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PELUEH3UWA

BbpXy AucepTaunoHeH Tpya 3a npugobmusaHe Ha obpasoBartesiHa U HayyHa cTerneH
~BOKTOP”

ABTOp Ha gucepTtaymoHHUA Tpya: AuMmutbp HeHoB HeHoB

Tema Ha pgucepTauMoHHUS TpyA: MopenvpaHe Ha TeHeTUYHU anroputMum C
BpEMEeBM peaoBe npu u3cneaBaHe pabotata Ha (POTOBONTAMYHM CUCTEMM 3a
aBTOHOMHO 3axpaHBaHe Ha 6UTOBM MOTPEGUTE N (B OTOM3TOYHU paiioHM).

PeueH3eHT: npod. AgMH NaHn TpeHgadwuios Ctamos

1. AKTyasZlHOCT Ha pa3paboTBaHus B AUCEPTAUMOHHUA Tpya npobnem B
Hay4YHO M HAYYHOMPWIOXKHO OTHOLLEHWE.

N3rpaxgaHeTo Ha WHTENUIEHTHW aBTOHOMHM (DOTOBO/NITAMYHU CUCTEMU €
CBbpP3aHO C pellaBaHETO Ha peauua akTyasiHu npobnemu, eauvHUAT OT KOUTO e
HaAeXAHOTO MPOrHo3mpaHe Ha paboTaTta UM NpPU NPOMEHINBY YCOBUS.

PaboTHMTe napamMeTpy Ha Te3n CUCTEMU Ce PperucTpupar Kato KpaTku,
HecTauMoHapHM W LUYMHW BPEMEBM pefoBe, CbAbPXalN CTPYKTYPHU WU3MEHEHWUS,
nopoAeHn OT NPOMEHN B pexumMa Ha paboTa v BbHLIHATa cpeja.

3non3BaHeTo Ha asiropUTMUYHM MOAXOAWN, HEe3aBUCUMM OT aCUMMATOTUYHU
npeanocTaBkM  OTCTpaHsABa  OrpaHMyeHaTa eqEeKTMBHOCT Ha  KlacMYeckute
cTaTUCTUYECKM METOAN NPV NOAO0GEH TUM AAaHHMW.

N3bpaHaTta Tema e 0CO6eHO akTyaslHa B CbBpPEMEHHUA eTan Ha marpaxpgaHe Ha
WHTENITEHTHN aBTOHOMHM (pOTOBONTANYHM CUCTEMKU, Tbil KaTOo ce npunaraT
MOAEPHN MeToAM [TEHETUYHW anropuTMn, TeopusiTa Ha pasMUTUTE MHOXECTBA,
€BOJIOLUNOHHA OoNnTMMu3auus/ 1 pelleHns, KOWTO OT CBOS CTpaHa ocurypsiBaT
YCTONYMBO MPOrHO3MpaHe npuv HEeNIMHEWHOCT W HeonpeaesieHoCT Ha paboTHuTe
[OaHHN N CTPYKTYPHU TpaHcdopmaluu.

Pa3paboTeHuTe asropuTMn 3a KabCTepusauus Ha Tpynn KpaTknm BPEMEBU
pefoBe upe3 MepapxuyHO arnoMepaTtMBHO KIbCTepuampaHe, yCTohumMBM npu cnaba
pa3aenMmocT Ha KTbCTEPUTE U YHMBEPCA/THM MPOFHO3HU MOAENUN 3a KpaTKu BPEMEBM
pefoBe goka3BaT MOCTUraHe Ha BMCOKA TOYHOCT MNPV NPOEKTMpaHe Ha aBTOHOMHM
(pOTOBO/ITAUYHN CUCTEMMW.



2. CteneH Ha No3HaBaHe CbCTOAHMETO Ha Npobsema

LJOKTOpaHTBLT e Hanpasun nogpobeH nutepatypeH o063op. Mpoyuun e obuwo 157
nuTepaTypHM U3TOYHULUN, KaTo 149 ca Ha naTuHULA U 5 Ha Kupunuua, a ocTaHanuTe
ca MHTepHeT agpecu. HaumHbT Ha MHTepnpeTMpaHe Ha AnTepaTypHUTe U3TOYHMUU
nokasea, 4Ye [AOKTOPaHTbT MNO3HaBa CbBPEMEHHOTO CbCTOSIHME HaA W3cneABaHUS
npo6siem. Bb3 OocCHOBa Ha HanpaBeHUTE MNpoy4YyBaHMs MO TemaTa, AOKTOPaHTbT €
Habensa3an npaBUIHO LenTa, NnpobaemuTe 1 3agadunte 3a nscnenBaHe.

3. CboTBeTCTBME Ha u3bGpaHaTa MeToAMKa Ha u3criefBaHe M MocTaBeHaTta
Len 1 3agaun Ha ANCEPTALUNOHHUSA TPyA C NMOCTUTHATUTE NMPUHOCMK.

Llenta Ha AucepTauvoHHMs Tpya e pa3paboTBaHe Ha MOAESM W anropuTMu 3a
NporHo3MpaHe Ha KpaTku BPEMEBW peaoBe, ONUCBallyM paboTaTta Ha Masku
aBTOHOMHM (POTOBONTAMYHM CUCTEMU 3a 3axpaHBaHe Ha GUTOBU MNoTpe6buTenu, ¢
OTUMTAHE HA KAUMATUUYHUTE U reorpadpcCkm O0COBEHOCTU Ha u3creaBaHuTe 06ekTu,’
ypes Wu3nNon3BaHe Ha WHCTPYMEHTM OT TeopusiTa Ha pPasMUTUTE MHOXecTBa U
reHeTUYHUTE a/ITOPUTMW.

3a peasim3vpaHe Ha nocraseHara LUen ca d)opmynmpaHvl HAKOJ/IKO 3aa4yn:

1. [a ce aHanu3upa NpUIOXKUMOCTTA Ha METOAM OT TeopuaTa Ha pasMuTUTe
MHOXeCTBa W eBOJIIOLMOHHATA ONTUMMU3aumst (BKIOUUTESTHO TEHETUYHU asiropuTMM)
Npv usrpaxgaHe Ha pPerpecrioHHN U MHOTOKPUTEPUAaIHX MOAENN 3a NPOrHo3MpaHe Ha
BPEMEBU pefoBe.

2. [la ce uscnegBaT M CpaBHAT MeToAM 3a WUAeHTUdMUMpPaHe Ha CTPYKTYPHU
TpaHcdopmauuy B rpynu OT KpaTKu BpeMeBM peaoBe, 6GasupaHuM Ha KnbCTepeH
aHanM3 1 asoB aHans, NPy HaMuMe Ha HecTauWOHaAPHOCT U LLyM.

3. Ja ce pa3paboTu MHTerpMpaHa MeToAuKa 3a aHa/iM3 M MpPorHo3upaHe Ha
KpaTkn BpeMeBW peaoBe, KOMGUHMpalia pPasMUTo MOJesMpaHe W eBOJILMOHHA
onTyMM3aLmsi.

4. Jfa ce paspaboTm perpecuoHeH MPOrHO3eH MOAEeN C OueHka Ha
HeonpeaeneHocTTa, OCHOBaH Ha pasMuTa pPerpecusi ¢ aCMMETPUYHU napamMeTpu U
reHeTUYEH a/ITOPUTBLM, MPUIOXKUM 3@ NPOrHO3MPaHe M ONTUMU3UPAHE HA PEXUMU Ha
enekTponoTpebrieHue.

5. [Ja ce pa3pabotu anroputbM 3a UAeHTUMUMPAHE Ha CTPYKTYPHU
TpaHchopmaumm B rpynu KpaTku BpeMeBU pefoBe, CBbp3aHW C ekcrnjoaraumsara Ha
hoTOoBONTAUYHM CUCTEMU, 4Ype3 KNbCTepusaums C pasmuT MeToau, Npu oTynTaHe
Ha KIMMaTU4yHN 1 reorpaddcku oaktopu.

6. Ja ce pa3paboTn anropuTbm 3a KNbCTEpM3auusi Ha rpynu KpaTku BpemeBu
peaoBe upes liepapxnyHo arnomepaTMBHO KNbCTepusupaHe, yCcToiiuMB npu cnaba
pasgennMocT Ha KTbCTepUTe U NPUIOXKMM 3a OTKPMBAHE HA CTPYKTYPHU U3MEHEHUSI.



7. [a ce pa3paboTu yHMBepcasieH NPOrHo3eH MOAEeN 3a KpaTku BPEMEBM peaoBe
npy HeonpeaeneHocT, OCHOBAH Ha MHTEPBA/IHU PasMUTU MHOXECTBA OT BTOPMU TUM U
FEHeTUYHM anropuTMu, C Len NocTUraHe Ha BMCOKa TOYHOCT MPU NPOEKTUpaHe Ha
aBTOHOMHM (DOTOBONTAUYHW LIEHTpanu

3a BCcAka OT HabensizaHWTe 3ajauv 3a pellaBaHe B NpeATaBeHuUs Tpyn C 06em
151 cTpaHuuM e cb3aajieHa MeToAuKa 3a n3cnefBaHe, 3a KOATO e u3bpaH noaxoasiiy
mMaTemMaTUYeCKM MeTofl, C KOWTO ce MocTura peLlleHneTo npu npeaBaputesiHo
060CHOBaHM U1 u36paHM kpuTepun. Taka un3bpaHMTe MaTemaTUYecku MeToam
CbOTBETCTBAT Ha MocTaBeHaTa Uen W HabenssaHuTe 3ajaunM 3a pellaBaHe B
auceprauusita.

4. AHaNUTUYHa  XapakTepucTuka Ha  ecTecTBOTO M oOuUeHKa Ha
AOCTOBEPHOCTTa Ha MaTepuasna, BbpXy KOWTO ce rpagdaTr npuHOCUTE Ha
avnceprtayuoHHNA TpyAa,.

N3non3eaHu ca pasnuyHm omumanHn 1 4OCTbNHU U3TOYHMUM 3a CbOMpaHe Ha
eMNUPUYHN faHHW (CpaBHEHME Ha OCHOBHUTE 6aTepuyHM TEeXHOS0rMK, CconapeH
eHeprmeH noteHuyvan Ha bBbarapus u T.H.). locnegHuTe ca nNpeaCcTaBUTESTHM,
AOCTBMHU M HaNb/IHO AOCTaTb4YHM 3a U3BbLPLUBAHE HAa HAGNOAEHUS, EKCNEPUMEHTH,
M CTaTUCTMYECKN aHanm3n. [eMOHCTpupaHuTe ymeHus 3a pabota C To3u Tun
MHGOpPMaLMs, KaTo akTyasIHOCT, MpoBepka Ha W3TOYHMUMTE U paboTa CbC
CbOTBETHUTE [AOKYMEHTWU MOKa3Ba 3aAb/IGOMEHO MO3HABaHe Ha npobsiemartukaTa U
NOAXOASALLO MHTEpPNpPeTMpPaHe 3a Lie/MTe Ha gucepTayumaTa.

5. MpUHOCK Ha ANcCepTaLVOHHUS TPy,
A. Hay4HO-NpUIOXHM 1 NPUAOXKHM MPUHOCK B AucepTaumnaTa:

1. PaspaboTeHa € WHTerpMpaHa MeTO[0/I0fMYHa paMka 3a aHaaMs U
NMporHo3MpaHe Ha KpaTku BpemMeBU pefoBe Npu HaMume Ha HeornpeaeseHocT,
HecTaluMOHApPHOCT W anpuopHa MHopMauusi, NPUIOKMMA KbM  aBTOHOMHM
thoTOBOATANYHM CUCTEMMN.

2. V3BbpweH e cuctematMyeH aHanmM3 Ha paboTata Ha aBTOHOMHa
dhoToBONTANYHA CUCTEMA, OCHOBaH Ha U3MEepeHn BpeMeBU pefoBe, KaTo € rnokasaHo
B/IUAHNETO Ha TeOMEeTPUYHW, KOHCTPYKTUBHW, KIUMATUYHU W eKcnjoaTaunoHHN
hakTopn BBbPXY AMHAMMKATA Ha e/IeKTPONpPOM3BOACTBOTO U e/IeKTponoTpebeHneTo.

3. MpepnoxeH e anropuTMUyYeH noaxon 3a WAeHTUduuMpaHe Ha CTPYKTYPHU
TpaHcopmauunm B Tpynu OT KpaTku BpemMeBW penose, OasvpaH Ha pasmMuTo
KNbCTEepU3npaHe N cpaBHUTENEH aHaNn3 Ha KnbCTepHata CTPYKTypa npu pas/ivyHu
BpemMeBu malliaou.

4. PaspaboTeH € perpecuoHeH TNPOrHO3eH Mogen C  OueHka Ha
HeonpeAesieHoCTTa, OCHOBaH Ha pasMuTa perpecusi ¢ acCUMeTpUyHWU napameTpu u
reHeTMYeH asropuTbM 3a ONTUMMK3ALMSA, MO3BOJSBALL HAAEXAHO MPOrHO3MpaHe Mpu
LYMHW 1 KPATKN JaHHW.



5. Cb3pafeH e anropMTbm 3a KnbCTepusauusi Ha KpaTkM BpemMeBM pefoBe,

6asvpaH Ha iepapxMyHo arioMepaTUBHO KNbCTEpu3MpaHe, KOMTO ocurypsisa
YyCTOAUMBO OTKPUBaAHE Ha CTPYKTYPHU W3MeHeHusi npu cnaba pasaenvMocT Ha
[aHHuTE.

B. NMpnnoxHn npuHocu

1. OCblWecTBEHO e  eKcnepuMeHTanHo  u3c/fiegBaHe Ha  aBTOHOMHa
doTtoBOoNTanyHa cuctema. OnpegeneHo € BAUAHMETO Ha oakTopu  BbpXy
CTPYKTYPHUTE W3MEHEHUS B KpaTKuTe BPEMEBM pPeAoOBE Ha efieKTpuyYeckuTe
napameTpu.

2. Pas3paboTeH e yHMBepcasieH MNpPOrHOo3eH MoAes, 6asvpaH Ha MHTEpPBasHY
pasMuTU MHoXecTBa OT BTOopU Tun (FOU) M reHeTUyHu anropuTmiu, Ocurypsialm
noBMLIEHA TOYHOCT Ha MPOrHO3UTE NPV NPUEeM/IMBA U3YMC/IMTENHA C/IOXKHOCT.

B. Anpob6auus

Pe3yntatute ot guceprauuaTta ca anpobupaHu Ha 3 Hay4YHU KOHepeHLun:

1. XXVI-Ta HayumoHanHa KoHhepeHUMsa ¢ MexayHapoaHo yyacTue
JMHXEHEPHUN W MPOPOAHW HAYKWU - 2025%, B rp. Co3onon, 21 - 22 HOHu,
2025 r.

2. ICEST 2025, 60th International Scientific Conference on Information,
Communication and Energy Systems and Technologies, Oxpua, 26 -28 HOHu,
2025 T.

3. FQAS 2025, International Conference on Flexible Query Answering Systems,
rp. byprac, 11-13 Centemspu 2025 T.

6. lMpeueHka Ha nybnnkauumTe No guceprtaunoHHNA TPyL

OCHOBHM NOCTWXEeHMA U pesyntatm OT Auceprtauyusatra ca nybnukysaHu B 5
nyénukauun, 1 OT KOUTO camocTosATenHa. Yetupu oT nybnvkauuute ca
NHAEeKcMpaHn n pedpeprpanun B 6asata gaHHM Ha SCOPUS.

UeTupu ot nybnvkauuuTte ca HanpaseHu npe3 2025 r. n egHa - npe3 2024 r.,
KOeTO nokasBa ycuneHa nybsivkauMoHHa AeWHOCT No Temarta Ha guceprauusTta npes
nocnegHarta roguHa oT nogrorekara 3a 3awuTa.

CnepfBa KpaTka xapaktepuctuka Ha nybnukauumure:

1 Pabortata ,Forecasting Models and Genetic Algorithms for Researching
Designing Photovoltaic Systems to Deliver Autonomous Power Supply for Residential
Consumers" nscnegBa Hai-edpekTuBHata (pOTOBOMITaMyHa cuUcTema, 6asupaHa Ha
TEXHUYECKNTE XapaKTepuctuknm Ha SB n AB. Ta nma gupektHa Bpb3ka mexay SB u
AB 1 ocurypssa no4ytv NbAHO W3MNON3BAHE HA WHCTanMpaHara MOLWHOCT Ha
CTbHYEBMSA NaHesn C NpoMeHnBa opueHTaums kbM CbHLUETO.

Cratuata e nybnukyBaHa B cnucaHueto Applied Sciences Switzerland,
(2025)15(9), 5033. CwbrnacHo nocoyeHata OT 6asaTta AaHHM Ha Web of Science

and



cuctemMa 3a oueHka Ha cnucaHuata SJR, HayyHOMeETpUYHMUTE nokasaTennm ca
cnegHute SJR 0.521, H-index 162 u kBapTtun Q2.

2. Cratuata ,Semantic Model and Architecture in Inframobility System* e
noceeTeHa Ha BbBMPOCUTE OTHOCHOpAa3paboTBaHETO  Ha apxuUTekTypaun mogesn 3a
n3rpaxgaHe Ha WHgopmauMoHHa MOoOWNHA cucTemMa, OpuUeHTUpaHa KbM YC/yru,
KOATO nogobpsiBa Ka4ecTBOTO Ha 06CNy)XBaHe Ha NOTPebUTenuTe 4ypes U3nos3BaHe
Ha OTBOPEHMW [AHHWU W YCAYTX NpW NJaHMpaHe Ha NbTyBaHuATA.

CraTtuaTa e nybnukysaHa B cnucaHuneto Wseas Transactions on Systems, 2025,
n ot 6asaTta gaHHM Ha Web of Science cuctema 3a oueHka Ha cnucaHuaTa SJR,
Hay4YHOMeTpU4YHUTE nokaszatenu ca cnegHute SJR 0.179, H-index 29 n kBaptun Q4.

3. Pabotata ,Modeling based onNeural Network Learning for Object Recognition
in Automated Systems" e cBb3aHac MPUIOXEHMETO Ha MeTofa HalleBeHbepr-
MapkyapAT 3a m3rpaxjaHe Ha HeBpPOHHA Mpexa C Hanpejsalia nponycknBOCT,
n3nossBalla Bb3MOXHOCTUTE Ha rpaduyeH yckoputen. MoenbT CbUWO Taka
obobwasa u npepgsara HOB a/rOpuTbM 3a OOy4YeHMe Ha HEBPOHHU MpPexu C
BaliecoBa perynsapusauus, vHuumanusaums Ha Nguyen-Widrow v meTon 3a paHHO
crnivpaHe u KOHTPOI.

Cratungara e nybnmkyBaHa B cnucaHmeto Wseas Transactions on Systems and
Control, 2024, cbCc cnegHUTe HaydyHOMeTpuyHUTe nokasatenu: SJR 0.215, H-index
29 n kBapTun Q4.

4. Crtatugara ,Algorithms for Time Series Forecasting in the Design of a
Photovoltaic System for Powering Small Objects” e ny6nunkysaHa B matepuanute ot
paboTata Ha 60-th International Scientific Conference on Information
Communication and Energy Systems and Technologies ICEST 2025 nHAaekcupaHa B
6asara gaHHn Ha SCOPUS.

Tasn ctatua npegsara nogxoam 3a NPorHo3vpaHe Ha NpeacTaBsaHETO Ha Masiku
conapHy (OOTOBO/ITAMYHN WHCTanauuMm 4pes uAeHTUuUUupaHe Ha CTPYKTYPHU
TpaHcdopmaunn B rpynu OT KpaTknm BpemeBu cepuun. MNpepnarat ce MHCTPYMEHTU 3a
HeonpeaeneHo v liepapxnyHo KnbCcTepupaHe.

5. PabotaTta “Analysis of Solar Energy in Bulgaria By Designing Photovoltaic
System for Autonomous Power Supply of Household Users” e goknagBaHa Ha XXVI-
th International Conference on Engineering and natural sciences, npveta e 3a neuar
B MaTepua/inTe Ha KOH(PepeHuuMsaTa, HO [0 HanuUCcBaHeTO Ha Tas3n peLeH3ns He e
n3nA3na ot nedyat v Nnopaau ToBa HAMa Aa s peLeH3vpam.

3a nocouyeHuTe Mo-rope NyGnAuKauum ca OTKPUTU 4 UMTUPAHUS B He3aBUCUMU
M3TOYHMUM. Kato ce uma npensup, yYe LMTUpaHUTE paboTu ca Ny6anKyBaHu npeau
no-masiko OT roguHa e O4YeBMAEH M3BOAA 3a MHTEPEC Ha HayyHaTa OOLHOCT KbM
nosyyeHnTe pesyntatu. ToBa nNpaBu AucepTaHTa pasno3HaBaem B o6/actta, B
KOSITO paboTu 1 3HAUYMTENHO NOBMLLIABA 3HAYMMOCTTA Ha TemaTta Ha Auceprauusita u



CTOMHOCTTa Ha NOCTUXeHuATa 3acTbnaHn B paspaboTkute. OT gpyra cTpaHa, kato ce
nva npegsuj pefakuvMoHHaTa MoMMTUKA Ha CnmMcaHusATa B KOWTO Ca HanpasBeHu
nyé6nvkauumuTe, npuemam, 4e yyacTueTo Ha JucepTaHTa B pa3paboTkute e
PaBHOCTONHO Ha y4yacTMeTO Ha ApyruTe CbaBTOpMU.

OueBMAHO HayyHUTe paspaboTkym npuTexasaT W 3HauuTesIHa NPUIoXHa
CTOMHOCT, KaTO MHOro OT THAX ca M/I04 Ha pas3IMYHN Un3CnefBaHUA B peasiHu
NHOYCTpUanHu ycnosuda. Yact ot nybnukaummte moraT fa ce pasrnexpgar Karo
NPOBOKMPaAHMW M OT NPOU3BOACTBEHUTE  HYXAM, KOETo Cce JokasBa oOT
npodpecnoHasiHAA ONUT Ha KaHAuAaara B UHAYCTpuATA.

Cuutam, ue CbOTBETCTBMETO Ha aBTopedhepara C M3UCKBaHUATaA 3a
N3roTBAHETO My, KakToO W Ha afleKkBaTHOCTTa Ha oTpassiBaHe Ha OCHOBHUTE
NOJIOXEHUA W MPUHOCUTE Ha AucepTauuMOHHUA TpyA e nocturaHata B AOCTaTb4YHO
[obpa creneH.

7. NMpenopbkn 1 3abenexku

Mo cbwWecTBO HAMaM 0CO6eHM 3abenexky KbM paboTaTa Ha AucepTaHTa.
Mpenopbknte MM ca CBbp3aHW Hali-Beye C NpoAb/ikaBaHe Ha u3criefBaHusiTa Mo
nsbpaHata TemaTuka. [puATHO BNeYeT/IEHME OCTaBsi He caMO O6opaBeHeTo ¢
Cepuo3HN 6a3n pJaHHW, cucTematumanpaHe, o06o06LaBaHe W WK3M0N3BaHe 3a
KOHKpeTHUTE LeSIM Ha guceptauusita, HO M OTKPUBAHETO HA HOBM Hay4yHM 06/1acTu 3a
pasBuUTME W MPUOXKEHNE HA NOCTUTHATMTE pesynTaTu.

3akitoueHune:

[JoKTopaHTbT npencTtaBss 3aBbplleH HayvyeH TpyA C MOCTUTHATM  Hay4yHO-
NPUNOXHU W NPUIOXKHM NPUHOCKM, KOUTO ca Moses3Hn B paboTarta Ha Masiku
aBTOHOMHW (POTOBONTAMYHM CUCTEMW 3a 3axpaHBaHe Ha OGUTOBM NoTpeduTenu, c
OTUMTaAHE Ha KNuMMaTu4yHUTe u reorpadpckute ocobeHocTn. MNpeanaraMm Ha mar. UHX.
Onmntbp HeHoB HeHoB ga ce npucban obpasoBaTesiHO-HayyHata CTeneH ,/A0KTop*
Nno Hay4yHata crneuuwanHocTt: WVIHopmaTtika, B o6nact: 4. T[lpupogHW Haykw,
mMaremaTtvka 1 nHdopmaTuka, npodecnoHasiHo HanpasneHuve: 4.6. MHopmaTtmka 1
KOMMIOTbPHN HayKW.

Jdarta 14.04.2026 . 3roTBun peueH3uaTa:
(npodp. gmH aHn CTamoB)



Mn-gus ~UC4'09Zj 2.9 012.026r-

REVIEW

on a dissertation for "Doctor of Philosophy" degree
Author of the dissertation: Dimitar Nenov Nenow

Dissertation topic: “Modeling genetic algorithms with time series in the study of the
operation of photovoltaic systems for autonomous power supply of household users
(in southeastern regions)”.

Reviewer: Prof. Gani Trendafilov Stamov, DSc.

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

The development of intelligent autonomous photovoltaic systems is associated with
solving a number of current problems, one of which is the reliable forecasting of their
operation under variable conditions. The operating parameters of these systems are
recorded as short, non-stationary, and noisy time series containing structural
changes caused by changes in the mode of operation and the external environment.
The use of algorithmic approaches independent of asymptotic assumptions,
eliminates the limited effectiveness of classical statistical methods for this type of
data. The chosen topic is particularly relevant at the current stage of developing
intelligent autonomous photovoltaic systems, as modern methods /genetic
algorithms, fuzzy set theory, evolutionary optimization/ and solutions are applied,
which in turn ensure sustainable forecasting under nonlinearity and uncertainty of
work.

The developed algorithms for clustering groups of short time series through
hierarchical agglomerative clustering, resilient to weak cluster separability, and
universal predictive models for short time series demonstrate achieving high
accuracy in the design of autonomous photovoltaic systems.

2. Level of knowledge of the state of the problem

The PhD student has conducted a detailed literature review. He has studied a total of
157 literary sources, 149 in Latin script and 5 in Cyrillic, and the rest are internet
addresses. The way the literature sources are interpreted shows that the PhD
student is familiar with the current state of the research problem. Based on the
conducted studies on the topic, the PhD student has correctly identified the objective,
problems, and research tasks.



3. Correspondence of the chosen research methodology and the set goal and
tasks of the dissertation with the achieved contributions.

The goal of the dissertation is the development of models and algorithms for
forecasting short time series describing the operation of small autonomous
photovoltaic systems for supplying household consumers, taking into account the
climatic and geographical features of the studied objects, through the use of tools
from fuzzy set theory and genetic algorithms.

To achieve the set goal, several tasks have been formulated:

1. To analyze the applicability of methods from fuzzy set theory and evolutionary
optimization (including genetic algorithms) in building regression and multi-criteria
models for time series forecasting.

2. To investigate and compare methods for identifying structural transformations in
groups of short time series, based on cluster analysis and phase analysis, in the
presence of non-stationarity and noise.

3. To develop an integrated methodology for analyzing and forecasting short time
series, combining fuzzy modeling and evolutionary optimization.

4. To develop a regression forecasting model with uncertainty estimation, based
on fuzzy regression with asymmetric parameters and a genetic algorithm, applicable
for forecasting and optimizing electricity consumption patterns.

5. Develop an algorithm for identifying structural transformations in groups of short
time series related to the operation of photovoltaic systems through clustering using
fuzzy methods, taking into account climatic and geographical factors.

6. Develop an algorithm for clustering groups of short time series using hierarchical
agglomerative clustering, robust under low cluster separability and applicable for
detecting structural changes.

7. Develop a universal forecasting model for short time series under uncertainty,
based on second-type interval fuzzy sets and genetic algorithms, aiming to achieve
high accuracy in the design of autonomous photovoltaic power plants.

For each of the tasks identified for solving in the presented work of 151 pages, a
research methodology has been created, for which a suitable mathematical method
has been chosen, with v/hich the solution is achieved according to pre-justified and
selected criteria. Thus, the chosen mathematical methods correspond to the set goal
and the identified tasks to be solved in the dissertation, photovoltaic power plants.

4. Analytical characterization of the nature and assessment of the reliability of
the material on which the contributions of the dissertation are built.

Different official and accessible sources have been used to collect empirical data
(comparison of major battery technologies, solar energy potential of Bulgaria, etc.).
These sources are representative, accessible, and fully sufficient for conducting
observations, experiments, and statistical analyses. The demonstrated skills in
working with this type of information, such as timeliness, source verification, and



handling of the relevant documents, show a deep understanding of the problem area
and appropriate interpretation for the purposes of the dissertation.

5. Contributions of the dissertation work

A. Scientific-applied and applied contributions in the dissertation:

1 An integrated methodological framework has been developed for the analysis
and forecasting of short time series in the presence of uncertainty, non-stationarity,
and a priori information, applicable to autonomous photovoltaic systems.

2. A systematic analysis of the operation of an autonomous photovoltaic system
has been carried out, based on measured time series, demonstrating the influence of
geometric, structural, climatic, and operational factors on the dynamics of electricity
generation and consumption.

3. An algorithmic approach has been proposed for identifying structural
transformations in groups of short time series, based on fuzzy clustering and a
comparative analysis of the cluster structure at different time scales.

4. A regression predictive model with uncertainty estimation has been developed,
based on fuzzy regression with asymmetric parameters and a genetic optimization
algorithm, allowing reliable forecasting with noisy and short data.

5. An algorithm for clustering short time series has been created, based on
hierarchical agglomerative clustering, which provides robust detection of structural
changes in case of weak data separability.

B. Applied Contributions

1. An experimental study of an autonomous photovoltaic system has been carried
out. The influence of factors on structural changes in short time series of electrical
parameters has been determined.

2. A universal predictive model has been developed, based on interval type-2
fuzzy sets (FOU) and genetic algorithms, providing increased prediction accuracy
with acceptable computational complexity.

C. Approval
The results of the dissertation have been presented at 3 scientific conferences:

1. XXVI National Conference with International Participation "ENGINEERING
AND NATURAL SCIENCES - 2025", in Sozopol, June 21-22, 2025.

2. ICEST 2025, 60th International Scientific Conference on Information,
Communication and Energy Systems and Technologies, Ohrid, June 26-28, 2025.

3. FQAS 2025, International Conference on Flexible Query Answering Systems,
Burgas, September 11-13, 2025.



6. Evaluation of publications related to the dissertation

The main achievements and results of the dissertation are published in 5
publications, 1 of which is independent. Four of the publications are indexed and
refereed in the SCOPUS database. Four of the publications were made in 2025 and
one in 2024, which indicates increased publication activity on the dissertation topic
during the last year of preparation for defense.

The following is a brief description of the publications:

1. The work “Forecasting Models and Genetic Algorithms for Researching and
Designing Photovoltaic Systems to Deliver Autonomous Power Supply for Residential
Consumers” investigates the most effective photovoltaic system based on the
technical characteristics of SB and AB. It has a direct connection between SB and AB
and ensures almost full utilization of the installed capacity of the solar panel with
variable orientation towards the Sun. The article was published in the journal Applied
Sciences Switzerland, (2025)15(9), 5033. According to the journal evaluation system
SJR provided by the Web of Science database, the scientometric indicators are as
follows: SJR 0.521, H-index 162, and quartile Q2.

2. The article "Semantic Model and Architecture in Inframobility System" is
dedicated to issues regarding the development of architecture and model for building
an informational mobile system oriented towards services, which improves the quality
of user service through the use of open data and services in travel planning.

The article is published in the journal Wseas Transactions on Systems, 2025, and
from the Web of Science database journal evaluation system SJR, the scientometric
indicators are as follows: SJR 0.179, H-index 29, and quartile Q4.

3. The work "Modeling based on Neural Network Learning for Object Recognition in
Automated Systems" is related to the application of the Levenberg-Marquardt method
for building a feedforward neural network using the capabilities of a graphics
accelerator. The model also generalizes and proposes a new algorithm for training
neural networks with Bayesian regularization, Nguyen-Widrow initialization, and early
stopping and control method. The article is published in the journal Wseas
Transactions on Systertis and Control, 2024, with the following scientometric
indicators: SJR 0.215, H-index 29, and quartile Q4.

4. The article "Algorithms for Time Series Forecasting in the Design of a
Photovoltaic System for Powering Small Objects"” was published in the proceedings
of the 60th International Scientific Conference on Information Communication and
Energy Systems and Technologies ICEST 2025, indexed in the SCOPUS database.
This article proposes approaches for forecasting the performance of small solar
photovoltaic installations by identifying structural transformations in groups of short
time series. Tools for indefinite and hierarchical clustering are proposed.



5. The work “Analysis of Solar Energy in Bulgaria By Designing Photovoltaic
System for Autonomous Power Supply of Household Users” was presented at the
XXVI-th International Conference on Engineering and Natural Sciences, accepted for
publication in the conference proceedings, but at the time of writing this review it has
not been published, and therefore | will not review it.

For the publications mentioned above, 4 citations have been found in
independent sources. Considering that the cited works were published less than a
year ago, it is evident that there is interest from the scientific community in the
obtained results. This makes the doctoral student recognizable in the field in which
they work and significantly increases the significance of the thesis topic and the value
of the achievements reflected in the developments.

On the other hand, considering the editorial policy of the journals in which the
publications were made, | accept that the dissertation candidate's participation in the
developments is equivalent to that of the other co-authors. Obviously, the scientific-
developments also have significant practical value, as many of them are the result of
various studies under real industrial conditions. Some of the publications can also be
seen as driven by production needs, which is evidenced by the candidate's
professional experience in the industry. | consider that the compliance of the abstract
with the requirements for its preparation, as well as the adequacy of reflecting the
main provisions and contributions of the dissertation work, has been achieved to a
sufficiently good degree.

7. Recommendations and remarks

Essentially, | have no particular comments on the work of the PhD candidate. My
recommendations are mainly related to continuing research on the chosen topic. A
pleasant impression is left not only by handling serious databases, systematizing,
summarizing, and using them for the specific purposes of the dissertation, but also by
the discovery of new scientific areas for the development and application of the
achieved results.

Conclusion:

The doctoral student presents a completed scientific work with achieved
scientific-applied and applied contributions, which are useful in the operation of small
autonomous photovoltaic systems for powering household users, taking into account
climatic and geographical features. | propose that Mag. Eng. Dimitar Nenov Nenov
be awarded the educational-scientific degree "Doctor" in the scientific specialty:
Informatics, in the field: 4. Natural Sciences, Mathematics and Informatics,
professional direction: 4.6. Informatics and Computer Science.

Date 14.04.2026 Prepared the review:
(Prof. DSc Gani Stamov)



