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A CTAHOBMWIWE

- BBPXY AMCEPTALMOHEH TPYA 3a NpuAo6uBaHe Ha 06pa30BaTENHA U HAY4YHA CTENEH ,, A0KTOpP
ABTOp Ha gucepTaumoHHua Tpya: mar. CtedpaH Anunues Llokos

Tema Ha gucepTtaumoHHma Tpya: ,,ONTUMUIUPAHE HA APXUTEKTYPU HA HEBPOHHU
MPEXW YPE3 EBO/TIOLUMOHHU AITOPUTMHU“

YneH Ha Hay4yHOTO Xypu: npod. A-p UHXK. [laHuena AceHosa lNouesa

MpeacTaBeHUAT AWCEPTALMOHEH Tpya € B npodecMoHanHo Hanpasnewve 5.3
KOMYHMKAUMOHHA M KOMMIOTbPHA TEXHWKa, AOKTOpCcKa nporpama ,CUCTEMM C M3KYCTBEH
UHTEeNeKT" n e pazpaboTeH Nog HayYHOTO PBLKOBOACTBO Ha Npod. A-p UHXK. MuneHa Kupunosa
Nazaposa—MwuueBa v gou. 4-p uHX. AgenuHa NhameHosa Anekcresa—lleTposa.

1. AkTyanHocT Ha paspaboTBaHuA B AUCepTaUMOHHMA Tpya npobnem B Hay4yHO M
Hay4YHO-NPUIOKHO OTHOLUEHHUE.

MNpeACTaBEHUAT AUCEPTALMOHEH TPYA € HACOYeH KbM ONTUMU3UPaHEe Ha NPOeKTUpaHe
Ha apXUTEKTYPU HAa HEBPOHHU MPEXWU W MNPUNOKEHUETO Ha EBONIOLMOHHW CTpaTerun W
FeHeTUYHWU anropuTMK 33 Pa3NUYHWU MPUNONKHM 3a4a4n. AKTYaNHOCTTa Ha U3CNeABaHeTo ce
obycnaBa OoT 6bp30TO pa3BUTME Ha AbLNAOOKOTO OBy4yeHuMe WM HyKpaTa OT aBTOMATU3MPAHM
CUCTEMM 33 OTKPUBAHE Ha ONTUMANHU APXUTEKTYPU, 0COBEHO NPU 334a4M C BUCOKA CNOMKHOCT U
ronemu obemu paHHW. M3NON3BaHETO Ha EBONKOLUMOHHWM ANrOPUTMM 33 aBTOMATUYHA
ONTUMMU3ALUMA Ha HEBPOHHU MPEXM AONPUHACA 33 YCKOpPABAHE Ha M3CNef0BaTeNCKUTE U
MHXXEHepHM NPOoLEecH U NO3BONABA NPUNAraHETO Ha AbNOOKM MOLENN B HOBM LOMEINHU, KbAeTo
pPbYHATa HACTPOMKA € NPAKTUYECKM HEBB3IMOXKHA.

MpobnemHaTta obnacT Ha AucepTaLMOHHUA Tpya 06xBalla M3cneaBaHeTo Ha MeToAM 3a
aBTOMATU3UPAHO MPOEKTUPaHe U ONTUMMU3ALUA Ha apXUTEKTYPU Ha HEBPOHHU MpPEXU 4ypes
€BONIIOUMOHHM CTPATErMM WM TeHETUYHU anropuTmu. OCHOBHMAT aKUEHT € MOCTaBeH BbpXy
pa3paboTBaHETO Ha METOAO/OrMA 33 ONTUMMW3AUMA Ha apXUTEKTYPW, KOWTO Morat Aa ce
npunaraT B pasNUyHU NPUNONKHU 33[34U — YNpaBAeHWEe Ha aBTOHOMHM areHTH, pa3no3HaBaHe
Ha YOBELIKM AEWHOCTU U NPOrHO3UPaHE Ha 3aMbpPCABAHE Ha Bb3ayxa.

B pamKuTe Ha AWCEPTALMOHHWA TPyA YCMEWHO Ca pasrnefaHu U agpecupaHu, ypes
Hay4YHO M3CneaBaHe U eKCNepUMMEHTa/IHa YacT, eAHa OCHOBHA UM YeTUPM YaCTUYHKM XMMOTe3N 3a
onpefensHe Ha ONTUMANHW APXWUTEKTYPM HA HEBPOHHM MPEXM, KOEeTo Moxe ga bvae
OCbLLECTBEHO C METaeBPUCTUYHM aNroOpuUTMM, B TOBa YMCIO EBONIOUMOHHWU CTpaTerum U
reHeTUYHU anropuTMm, KOMTO U3NON3BaT NOAXOAALLO NPEACTaBAHE U KOAWPAHE Ha pelleHnnaTa
¥ MOAMOULMPAHK ONEPaTOPK 3a KPBCTOCBAHE U MyTaums.

2. CreneH Ha NO3HaBaHe CbCTOAHMETO Ha Npobnema M TBOpYECKa MHTEpPnpeTauua Ha
NUTEepaTypHMA maTtepuan



Obwmatr obem Ha pucepTaumoHHMA Tpys e 218 crpanuum. Uutupanm ca 206
NUTepaTypHU U3TOYHWUKA OT nocnegHute 10 roauHu, nocoyeHu B bubnuorpadckara cnpaska.
MpeacraBeH e reHeTUYEeH anropMTbM 33 AM3aH Ha apxuTeKkTypu Ha HM, KoWTo u3nonsea
MOAMOULUMPAH ONEepaTop 3a KPbCTOCBAaHE 33 pPEWEeHUA C Bapupalla Ab/KUMHA M afanTUBHA
myTauua. Ha Ta3un 6asa ca npoeKTUpaHu MeTo/ 3a eBONIMPaHe Ha U3KYCTBEHA HEepPBHA cUCTeMa
32 aBTOHOMHM areHTU C UHAUPEKTHO KOAUPAHE U FTEHETUYEH aNrTOPUTBM U MEeTOZ, 33 AMU3aWH Ha
KOHBONIOUMOHHA HEBPOHHA MpeXa 3a pa3no3HaBaHe Ha YoBelKa AeWHOCT. KaTo npakTuyecko
npunoXxeHue e paspaboteH xMbpuaeH NpoCTpaHCTBEHO-TeMnopaneH Abnbok moaen 6asmpax
Ha KoHBONWUMOHHA HM u LSTM mperka 3a nporHosMpaHe Ha 3amMbpCABAHETO Ha Bb3gyxa C
asTomatuyeH nogbop Ha BXOAHW NMPOMEHNMBM U ONTMMU3AUMA HA XunepnapameTpute Ha
mopena v xubpuaHa crpaterMa 3a NONbABAHE Ha NMUNCBALLUTE CTOMHOCTM B M3MNON3BaHUTE
MHOXeCTBa AaHHM 33 0byyeHue Ha moaena. BCMYKO TOBa AOKA3Ba U3KNKOYUTENHATA aKTyaNHOCT
Ha TemaTta Ha AMCepTaLMOHHUA TPYA U HEMHATA peann3auua oT AOKTOpaHTa.

3. CvortBercTBMe Ha u3bpaHata MeTOAMKa Ha M3C/nefBaHe M NOCTaBeHaTa uen u
3a/la4yM Ha AUCEPTALMUOHHMUA TPYA.

Llenta Ha AMcepTauMOHHMA Tpya e pa3paboTBaHe Ha €BOMOUMOHHA CTpaTerus 3a
ONTUMU3UPAHE Ha apXUTEKTypu Ha HM C reHeTUYHM anroputmu, Koato aa 6bae npunoxeHa u
AONBAHUTENHO MoaudUUMpPaHa M BanuMAupaHa 3a pelaBaHe Ha KOHKPETHU NPUNOMKHU
npobnemu: ynpasneHue Ha aBTOHOMHM areHTW; pas3nO3HaBaHE Ha YOBEWKWU [eNUHOCTH;
NPOrHO3WpaHe Ha 3ambpcABaHe Ha Bb3Ayxa. OCHOBHMTE 3ajayv M u3bpaHaTa mMeToAMKa Ha
u3cneaBaHe CbOTBETCTBAT HAaMbAHO Ha MOCTaBeHaTa uen. Kato AOMbAHUTENHO [,0Ka3aTeNncTso
MOXEe A3 Ce MOCOYaT MHOXECTBOTO CPaBHUTENHM Tabauuu M BB3MOXKHOCTTa 332 NpoBepKa Ha
paboTtocnocobHOCTTa HAa METOAMKATA B NPAKTUKATA.

MpeanoxeHUTe anropuTMKM 3a ONTUMM3ALMA Ha apxuTekTypaTta Ha HM npeacrtasnsasat
Hay4yHa HOBOCT C NPUNOXKEHWUE B NPaKTUKaTa.

4. HayuyHu u/vMnn Hay4YHO-NPUNOMKHMU NPUHOCK Ha AUCEPTALUOHHUA TPYA

B pamkuTe Ha AMCEepTaUMOHHU Tpya ca GOPMY/NMPaHM YETUPU MPUHOCA C HayyeH
XapaKkTep, YeTMpU NPUHOCA C HAYYHO-NPWUNOMKEH XapakTep M TPUM MNPUHOCA C MPUNONKEH
Xapakrep.

Hay4yHu npuHocu:

1. MNpepnoxkeH e metoa 3a ONTUMM3AUMA HA apxuTeKTypata Ha HM c u3non3saHe Ha
reHeTUYEH aNropuUTbM 33 €BOMOUUA U YCNOXKHABAHE HA peleHUATa OT NOo-NpocCTy
KbM NO-CNOXHU, KOWTO M3non3ea moguduuuMpaH onepaTop 3a KpbCTocBaHe 3a
peleHMa ¢ BapupawLm AbMKUHA U aAanTUBHA MYTaLMA C TPU CTPaTernmn 3a NPOMeEHHM
B apxuTekTypute Ha HM;

2. MNpepnoxeH e meTop 3a eBonomMpaHe Ha HM 3a ynpaBneHue Ha aBTOHOMHM areHTy,
KOMTO wu3non3sa OMONOTMYHO BABXHOBEHA MWHAWMPEKTHA CXemMa Ha Koaupade,
OCUrypABaLla Bb3MOXHOCT 3a pa3suTue Ha HM c oTyMTaHe Ha B3aUMOAEWCTBUATA
CbC Cpepara C uen agantTupaHe Ha areHTa KbM cneunduyHa cpeaa;



3. lpepnoxeH e meToa 33 aABTOMATMYHA ONTUMM3AUMA Ha apXUTEKTypaTa Ha
KOHBOAOUMOHHKM HM 32 pa3no3HaBaHe Ha YOBEeLKM AEWHOCTU Ype3 eBONKLUMOHEH
NPoLeC, KOMTO YCNOMXHABA MPOCTU apXUMTEKTypu c aobaBAHe Ha HOBWM cnoese C
M3MNoN3BaHe Ha MOAUMPULMPAHO KPBCTOCBAHE 3@ PELIEHWUA C Pa3/INdHA Ab/KUHA U
afanTMBHA MyTauMa C TPU PaBHOBEPOATHU CTpaTeruu 3a moguduumpaHe Ha CNoW,
AobaBAHE Ha COW M NpemaxBaHe Ha C/I0W OT apxuTeKTypaTta Ha HM;

4. MMpepnoxeH e Nogxopn 3a BKNKOYBAHE Ha €BOMOMPAHM apXUTEKTypu 3a xmbpuaeH
AbN6OK NPOCTPAHCTBEHO-TEMNOPANEH MOAEN 33 NPOTHO3UPAHE Ha 3aMbpPCABAHETO
Ha Bb3AyXa B Pa3M4HU aHCaMbNuU, CbCTOALLUM Ce OT MOAENU C €AHAKBU aPXUTEKTYPU
M MOAENU C PasNUYHM apXUTEKTYPHU.

Hay4Ho-npunoxHu npuHocu:

1. MNpepnoxeH e xmbpuaeH AbnbOK NpOCTpaHCTBEHO-TeMNopaneH mogen basupaH Ha
KoHBOMWUMOHHa HM u LSTM mpea 3a nporHo3upaHe Ha 3amMbpCABaHETO Ha
Bb3yxa C aBTOMaTuyeH noabop Ha BXOAHW NPOMEHNMBM M ONTUMM3AUMA Ha
XunepnapameTpuTe Ha MOAeNa;

2. MpeanoxeHa e xubpuaHa cTpaTerMa 3a 3anb/iBaHe Ha NMNCBALLM CTOMHOCTU BbB
BPEMEBU peaoBe, KOATO € NpunoKeHa 3a obyyeHue Ha xubpugHua AbvnboK
NPOCTPaHCTBEHO-TEMMOpaned MoAen 3a MnporHo3MpaHe Ha 3aMbpcABaHe Ha
Bb34YXa;

3. lNpepnoxeHa e cTpaTerns 3a noabop Ha BXOAHW NPOMEHNUBU NPU NPOrHO3UpPaHe Ha
3aMBPCABAHETO Ha BB3AYX C xubpuaeH AbLNOOK NpOCTpPaHCTBEHO-TEeMNopaneH
mogen;

4. lMpepnoxkeHa e cTpaTerMa 3a BKAKYBAHE Ha NPOCTPAHCTBEHa WMHbOpPMaUMA Npu
NPOrHO3MpaHe Ha 3aMbPCABAHETO Ha Bb3AYX C XMbpuaeH Abn6OK NPOCTPaHCTBEHO-
TemnopaneH moaen.

MpunoxcHu npuHocu:

1. Pa3paboteH e npoTOTUN 3a EKCNEPUMEHTANHO OLEHABAHE Ha NpeaoKeHaTa
6MONOrMYHO BABXHOBEHA MHAMPEKTHA CXeMa Ha KoaupaHe 3a esontoupaHe Ha HM
3a ynpaB/iieHMe Ha aBTOHOMHM areHTW BbpXy CUMyNaumMa Ha U3KYCTBEH CBAT, KOWTO
NOKa3Ba, 4e C M3NON3BaHE HAa NPOCTa UMNAUMUMTHA PUTHEC DYHKUMA yCnewHo ce
€BOJIOMPAT areHTU cnocobHu Aa pasrpaHuMy4aBaT pasnuyHU obeKkTU u ce reHepupar
pa3HoObpa3HU U KOMNNEKCHU apXUTEKTYPU C ManbK Bpoit napameTpu cnpamo Apyru
Bb3MOXHM MOAXOAM 33 €BONOMPAHE Ha HepBHa CUCTEMAa 33 ynpasieHue Ha
aBTOHOMHM areHTw;

2. Pa3paboTeH e npoTOTMN 3a EKCNEePUMEHTANHO OUEHABAHE Ha EeBONOUMOHHO
6asumpaHua an3aiiH Ha KOHBONOUMOHHM HM 33 pa3no3HaBaHe Ha YOBELWKa AeiHOCT,
KOMTO NOKa3Ba 3HAYMTENHO No-A0bpu pe3yntatm B CpaBHEHWE C ApYru AbNOOKM
APXUTEKTYPH;

3. PaspaboreH e nNpoTOTMN 3a EKCNEPUMEHTANHO OLEHABAHE Ha NpeaoKeHus
xubpuaeH AbNOOK NPOCTPaHCTBEHO-TEMNOpPaneH MoAen 3a MNPOrHo3upaHe Ha
3aMbpCABAHETO Ha Bb3AyXa, KOMTO MNOKasga, 4e JOpPUM WM NpPU  OrpaHUueHu



U34YUCNUTENHU pecypcu eBONIOMPaHUTE apXUTEKTypu BOAAT OO0 NOAyvaBaHe Ha
£06pyK 1 NOCTOAHHM pe3ynTaTu.

Mpuemam 6e3 3abenexku dopmynupaHuTe OT aBTOpa NpuHOcU. Te ca BescnopHo
[L0Ka3aTeNCTBO 33 NONYYEHUTE Pe3ynTaTh, KAKTO U 3@ HayyHaTa U NPaKTUYECKa HOBOCT.

5. My6aukauuu no gUCEpPTaLUOHHUA TPYA

B nepuoga 2019-2022 asTopa e nyb6auMKyBan 8 Hay4yHU CTaTUM C aHANU3U U Pe3ynTaTu
NONYYEHU B PaMKWUTE Ha AUCEepPTaUuMOHHOTO u3cneasaHe. leT OT cTaTuMTe ca AOKNA[BAHU Ha
MeXAyHapoAHW HayyHW KOHbepeHuMWU, OCTaHaNWUTe ca B HayyHu cnucaHua. HanpaseHuTe
nybAvKauMmM NOKPMBAT TEMATUKATa Ha AUCEPTaUMOHHU TPYA WM OTPa3ABaT OCHOBHWU aHaNU3U U
pe3yntatM oT cbwmA. EaHa oT ctatuMTe e camocToATeNHa, OCTaHa/nuTe ca B CbaBTOPCTBO C
Hay4YHWUTE pBKOBOAUTENU. YeTUPYM OT HayuHUTe NyBAnKauMmM ca MHAEKCUpPaHKU B Scopus, a ABe OT
TAX Ca MHAEKcupaHu B WoS. YeTupu oT nybaunkaymmte MmaT 79 UMTUPAHUA, BCUYKKU OT KOUTO OT
YyXAECTPaHHM aBTOPM KaTo eaHa oT TAX uma 60 uuTupaHua. He Ha nocneaHo MACTO
OOKTOPAHTLT UMa Xupw nHAEKC 6 no Scopus.

3anBeHUTEe NPUHOCKU Ca AOKasaHM No bnecTaw, HayuvH B npeacTaseHuTe nybaukauuum,
KOETO e M aTecTaT 3a IMYHOTO Y4acTUe Ha AOKTOPaHTa B AUCEpPTaLMUOHHUA Tpya. BpoaT, obembT
M Ka4yecTBOTO Ha Hay4yHUTe NybAMKauMuM HaNbAHO YAOBNETBOPABAT U3UCKBAHUATA Ha 3PACPB 3a
npucbxpaHe Ha OHC , aokTop”.

BbB Bpb3Ka C NpoOBeAEHWUTE HAy4YHW W3CNEABAHUA MO AUCEePTaUUOHHMA Tpya,
[OKTOPaHTa y4acTBa B TPU HAy4yHO-U3CNEA0BATE/NICKM NPOEKTa, OT KOUTO eanH no OnepaTusHa
nporpama ,Hayka v o06pa3oBaHMe 3a WMHTeNUreHTeH pactex” u gpyr $uUHaAHCUpaH no
HauuoHaneH nnaH 3a Bb3CTaHOBABAHE U YCTOMYMBOCT.

6. MHeHuA, npenopbku U 6enexkm .

AvcepTaumoHHua Tpya e opopMeH Ha BMCOKO NpodecroHaNHO HWUBO, M3BBPLUEHM Ca
3aa4bNbOYEHM aHANU3KM WM CBMAETENCTBA 33 OT/IMYHO NO3HABaHE Ha MaTepuATa M NpeameTHaTa
obnact. AHanu3upaH e akTyaneH npobnem npeg WUT wuHAaycTpuata. C BMCOKO HWUBO Ha
3aAbN00YEHOCT Ca  WM3BLPLWEHW HAYYHWUTE W3CNEABaHWA W EKCMEPUMEHTH, KaTo ca
NpeAoCTaBEHN AAHHU 33 NPAKTUYECKOTO UM NPUNOXKEHME.,

Hamam 3abenexkn Kbm AUCepPTaLUOHHUA TPYA,

7. 3aKknyeHUe C ACHA NONOKUTENHA UK OoTpULUaTenHa OUueHKa Ha AUCepTauMOHHUA
TPYA.

[OUcepTaumMoHHMAT TpyA OTroBapA Ha WM3UCKBAHUMATA HA 3aKoHa 3a pa3BuUTME Ha
aKafleMU4HMA cbCTaB Ha Penybnuka Bubarapua, lNpaBMAHWKA 33 NpuiaraHe Ha 3aKoHa M
CbOTBETHMUA MNPaABUAHUK Ha TexHuyecku YHusepcuter — Codwma. [poseaseHUTe HayyHM
u3cneaBaHUA ca B aKTyanHa obnact v Tpetupat npobnemaTtvka, KOATO e O6eKT Ha 3acuneH



M3CNeaoBaTeNcku uHTepec. MonyyeHuTe pesynTaTv CbAbPKAT HAYYHU, HAYYHO-NPUIOKHU W
NPUNOXKHW NPUHOCK, KOUTO Ca Pa3NpPOCTPAHEHU U HAaNPaBEHW AOCTOAHME HA 3aMHTepecoBaHaTa
Hay4yHa 0BWHOCT Ype3 Nny6AMKYBaHETO UM B HAay4YHU CTaTUU B CMTUCAHUA U NPEACTABAHETO UM Ha
cneunanu3npaHm Hay4yHu KoHdepeHuuu.

[laBam MNONOMUTENHO MHEeHue 3a npeacTaBeHUA AUCepTaUMOHEeH Tpya M
npenopbvyBam Ha KategpeHua cbBeT Ha Kategpa ,KomniotbpHu cuctemu” npu TexHUYecKu
YHusepcuter — Codpua ga craptupa npoueaypa 3a npucbkgaHe Ha obpasoBaTenHa U Hay4yHa
creneH ,AOKTOp“ Ha mar. CredpaH Anunues LloKos.

23.01.2026 YNEH HA YPUTO:

lp. Copun (npod. o-p uHx. Aanuena MNouesa)



STATEMENT

on a dissertation thesis for awarding the educational and scientific degree
“Doctor (PhD)”
Author of the dissertation: MSc Stefan Alipiev Tsokov

Dissertation topic: “OPTIMIZATION OF NEURAL NETWORK ARCHITECTURES THROUGH
EVOLUTIONARY ALGORITHMS”

Member of the Scientific Jury: Prof. PhD. Eng. Daniela Asenova Gotseva

The presented dissertation thesis belongs to the professional field 5.3 Communication and
Computer Engineering, doctoral program “Artificial Intelligence Systems”, and has been
developed under the scientific supervision of Prof. Dr. Eng. Milena Kirilova Lazarova—Mitseva
and Assoc. Prof. Dr. Eng. Adelina Plamenova Alexieva—Petrova.

1. Relevance of the problem in scientific and scientific-applied terms

The presented dissertation focuses on optimizing the design of neural network architectures
and on the application of evolutionary strategies and genetic algorithms to various applied
tasks. The relevance of the research is determined by the rapid development of deep learning
and the need for automated systems for discovering optimal architectures, particularly for
problems characterized by high complexity and large data volumes.

The use of evolutionary algorithms for the automatic optimization of neural networks
contributes to accelerating research and engineering processes and enables the application of
deep learning models in new domains where manual tuning is practically infeasible.

The problem domain of the dissertation encompasses the study of methods for automated
design and optimization of neural network architectures using evolutionary strategies and
genetic algorithms. The main emphasis is placed on the development of a methodology for
architecture optimization applicable to various practical tasks, such as control of autonomous
agents, human activity recognition, and air pollution forecasting.

Within the framework of the dissertation, through scientific research and experimental work,
one main and four partial hypotheses for determining optimal neural network architectures
have been successfully examined and addressed. This is achieved through the use of



metaheuristic algorithms, including evolutionary strategies and genetic algorithms, which

employ appropriate representation and encoding of solutions and modified crossover and
mutation operators.

2. Degree of familiarity with the state of the problem and creative interpretation of the
literature

The total volume of the dissertation is 218 pages. A total of 206 literature sources from the last
ten years are cited in the bibliography.

A genetic algorithm for neural network architecture design is presented, employing a modified
crossover operator for variable-length solutions and adaptive mutation. On this basis, a method
for evolving an artificial nervous system for autonomous agents using indirect encoding and a
genetic algorithm has been designed, as well as a method for the design of a convolutional
neural network for human activity recognition.

As a practical application, a hybrid spatio-temporal deep model based on a convolutional neural
network and an LSTM network has been developed for air pollution forecasting, including
automatic selection of input variables, optimization of model hyperparameters, and a hybrid
strategy for imputing missing values in the datasets used for model training.

All of the above demonstrates the exceptional relevance of the dissertation topic and its
successful implementation by the doctoral candidate.

3. Correspondence between the chosen research methodology and the objectives and
tasks of the dissertation

The objective of the dissertation is the development of an evolutionary strategy for optimizing
neural network architectures using genetic algorithms, which is further applied, modified, and
validated for solving specific applied problems: control of autonomous agents, human activity
recognition, and air pollution forecasting.

The main tasks and the chosen research methodology fully correspond to the stated objective.
Additional evidence of this correspondence is provided by the numerous comparative tables
and the possibility of verifying the practical applicability of the methodology.



The proposed algorithms for neural network architecture optimization represent scientific
novelty with practical applicability.

4. Scientific and scientific-applied contributions of the dissertation

Within the dissertation, four scientific contributions, four scientific-applied contributions, and
three applied contributions are formulated.

Scientific contributions:

1. A method for neural network architecture optimization using a genetic algorithm
for evolutionary development from simpler to more complex solutions is proposed. It employs
a modified crossover operator for variable-length solutions and adaptive mutation with three
strategies for modifying neural network architectures.

2 A method for evolving neural networks for autonomous agent control is
proposed, using a biologically inspired indirect encoding scheme that enables the development
of neural networks while accounting for interactions with the environment in order to adapt
the agent to a specific environment.

3 A method for automatic optimization of convolutional neural network
architectures for human activity recognition through an evolutionary process is proposed. This
process increases architectural complexity by adding new layers and employs modified
crossover for variable-length solutions and adaptive mutation with three equiprobable
strategies: layer modification, layer addition, and layer removal.

4, An approach is proposed for incorporating evolved architectures into a hybrid
deep spatio-temporal model for air pollution forecasting using different ensembles composed
of models with identical architectures and models with heterogeneous architectures.

Scientific-applied contributions:

al? A hybrid deep spatio-temporal model based on a convolutional neural network
and an LSTM network is proposed for air pollution forecasting, with automatic selection of
input variables and optimization of model hyperparameters.

2. A hybrid strategy for filling missing values in time series data is proposed and
applied for training the hybrid deep spatio-temporal model for air pollution forecasting.

3 A strategy for selecting input variables in air pollution forecasting using the
hybrid deep spatio-temporal model is proposed.

4. A strategy for incorporating spatial information in air pollution forecasting using
the hybrid deep spatio-temporal model is proposed.

Applied contributions:

1. A prototype for experimental evaluation of the proposed biologically inspired
indirect encoding scheme for evolving neural networks for autonomous agent control has been



developed in a simulated artificial environment. The results demonstrate that, using a simple
implicit fitness function, agents capable of distinguishing different objects are successfully
evolved, and diverse and complex architectures with a small number of parameters are
generated compared to other approaches.

2. A prototype for experimental evaluation of the evolutionary-based design of
convolutional neural networks for human activity recognition has been developed,
demonstrating significantly better results compared to other deep architectures.

3. A prototype for experimental evaluation of the proposed hybrid deep spatio-
temporal model for air pollution forecasting has been developed, showing that even under
limited computational resources, evolved architectures achieve good and stable results.

| accept without remarks the contributions formulated by the author. They constitute
indisputable evidence of the achieved results as well as of the scientific and practical novelty of
the dissertation.

5. Publications related to the dissertation

During the period 2019-2022, the author published eight scientific articles presenting analyses
and results obtained within the framework of the dissertation research. Five of these articles
were presented at international scientific conferences, while the remaining were published in
scientific journals.

The publications fully correspond to the topic of the dissertation and reflect its main analyses
and results. One of the articles is single-authored, while the others are co-authored with the
scientific supervisors. Four publications are indexed in Scopus and two in Web of Science
(WoS).

Four of the publications have received a total of 79 citations, all from foreign authors, with one
of them receiving 60 citations. Furthermore, the doctoral candidate has an h-index of 6
according to Scopus.

The stated contributions are convincingly demonstrated in the presented publications, which
attests to the doctoral candidate’s personal involvement in the dissertation research. The
number, scope, and quality of the scientific publications fully meet the requirements of the Act
for the Development of the Academic Staff of the Republic of Bulgaria for awarding the
educational and scientific degree “Doctor (PhD)".



In connection with the conducted scientific research for the dissertation, the doctoral candidate
participated in three research projects, including one funded under the Operational Programme
“Science and Education for Smart Growth” and another financed under the National Recovery
and Resilience Plan.

6. Opinions, recommendations, and remarks

The dissertation is prepared at a high professional level. In-depth analyses have been
conducted, demonstrating excellent knowledge of the subject matter and research field. A
current and relevant problem for the IT industry has been analyzed. The scientific research and
experiments were carried out with a high degree of thoroughness, and data for their practical
application are provided.

| have no remarks regarding the dissertation.

7. Conclusion with a clear positive evaluation

The dissertation complies with the requirements of the Act for the Development of the
Academic Staff of the Republic of Bulgaria, the Regulations for its implementation, and the
relevant regulations of the Technical University of Sofia. The conducted scientific research is in
a topical field and addresses issues of strong research interest.

The obtained results contain scientific, scientific-applied, and applied contributions that have
been disseminated and made available to the interested scientific community through
publications in scientific journals and presentations at specialized scientific conferences.

| give a positive opinion on the presented dissertation and recommend that the Department
Council of the “Computer Systems” Department at the Technical University of Sofia initiate a
procedure for awarding the educational and scientific degree “Doctor (PhD)” to MSc Stefan
Alipiev Tsokov.

23.01.2026 MEMBER OF THE SCIENTIFIC JURY:

Sofia (Prof. PhD Eng. Daniela Gotseva)



