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xy AxcepraqroHeH rpy4 aa nprgo6rBaHe Ha o6paaoaareaxa h HayqHa creneu ,,4oxrop"

ABrop Ha Ar4cepraquoHHr4e rpyA: Mar. CreSax AannteB qoKoB

TeMa Ha AncepraqhoHHr4f, rpyA: ,,OnT],lMH3l,lPAHE HA APXI4TEKTPh HA HEBPOHH14

MPElHl4 qpE3 EBOIlOql,tOHH14 ArrophrM14"

9rex xa HayqHoro xypr: npoQ. A-p xHx, AaHxera Acexoaa foqeaa

npeAcraBeHr4ffT Al4cepraqxoHeH TpyA e a npoQeclroxanHo HanpaBnexrae 5.3
Korvryxrxaqroxxa h xoMnrcTbpHa rexH14xa, Aoxropc!{a nporpaMa ,,Crctenvr c x3(ycrBeH

rxrenexr" u e paapa6orex noA HayqHoro prxoBoAcrBo r.ra npoS. A-p 14Hx. Mr4neHa K'4phnoBa

/la3apoBa-M xqeBa h Aoq. A-p hHx. Agearxa l-lnaruexosa AneKcheBa-nerpoBa.

1, Axryanxocr Ha pa3pa6orBaHxn B AxcepraqxoHHxf, rpy4 npo6aem B HayqHo x
HayqHo-nphrorxHo oTHoLueHre.

npeAcraBeHHRT Ar4cepraqr4oHeH TpyA e HacoqeH KIM onrhMx3r4paHe Ha npoeKThpaHe
Ha apxhTeKryp[ Ha HeBpoHHn Mpex(h h nphnoxeHHeTo Ha eBonoqhoHH],r cTparerrh h

reHerh'-rHt4 anrophrMr4 3a pa3ni4qHr nprnolxHr4 :a4arr. AxryarHocrra Ha h3cneABaHero ce

o6ycraen or 6tp:oro pa3Bur e ua 4tn6oxoro o6yuexue x HylRAara or aBToMarh3hpaHr

chcreMr4 3a orKpxBaHe Ha onrhMarHh apxhrexryph, oco6eso npH 3aAaqh c Br4coKa c,nolKHocr !4

roneur o6eanu 4axxlr. [4:noa:BaHero Ha eBontoqxoHHh anropurM14 3a aBToMarhqHa

onTxMh3aqr4n Ha HeBpoHHr4 Mpexx AonpHHacfl 3a ycxopsBaHe Ha h3cneAoBaTelcKr4Te r
!4HxeHepHh npoqec/ h no3Bo.nnaa nph,naraHero xa 4'ua6or+,r MoAerh a roar p,omefixlr, xbAero
ptq Hara xacrpofi xa e npaKTl4qecKl4 HeBt3MoxHa.

flpo6reruxara o6racr xa A!4cepraqhoHHhn rpy4 o6xaaqa n3cneABaHero Ha MeroAh 3a

a BTOMaT[3r,1paHO npOeXTXpaHe X OnrhMr43aq[8 Ha apxITeKryph Ha HeBpOHHl,t Mpexh qpe3

eBontol{xoHHr,,t crparerrh r reHerhqHh arropxrM!4. Ocsogr.runr aKqeHT e nocraBeH Bbpxy
pa:pa6oraaxero Ha MeroAo/rorxf, 3a onr Mr43aq[F Ha apxhreKrypx, Kohro Morar Aa ce

nprnaraT B pa3nh']HH npl4noxHr4 3aAaq14 - ynpaBneH e Ha aBToHoMH]4 areHTh, pa3no3HaBaHe

Ha qoBeuJKr4 4efixocru r nporHo3hpaHe Ha 3aMtpcnoaHe Ha s'b3Ayxa.

B paMKr4Te Ha Al4cepraq!4oHHhn rpyA ycneuJHo ca pa3rneAaHh x aApechpaHh, qpe3

Hay'{Ho l43CneABaHe 14 eXCnep}4MeHTa.n Ha qacT, eAHa ocHoBHa n qeThpn qacT}4'{H14 xhnore3h 3a

onpeAerrHe Ha onrhMarHh apxr4Texryp]4 Ha HeBpoHHr4 Mpext,t, Koero moxe ga 6tge
ocbqecTBeHo c MeTaeBpucTxqHh arrophTMl4, B ToBa qhc.no eBo.[toq]4oHH]4 cTpaTerut4 r
reHeTl4qH[ antopuTMu, r{oxTo }r3nor3BaT noAxoAfu{o npeAcTaEiHe h xoAhpaHe Ha peujeHHf,ra

r ruo4r.rQuqrpanh oneparopr4 3a Kp'bcrocBaHe x Myraqrs.

2. CTeneH Ha no3HaBaHe crcroFHr.rero na npo6aeroa u rBopqecKa lrHTepnperaqhf, Ha

,xreparypHxn MaTepxal

J



O6qranr o6etr xa AhcepraqxoHH,4, rpyA e 218 crpaxr,rqr,r. l-lr,rrrpaxr,r ca 206
nrreparypHh r43roqHuKa or nocreAHxre LO ro1uan, noco'leHu e 6r,r6n r,rorpa$cKara cnpaBxa.
flpeAcraBeH e reHeruqeH anroprrbM aa gueaiu Ha apxxrexryph ua HM, xofiro h3no.n3Ba

tvto4rQrqrpax oneparop 3a KplcrocBaHe 3a peuJeHhn c Bapxpaqa Alnxr4Ha u aAanruaHa
Myraqxf,. Ha rasr 6aaa ca npoeKTupaHx MeroA 3a eBoltohpaHe Ha x3xycrBeHa HepBHa chcreMa
3a aBroHoMHr4 areHTr4 c r,rHAxpeKTHo KoAhpaHe 14 reHeT[qeH a.nroprTbM u MeToA sa 4rsa x xa
KoHBonpqhoHHa HeBpoHHa Mpex(a 3a pa3no3HaBaHe Ha qoBeurKa 4e xocr. Karo npa}(TH,{ecKo

npxnoxeH14e e pa:pa6orex xN6pu4ex n pocrpaHcrBeHo-reMnopaneH 4ta6ox tuo4ea 6asrpaH
Ha (oHBonpquoxxa HM r LSTM rupexa 3a nporHo3rpaHe Ha 3aMbpceBaHero Ha Bb3Ayxa c

aBToMar qeH no46op xa BxoAHr4 npoMeHIABA a ontrur3aqhf, Ha xxnepnapaMerphre Ha

MoAena h xr6plr4xa crparerhfl 3a nont.nBaHe Ha nrncBaqhre cro xocrr B r3no,n3BaHhre

MHor{ecrBa AaHHH 3a o6yvexre Ha MoAena. Bo4qKo roBa Aoxa3Ba 3K/r to'{ rre,nHara aKryanHocr

Ha TeMaTa Ha ArcepTaqHoHHHF TpyA lr xe xara peanH3aqhf, oT AoKTopaHTa.

3. CborBercrBrle xa ra6paxara MeroAqKa Ha r3c[eABaHe H nocraBeHara qen x
3aAaqr Ha AxcepraqhoHHxn rpyA.

l-lenra Ha AucepraqroHH r,rs rpyA e pa:pa6oraaxe Ha eBorou,hoHHa crparerhn 3a

onr!4Mh3npaHe Ha apxr4TeKrypx Ha HM c reHerhqHh arrophrMh, KoFTo Aa 6tge nprnoxexa r
AOnrnHxTenHo rvrogr$rqrpaxa h BanlrAHpaHa 3a peuJaBaHe Ha KoHKpeTHH npt4no]KH]4

npo6reror: ynpaBreHhe Ha aBToHoMH14 areHT!4; pa3no3HaBaHe Ha qoBeurxr4 Aefinocrr;
nporHo3rpaHe Ha 3aMtpcnBaHe Ha Bb3Ayxa. Ocxogxnre 3aAaqr n ra6panara MeroAhKa Ha

x3cneABaHe ctorBercrBar Hanb.nHo Ha nocraBeHara qea. Karo AonbnHHTenHo AoKa3are,ncrBo
Moxe Aa ce nocoqar MHoxecrBoro cpaBHhrenHr4 ta6nu4n h B'b3Mox(Hocrra 3a npoBepKa Ha

pa6orocnoco6xocrra Ha MeroAr4Kara B npaKThxara.

npeAroxeHhre a.nroplrrMh 3a onrhMh3aqxn Ha apxhreKrypara xa HM npeAcraB,nflBar
Hay'{Ha HoBocT c np[roxeHhe B npaKThKaTa.

4, HayqHx nlnnu tay*to-npxroxHH npxHool Ha AxcepraqxoHHxn rpyA

B paMKxre Ha AucepraqroHHr,r rpyA ca Qopmynrpaur qerxpr4 npxHoca c HayqeH

xapaKrep/ '{erhpx npHHoca c HayqHo-n prrox{eH xapaxrep H TpH npuHoca c nphnoxeH
xapaKrep.

HoYtlHu nPuHocu:

1. flpe4loxeu e MeroA 3a onrr4Mh3aqrf, Ha apxhreKrypara xa HM c r43nor3BaHe Ha

reHer['{eH arropnrbM 3a eBorror],hf, h ycnoxHf,BaHe Ha peuJeHhnra or no-npocrh
KtM no-croxHr.r, xoiro r3nor3Ba no4rlQrqupax oneparop 3a KptcrocBaHe 3a

peueHH, c Bapxpau-lh AbnxxHr4 aAanTi4BHa Myraqxn c Tpx cTpaTerhh 3a npoMeHh

a apxrrexryprre xa HM;
2. l-lpe4loxeu e MeroA 3a eBo/rrohpaHe xa HM sa ynpaBneHhe Ha aBToHoMHu areHTu,

xofiro r:nongaa 6roaorrqxo BAbxHoBeHa xHAxpeKTHa cxeMa Ha KoAhpaHe,

ochrypnBaula Bb3MoxHocr 3a pa3Bhr e Ha HM c orqrraHe xa a:armoAeicrannra
c'bc cpeAara c qen aAanrxpaHe Ha areHTa xrm cneqnSuvua cpeAa;



3. flpe4,roxex e MeroA 3a aBToMar!4qHa onrxM!43aq[B Ha apxhrexrypara Ha

KoHBo.noqhoHHh HM aa pasno:xaBaHe Ha qoBeuJRh AefiHocru qpe3 eBonoqr4oHeH
npoqec, xofiro yc/roxHrBa npocr[ apxhrexrypx c Ao6aBnHe Ha HoBr4 croeBe c

x3no/l3BaHe Ha MoAa4QxLUpaHo KpbcrocBaHe 3a peuJeHun c pa3nl4qHa Abnh<AAa A

aAanrhBHa Myraqnn c rpr paBHoBeponrHx crparerxx 3a MoAr$hqupare xa cnofi,

4o6aenue ua cno u npeMaxBaHe Ha cnofi or apxhreKrypara Ha HM;
4. flpe4aoxex e noAxoA 3a BK,moqBaHe Ha eBo,noupaHh apxurexryp[ 3a x 6phAeH

Abn6ox n pocrpaHcrBeHo-TeMnopaneH MoAen 3a nporHo3rpaHe Ha 3aMlpcflBaHero
Ha Bb3Ayxa B pa3nl4qHr4 aHcaM6nu, cbcronu.lr ce or MoAenh c eAHaKBH apxhrexTypr4
h MoAenr4 c pa3nx'{Hh apxxTeKrypr4.

HayqHo-npunorrwu t puHocu:

1. flpe4aoxex e xu6pr4eu 4tn6ox npocrpaHcrBeHo-reMnopareH MoAe,n 6a:npax xa
KoHBorroqxoHHa HM 14 LSTM Mpexa 3a nporHo3xpaHe Ha 3aMtpcf,BaHero Ha

Bt3Ayxa c aBToMaruqeH no46op xa BxoAH[ npoMeH nngr u onrnux3allrn Ha

x]4nepnapaMerprTe Ha MoAera;
2. flpe4roxeua e xx6phAHa crparerxr 3a 3an'brBaHe Ha rrncBau.lh crofixocr[ gta

BpeMeBh peAose, Konro e nphnoxeHa 3a o6yqeHxe xa xr6pr4urn 4ta6ox
npocTpa HcTBeHo-TeMnopa,neH MoAe, 3a nporHo314paHe Ha 3aMbpcFBaHe Ha

Bb3Ayxa;

3. flpe4aoxexa e crparerr4n sa no46op Ha BxoAHx npoMeHnxBx nph nporHo3xpaHe Ha

3aMrpclBaHero Ha Bb3Ayx c xr6pu4ex g'un6ox n pocrpaHcrBeHo-TeMnopaneH

MOAen;

4. flpe4roxexa e crparerxn 3a EKroqBaHe Ha npocrpaHcrBera rr$opruaqrn npr,r

nporHo3hpaHe Ha 3aMbpcf,BaHero Ha Bb3Ayx c xu6prAeH Arn6ox npocrpaHcrBeHo-
TeMnopa/reH MoAen.

npunoxHu npuHocu:

1. Paapa6orex e npororxn 3a eKcnephMeHTanHo oqeHnBaHe Ha npepoxeHara
6roaor vHo BAbxHoBeHa r4HAr4peKTHa cxeMa Ha KoAxpaHe :a eaoaorpaxe xa HM
3a ynpaB.neHxe Ha aBToHoMHh areHT!4 B'bpxy cxMynaqhn Ha x3KycrBeH canr, xofiro
noKa3Ba, qe c,i3nor3BaHe Ha npocra hMnnxq!4THa Qrrxec Qynxqns ycneuHo ce

eBonpxpar areHTh cnoco6H!4 Aa pa3rpaHhqaBar pa3nxqHt,.r o6exTh I ce reHephpar
paaxoo6paanr h KoMnreRcHh apxnrexryph c MarbK 6po naparvrerph cnpflMo Apyrh
Bb3MOXHr4 nOAXOAT4 3a eBo,llorlpaHe Ha HepBHa ChCTeMa 3a ynpaBneHhe Ha

ABTOHOMH}4 ATEHTh;

2. Pa:pa6orex e npororxn 3a eKcnepxMeHTa.n Ho oqeHFBaHe Ha eBo/rtoqhoHHo
6asrpaxrn 4usafix xa KoHBolroLlhoHHh HM 3a pa3no3HaBaHe Ha qoBeuJKa Aeisocr,
Ko ro noKa3Ba 3Haqr4TerHo no-4o6pra pe3yrrarx B cpaBHeHHe c Apyrh Atn6oxh
apxxreKryp,4;

3. Paapa6oren e npororun 3a excnepriMeHTa, Ho oqeHrBaHe Ha npeA,noxeHtaf,

xr6prgeH Arr60K npocrpaHcrBeHo-reMnopaneH MoAen 3a nporH03hpaHe Ha

3aMbpcnBaHero Ha Bt3Ayxa, KoiTo noKa3Ba, qe Aoph x npr4 orpaH[qeHn



VI39ACAATeAAU pecypch e8o/rohpaHrre apxhreKrypr BoAFr Ao nonyqaBaHe Ha

A06?A A nOCrOf,HHh pe3ynrarx.

npr4eMaM 6es sa6eaexxra $oprvrynr,rpaxr,rre or aBropa nphHocx. Te ca 6eecnopxo

AOXa3aTeICTBO 3a nonyqeH[Te pe3ynTaTl, KaKTO 14 3a HayqHaTa X npaKTX'{eCKa HOBOCT.

5. fly6rrxaqrra no AlrcepraqrioHHx, rpyA

B nepuo4a 2Ot9-2022 aBropa e ny6arxyeaa 8 xayvxr,r ctarr.r c aHaAu3A x pe3ynrarr
noryqeHx B paMxxre Ha AhcepraqHoHHoro h3creABaHe. ner or craruure ca AoxraABaHh Ha

MelKAyHapoAHr4 xayvur,r xou$epeHqxh, ocraHarr4Te ca B HayqH cnxcaHr4f,. HanpaBeH!4Te

ny6luxaqru noxphBar reMarr4xara Ha AucepraqxoHHr4 TpyA x orpa3nBar ocHoBHh aBaAr,3A u
pe3ynrarh or cbu-ll4s. E4xa or crarrhre e caMocronTenHa, ocraHarrre ca I cbaBTopcrBo c
HayqHure ptKoBoAHTenh. 9errpu or HayqHxre ny6nuxa4tvt ca hHAexcxpaHh a Scopus, a ABe or
rflx ca r4HAexcnpaH!4 B WoS. 9errpu or ny6nraxaqurre ntaat 79 \AtApaHuA, acrqKh or Kor4To or
qyxAecrpaHHu aBTopt4 t<aro eAHa or rsx rMa 60 qrrrpaxun. He xa nocre4Ho Mncro

AoxropaHTbr l4Ma Xrpu-r Nx4exc 6 no Scopus.

3alaexr4re nphHocr ca AoKa3aHr no 6necrrq Haqr4H B npeAcraBeHhre ny6nraxaqrara,

Koero e h arecrar 3a ,rr4qHoro yqacrhe Ha AoKTopaBTa B Al4cepraqxoHHxn TpyA. Eposr, o6em'ur
h KaqecrBoro Ha HayqHxre ny6nvtxaquvt Han'bnHo yAoBnerBopsBar r3hct<BaHrnra xa3PACPEsa
npxcblKAaHe xa OHC ,,4oxrop".

Bte aptaxa c npoBeAeHxre HayqHr !43cneABaHhf, no AxcepraLlhoHH r4n rpyA,

AoKTopaHTa yqacrBa I Tpx HayqHo-H3creAoBarencx!4 npoeKTar or Kor4To eAhH no Oneparrexa
nporpaMa ,,Hayxa r o6pa:oaaxre 3a !4HrerrreHrex pacrex" u 4pyr QrraxcrpaH no

Haqroxaneu nraH 3a Bb3craHoBflBaHe u ycrofivnaocr.

5. MHeHxf,, npenopbxn n 6eaexxr,

,QncepraqNoxxr,rn rpyA e o$oprvren Ha B coKo npo$ecroxarxo HhBo, r43BbpuIeHH ca

aa4'ua6ovexu aHanAgA h cBhAerencTBa 3a orlrqHo no3HaBaHe Ha Marephf,Ta x npeAMerHara

o6nacr. AxarNshpaH e axryaneu npo6nem npeA 14T hHAycrphera. C al4coxo Hr4Bo Ha

:a4tr6oseuocr ca h3BrpuJeHH HayqH Te h3creABaH[F eKcnepxMeHTr4, Karo ca

npeAocraBeHH AaHHH 3a npaKTHqecKoTo hM nphnolKeHxe.

Hnnaru ga6eaexKx KrM AxcepraqhoHHxF rpyA.

7. 3axapqexue c ,cHa nororflr,rrellla uin orpxqarerHa oqeHKa Ha AxcepraqxoHHxn
TPYA.

ArcepraqhoHH!,rnr rpyA orroBapn Ha r3r4cKoaHhira xa 3axoxa 3a pa3axrxe Ha

aKaAeMhqHhF cbcraB Ha Peny6rrKa 5tlrapna, npaarnurxa 3a npxnaraHe Ha gaxoxa t4

cborBerHHs npaBxrH14K Ha TexHh,{ecKn Yxraepcurer - Co$rn. flpoae4enrre xayvHl,t

H3cneABaHl4f, ca B aKryanHa o6nacr n rperhpar npo6aemawrxa, Konro e o6eKr Ha 3acr.neH



r43C,neAOBaTe.[CKh r4HTepeC. nOny,{eHXTe pe3ynTaTr4 CbAbpxaT HayqHh, Hayq Ho -npy'nox\HA A

nphnolKHn npxHocx, KoxTo ca pa3npocTpaHeHu n HanpaEeHh AocToFHhe Ha 3a h HTepecoBaHara

HayqHa o6qHocT '{pe3 ny6.|lrKyEaHeTo ,tM B HayqHu cTaT!1H B cnr4caHuf, x npeAcTaBnHero HM Ha

cneqxanu3HpaHr HayqHx KoH0epeHqhH.

AaBaM noroxl{rerrHo MHeHle 3a npeAcraBeHxi AxcepraqxoHeH rpyA A

npenopbqBaM Ha KareApeHxr cbBer Ha xareApa ,,KoMnpTbpHh crcTeMr" nph TexHrqecKu
yHhBepcrrer - CoQxf, Aa caprxpa npolleAypa 3a npxcbxAaHe Ha o6pa3oBarerHa h HayqHa

creneH ,,Aorffop" xa mar. Cre$ax AaunreB qoKoB.

23.OL.2026

I-p. Co$un

q.NEH HA )HYPKITO:

(npoQ. a-p rxx. ,(auueaa [oqeea)



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 NEURAI NETWORK ARCHITECTURES THROUGH

EVOLUTIONARY ATGORITH MS"

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 lntelligence Systems", and has been

developed under the scientific supervision of Prof. Dr. Eng. Milena Kirilova Laza rova-M itseva

and Assoc. Prof. Dr. Eng. Adelina Plamenova Alexieva-Petrova.

1. Relevance of the problem in scientific and sclentific-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 ofthe 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-a pplied contributions, and

three applied contributions are formulated.

ici e ntif i c co ntri b uti o n s :

1. A method for neural network architecture optimization using a genetic algorithm
for evolutionary development from simpler to more complex solutions is proposed. lt 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.

S ci e ntif i c- o p pl i e d co ntri b utio n s :

1. 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 hyperpa rameters.

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.

Ap pli e d contri buti o n s :

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

Senerated 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,
demonstratinB 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.

I 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

DurinB 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 jou rna ls.

Four ofthe 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)".

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).



ln 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. ln-depth analyses have been
conducted, demonstrating excellent knowledge of the subject matter and research field. A

current and relevant problem for the lT 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.

I 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.

lgive 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,
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