4a.
5. flpeqexra na ny6nrKaq[r,tre no AucepraqtaoHHufl Tpyg.

oc,osxrre nocrmxeHilfl i4 p€ynrarn or E,,ceprallnoHHr4s rpyA ca ny6nrxyeaH n e 7
HayqHH crarnu, or Kol4ro 6 ca e n3P.aHuf,, Kot4To ca peQepra paHn A ilHAeKcrpaHr e Scopus.Or rsx 5 ca pe$epvpaHn cbulo ra e IEEE Xplore.'ny6nraxar-lt4.4Te B Koflr4r{ecrBeHo u
KaqecrBeHo oTHoLreHre Ha,qxBbpI'lFT l43l4cKBaHVAra 3a nprcb4aHe Ha o6pasoBaTe.nHaTa u
HayqHa creneH ,,EoKTop" ua 3axona 3a pa3B[Tt4e Ha aKa4eMhqHhg cbcraB e peny6nrra
Surapun (3PACPE) r llpaernHl,lKa aa ycnoBufrra il pega sa npr4ooilBaHe Ha Hay11Hu
creneHl4 a TY-CoSran. Tpr or ny6nuraqrure ca rlhrilpaHu or Epyru aBropr4. Hanara ce
143BOAbr, qe nonyqeHilre pesynrarv ca craHafl[ flocrbnHr 3a HayqHara o6quocr.

6. MneuuR, npenopErt4 m 6enexrn.
Hgn,tan,t cepilo3Ht4 Kpt4Tt4qHh 6enexrm.

7.3arntoqexue.
Bts ocHoea Ha aHaJIh3a Ha npeAcraBeHAA Evtcepraq,,oHeH TpyE 14 3HaqilMocrra HacbAbpxaqnre ce B Hero opnrilHanHn HayqHo-nprnoxHr4 il npilnoxHn npnHocn, cqnraM, qe

rotZ xanunpo orroBapF Ha u3t4cKBaHtnra Ha 3PACPE. Cnageun ca BctaqKla n3ucReaHVA sanptrcbx(qaHe Ha o6pasoBarerHara n HayqHa creneH ,,goKrop" Ha [1paaun"r*u iu y", oB11nrail peAa sa npn4o6t'tBaHe Ha HayqHh creneHil a TY-CoQraR. Bcuqro roBa Mr AaBa nBrHoocHoBaHre ga AaM Br4COKa noroxhrerHa oqeHKa Ha gucepraluoHHl4' TpyA xy6e4eno Aa npenoptqaM Ha yBEil(aeuoro HayvHo xypx Aa np[crAr4 Ha Mar. rHx.AxacracnR Bnatrmunpoexa Gnasoea o6paao"ir"rr"rl'14 HayqHa creneH ,,4oKTop,, BnpoSecnoHarHoro HanpaBJIeHue 5.2. EnexrporexHr4Ka, erreKTpoHr4Ka 1a aBToMaruKano HayqHara cneqxanHocr,,CrcreMta c u3xycrBeH rHTereKT,,.

Eara:
26.05.2026 r.
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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 lvanova 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. ln 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 pianning and does notlepend on GpS
infrastructure. Such a system would enable the use of RuR" 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 materiat.

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 ofpublications on the dissertation topic, a list of citations of the publications, a bibliography,
and an appendix. The dissertation bibliography includes 105 tifles which comprise works in
the period from 1999 to 2025. This demonstrates an excellent knowledge botir in the broad
field of deep machine learning applications for At\IRs and in the more s[ecific 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 2O1l to 2025. fnl 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 po.""rr", a high
generalization ability when using a limited set of sensor data.

3. Gonsistency 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 uiing the reinforcement learning
approach has been conducted. On this basis, an originat 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. Thescientific'applied contributions result from the research in the following main

directions:

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

' Architecturaland 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 iignificant 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 (Flafland/Gazebo) for studying the

navigation through reinforcement learning using a realisiic model of a mo'bile 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 atso referred in
IEEE Xplore' ln terms of both quantity and quality, the publications exceed the requirements
for awarding the educational and academic degree "Doctor" of the Act for the devetopment of
the academic staff in the Republic of Bulgaria and the Regutations for the conditions and the
order for awarding scientific degrees in the Technical-lJniversity 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. Gomments, 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 contribttions, I 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 Regutations for'the conditions
and the order for awarding scientific degrees in the Technicat Aniversity of Sofia. On the
basis of all this, I give a high positive evaluation of the dissertation and I am
convinced in recommending to the honorable Scientific Jury to award the educational
and scientific degree ,,Doctor" to MSc. Eng. Anastasiya Vladimirovna Slavova in theprofessionalfield 5.2. Electrical engineering, etectronics and automatics, the scientific
specialty,,Systems with artificiat intelligence,,.
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