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PEILEH3USI

’ AMCEPTALIMOHEH TPyl 3a MpHl00uBane Ha oOpa3oBarTesiHa U HayyHa cTereH ,,JokTop* B
npodecuonanto nanpasnenue 5.3 KoMmyHuKannoHHa u KOMITIOThbpHA TEXHHUKA 110 Hay4YHa
CHeUHATHOCT ,, ABTOMATH3MPAHH CHCTEMH 3a 00paboTKa Ha HH(OPMALMS | yTIpaBiIeHHE"

ABTOp Ha MCEPTALHOHHUS TPy Mar. uusk. Makep Anranos SIxos
ABTOp Ha PENEH3HATA: PO, 1-p HHK. ATanac BeakoB ATanacos, XTMY-Codnun

Tema na qucepranmonsus Tpy: ,, M3caeBane Ha Bb3IMOKHOCTHTE 32 pa3paborBaHe Ha
APXHTEKTYpa 3a 00paboTka Ha HHPOPMALMS B HHIYCTPHITA OT CJIeBANIO MOKOJIeHHE"

1. Axryananocr na pazpa6oTBanus B AHCEPTAMOHHHS TPYA Npobiem

HactosiuuusT ancepraumonen Tpya e CBEP3aH ¢ H3KIKOUUTETHO aKTyaHHTE MPOGIEMH 10
AMTHTAIH3ALIASA 1 aBTOMATH3ALIHS B OPAHKEPHHHOTO 3eMe/le/IHe B ChOTBETCTBHE ¢ IapajirMara
na Unaycrpus 4.0.

Bblpekn nanpebka B aBToMaTH3AMMATA B PA3JIMUHHTE OTPACIH HA CEJICKOTO CTOMAHCTRO,
OPaHXEPHHHOTO [POU3BOACTBO € II0CTABEHO IIPe]l CEPHO3HM MpE/M3BUKATEICTBA M
HEOGXOMMOCT OT ajanTallus KbM HOBHTE pearHOCTH. B ocHoBaTa ma arpo-tpancdopMmarusta
JICKAT MHOTO CHENHAIHH W KPHTHYHH (DAKTOPW, KOMUTO HMAT INPAKO BB3JACHCTBHE BLPXY
CKCTHEBHUS HHU JKMBOT, @ HIMCHHO JleMorpackara Kpu3a, HaMaJLSIBALIIATE TIPUPOHNA PeCypeH,
KIIHMaTHYHHTE IPOMCHH H OTPOMHMTE KOJIMYECTBA XPAHHTEIHH OTHAIbIH.

B sncepranmonus tpy i e paspaboTeHa HHTErpUpaHa CHCTEMA OT OPAHIKEPHH, H3MON3BaLLA
npunuunute Ha Mugycrpus 4.0, Upes Hes ce nosumasa onepaTHBHATa eEKTHBHOCT,
Ka4eCcTBOTO, yCTOH4YMBOCTTA, M oOmeHa Ha MH(pOpMauHs Mexly opaHkepuute. CucTemara
ONTHMH3HPA B3EMAHETO HA PELICHHUS, Pa3NPE/ICICHHETO HA PECYPCHTE H HAMAJISBAHETO HA PHCKA
B CCICKOCTOMAHCKHTE npakTuk. KaTo M3noisBa uu(ppoBHTE TEXHOIOIMH M aBTOMATH3ALIUATA,
npeanokeHaTa cucrema rpeutara  obewlaBaiy  TEPCIEKTHBH  3a  TIOBHILABAaHE HAa
MPOM3BOTHTENIHOCTTA, OlIa3BaHe HA PECYPCHTE H YCTOWYHBOCT B OPAHKEPHIHHOTO 3eMeIeITHE.

PaspaGorenute B iucepTalMOHRNS TPY I AJITOPHTMH, MOJEIH H PEIICHHS MOTAT JIa HAMEPST
TNPHJIOKEHHE B Pa3/iiiHK 00JIaCTH M CEKTOPH HA ChBPEMEHHATA MHILY CTPHS,

2. Crenen Ha 103HABAHE HA ChCTOSHIETO Ha 1PO6/1eMa M TBOPYECKA HHTEPIPETALNS
HA JIATEPATY PHHS MaTepHal

B ananntianns 0030p Ha JMCEPTANMOHHMS TPYA, AOKTOPAHTBT € pasriejal MIHPOK
CMEKTBP OT TEMH, CBBP3aHU ChC CEH30PHUTE TEXHOJIOTHH, CHCTEMUTE 3a YIIPABJICHHE, AHAIIN3 HA
J@HHH, KOMYHMKAIMOHHH TIPOTOKONIH M IrOPMTMH 33  ONTHMH3AUHS, CBBP3AHK C
aBTOMATH3alMATa Ha opatxepuuTe. OUCHEHHM ca CHJIHMTE CTPAHH M OrpaHHYEHMATa Ha
CBHUICCTBYBALIMTE PCIICHUA B MHOKECTBO M3MEPEHHS, BaPHPAIIH OT TeXHHUYECKA ePUKAaCHOCT U
MamabupyemMocT 1o peHTabHIHOCT M yI00CTBO 3a notpedburens. Ha ocHoBaTa Ha KpHTHYeH
AHAJIM3 HA MHOXECTBO JIMTEPATYPHH U3TOYHMIIM Ca PA3KPUTH TEHJAEHLIMUTE, MOJICIIUTE H HOBHTE
NapaaurMu B 00J1aCTTa, KaTo ca ONpeAeieHH NPeJnMCTBATa U HEA0CTAThIMTE HA HACTOSIIHTE
INOJIXO/JH 3a apToMaTruialMsra Ha OpaHKECPUHUTE.

AHQIN3BT paskpuBa, ye B 00JaCTTa HA ABTOMATH3WPAHUTE OPAHKEPUHHH CHCTEMH ce
TpUIaraT MHOXECTBO TEXHOTOTHYHH HHOBALMH, CBBP3aHH C 110/J00psABAHETO HA MOHHTOPHHIA HA
KYJTYpUTEe, KOHTpOJA Ha K/IMMara M YNpaBJIEHHETO Ha pPECypcuTe B OpaHKepuiiHa cpena.
EaHoBpeMHEHHO € TOBa TpPOABIIKABAT /1d CHIIECTBYBAT MPEJH3IBUKATENCTBA W INPOOIEMH,
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CBBP3aHH C ONEpaTUBHATA CHBMECTHMOCT, YS3BMMOCTH B 007acTTa Ha KMOEpPCHTYpHOCTTA M
HCOOXOAMMOCT OT CTaHAAPTH3MPAHH MPOTOKONM M uutepdeiic. Ocsen ToBA pasnuuMsTa B
CTCIEHTA HA NPHEMAHE M TEXHOJOIMYHATA IOTOBHOCT MPEACTABIABAT NpevKa 3a HIMPOKOTO
BHEAPABAHE W BB3IIPHEMAHE HA ABTOMATH3NPAHH OPAHIKEPHHHN peLleHus,

3a orkpuBaHe Ha npodaeMure M (OpMyIMpaHe Ha LENMTE AOKTOPAHTHT € HalpaBuJI
KPHTHYCH aHa/M3 Ha pas/IMYHUTE (M1€T) HUBA Ha aBTOMaTH3alMs, (OPMUpPALIH THpaMKuJaTa Ha
ABTOMATH3aLH B €IHO NPEANPHATHE WKW HHYCTPHS, KAKTO 1 Habopa OT 3a/a4u ¥ AeHHOCTH U
[T undpacTpykrypa, CBbp3aHH ¢ BCAKO €IHO OT Te3H HUBA. AHAJIM3MPAHH Ca NPEAHMCTBATA U
HEJ0CTATbUMTE HA HAH-TIONY JIAPHUTE HHLY CTPHATHI KOMYHHKALMOHHH POTOKOJIH, KOUTO MOTaT
Ja ce OTKPHST B [MOYTH BCHYKHM CHCTEMH, € Orjejl Ha u3bupaHe Ha HaH-MOAXOSILMTE 3a
aBTOMAaTH3HPAHHTE OPAHKEePHIHK cucTemMn. Pasrieanu ca paznukure Mexty obinaunure (cloud)
M KpaiiHute (rpaHuynn edge) - OasupaHuTe pelieHHs 3a LEIHTE HA U3IPAKIAHETO MOJEPHH,
KOMYHHMKHPALIK CH aBTOMATH3MPAHU OPAHIKEPHH.

Ot ananntuynus 0630p B IbpBata rjiaBa Ha JMCEPTALMSTA € BUJHO, Y€ JOKTOPAHTHT
OTJIMYHO MMO3HaBa pobiiemuTe B 06,1aCTTa HA ABTOMATH3ALMSATA HA OPAHKEPUH U JEMOHCTPHpA
BB3MOIKHOCTH 3 TBOPYECKA MHTEPIPETAIINS Ha U3IIOJI3BAHUS MaTepUall.

3. CoorBercreue Ha H30paHATA METOAMKA HA H3CJE/BAHE ¢ MOCTABEHATA LEJd M
321240 HA JHCEPTALMOHHHUNA TPY/L

Llenra Ha aucepralMOHHMS TPyX CBbpP3aHa ¢ paspaboTkaTta Ha 06G0OLIEH AW3aiiH
APXMTEKTYPa Ha TEOPETHYHO O00OCHOBAHA CHCTEMA OT B3aHMOCBBP3aHH KOMYHUKMpAIH
OpaHKepHH. 3a J1a ce MOCTUTHE LEeNITa Ce PA3rIekIaT i AHAIM3UPAT ChIIECTBYBALLUTE B MOMEHTA
aBTOMAaTH3MPaHH TMPOAYKTH 33 OpPAHKepUHHO [IPOM3BOJICTBO, H3MOJI3BAHH B arpapHara
HHJIYCTPHS M C€ ONPEICIiT Bb3MOKHH 110100penus. [IpeacraBena e u3isaio HoBa METOA0JIOTHS
3a chOMpaHe, chbxpaHenue W obpaborBane Ha WHOpMalus, Ha Ga3aTa HA €AHHHA CHCTEMa OT
CBBP3aHH U KOMYHHKHPALIH OpaHKEPHH.

[lpu cunTesa Ha ynpaBieHHETO Ha OPAHXKEPHATA € NPUIOKEHO MOJETHO MPEACKa3BaIlo
ynpasnenne (Model Predictive Control) 3a ontumaino peryiupaHe Ha MHKpPOKIMMATa B
OpaHIKEepHUsITa, OCHIYPSBALIO NPABHIHO YHPABICHWE HA €HEPrUiHHUTE M BOJHMTE MOTOLM 34
HanosiBaHe, H3KYCTBEHO ocBeT/ieHHe, oborarasane ¢ CO2, wuicymasaHe, BEHTH/IALUS M
OTOIJIEHWE W JpYrd MPOMEHIMBHM B cpelarta. Cb3Ja/ileHH ca ChINO Taka ¥ 00LM MOJENH 3a
YNPABICHUE H €MYyJIAllKMs HA THIIMYHH NAPHUKOBH €HEPruiiHu cucTeMu. M3rnon3pann ca MeTo
Oasnpanu Ha e/IMHEH JM3aiiH HA TEOPETHYHO OOOCHOBAHA APXUTEKTYPA 32 CBHP3AHH OpaHKePHH,
C LE/ KOMYHHKAalMs M M3rpaXK/laHe Ha npeBaHTHBHM Mepku. C wes npejoTsparsBaHe Ha
MHUHJICHTH Ca H3MO/I3BAHM METOJMTE HA OLICHKA HA PHCKA W HA [POTHOCTHYHMS aHAJM3 M
npeBaHTHBHaTa noaapwikka (Predictive Analysis & Preventive Maintenance). Ilpunoxenu ca
MHOXKECTBO METOAM 3a OLCHKA Ha KuOepcurypHocrra Ha cuctemurte. IIpu paspaborkara Ha
ApXMTEKTypaTa Ha CHCTEMaTa ca NPUJIOKEHH HTepaTHBHUTE MeToosorun Agile, Kaizen u sip. C
€1 MPOyUYBaHe HA YIOBJICTBOPEHOCTTA H HarjacuTe Ha OBJCUIMTE [10J3BATEIM HA CHCTEMATA €
H300/13BaH KauecTBeHHst MeTo/l Pokyc rpyna (Focus group), KoiTo € WIMPOKO H3MOI3BAH B
MapKeTHHTa.

W3bpanute MeTo/ua 3a M3BBPLIBAHE HA HAY YHUTE U3CIIEBAHMS W CHMYJIALAM CHOTBETCTBA
HAIIBJIHO HA [IOCTABCHHUTE LIEJIU U 3a/1a4H B JUCEPTALMOHHUS TPY 1.

4. XapakTepHCTHKH HA AMCEPTALHOHHHS TPY/L

Ilpencrasenuar quceprauonen tpya e ¢ obem 191 crpannuu. B Hero uma srimouenn 23
Tabnuumn, 87 durypu u 11 rpaguku. CHHCHKBT HA W3NOJ3BAHATA JTeparypa BkInousa 92
JMTEPATYPHU M3TOYHMLHM, OT KOMTO 23 uuTepHer-Oazupanu. Beuukure M3TOYHMIM ca Ha
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AHTIIHACKH e3uk u camo 18 ca ot npesu 10 rommun. Octanature ca B nepuoja 2014-2023r., xarto
TOBEYETO OT TAX Ca OT MOCIE/HHTE 5 TOAMHH.

CrpyKTypaTta Ha JHCEPTAlMOHHHMS TPy BKJTIOYBA OGEKT, Uei M 3a1a4¥ M METOAM Ha
AMCCPTALMOHHUS TPYJl, BbBEJACHHE, YCTUPH [IABH, CIIUCHK C TIPHHOCH, CIIUCHK ¢ MyOIHKAIMUTE
Ha JIMCePTaHTa U CIIUCHK Ha [10/13BaHATA JIHTEPATYpa.

B mbpBa ri1asa e npejicTaBen KpuTHYeH aHAIN3 Ha HUBATa Ha aBToMatw3auus (Field Level,
Control Level, Supervisory Level, Planning Level, Management) 3a u3rpaxane Ha ChbBpeMEHHH
HHIYCTpUAIHH cucTemHu, Pasrnenanu ca npeammcrBata M HEJOCTATBUMTE HA  HAii-
PaslpOCTPAHCHNTE  MHIYCTPHATHH [POTOKOJIH, H3TO3BAHETO Ha oOOJaunu  H  Kpaiinu
H3UHCIHTEIHN TEXHOIOTHH W KHOEPCHTIYPHOCTTA 32 M3rpaX/IaHe Ha ChBPEMEHHM pasmpe/IeIeHH
(M HepapXuyHH) aBTOMATH3MPAHM CHCTEMH, KAKTO € HANPABEH M AHATM3 HA HAM-MOLCPHHTE
peienus B 00/acTTa HA OpaHIKEPHHHHTE CHCTEMH KAaTO XHPONOHHKATA, AKBANlOHHKATA,
AEPOIIOHUKATA U COJIAPHHUTE CHCTEMHU.

BbB BTOpa r71aBa e npeuiokeH HOB MOJIEN 3a ONTHMH3ALIMSITA HA KJIACHYECKUTE CHCTEMH 3a
ABTOMATH3ALUA, HW3MOM3BAHK B (IAPHUKOBUTE EHEPrHIHHM CHCTEMH) OpaHKEPHUTE, upe3
TPHJIAraHeTO Ha yCHLBBLPUICHCTBAaHU crpareruu, kato Model Predictive Control (MPC). 3a
[IOBHLIABAHE HA MPOM3BOJMTEIHOCTTA HA CHCTEMATa, Oe3 1a ce Hanarat (PU3HYECKH TIPOMEHH B
ChLUECTBYBAlaTa MH(PAcTPyKTypa, € u3non3BaHa o6oblieHa cTpaTerust 3a [MpescKa3Baill
KOHTpOJI. B riiaBara e nanpaseno eMIMpuyHOTO BaManpane Ha anropurbma na MPC B ciioknarta
W JIHHAMHYHA Cpe/la Ha OpamHKepHsiTa Ha 03HOBATA HA CHMYJALUMH BbpPXYy, paszpaboTeH
MPOTOTHIEH CTEHJ, HMHTHpall Maim@aba Ha CTaHJapTHa ThPrOBCKA pacTeXkHa KaMepa.
CumynanuuTe MOTBBPK/ABAT ePEKTHBHOCTTA Ha TIPE/IO/KEHATA CTpaTerus, KaTo JeMOHCTPHpAT
HEHHMTE NpPEIMMCTBA [0 OTHOWIEHHE HA TOYHOCT M YCTOHUMBOCT B CpaBHEHHE C
konseHunonannure MPC metozonoruu. Upes npoekthpane Ha METOIH 3a yHPaBACHHE, KOHTO
MHHUMH3HPAT esieBa QyHKIMS, I0I4HHEHA HA OFPAHHYEHHS 3a ONPE/IEeH BPEMEBH XOPH3OHT,
MPC npeanara cucremariuen u M3npeBapBaul MOAXOJA KbM YIPABJICHHETO HAa KIMMATa B
OpaHKepUHTE.

B 1tpera rnasa ca m3cneaBaHd BB3MOKHOCTHTE 3a M3rpaKIaHe HA eQMHHA CHCTEMA 3a
cobupane, obpaborane u anamusupane Ha HHQOPMAUMS C el nojodpsBaHe Ha
[IPOM3BOAMTEIIHOCTTA M IIPOAYKTHBHOCTTa Ha arpapHd npeanpusitus. Hampasenu ca
[E/ICHACOUCHH W3CNIEBAHMSA, 3a Jla Ce HM3rpalu eJIMHHA apXWTeKTypa 3a chOupaHe H
onTHMM3Mpana oOpaboTka Ha wuHpOpMAnMs, JaBamia  BB3MOXKHOCT HA KOMIAHHH |
IPOHU3BOJICTBCHH TPEANPHATHS B CBETOBEH Malad /a MOCTHIHAT [10-T0JiAMa T'bBKABOCT W
MOBHIICHA NMPOAYKTHBHOCT C MO-KPATKH CPOKOBE Ha M3MbBJIHEHHE W M0-HUCKA ceGecToHOCT Ha
KpaiHUs IPOLYKT.

Ipeutokena e apXUTEKTYpa OT Mpeka OT B3aMMOCBBP3aHH OPAHKEPHH, BCAKA OT KOHTO €
obopynBana ¢ yChBbPIIEHCTBAHNH CHCTEMH 3a HAOMIO/EHHE, KOHTPOJ H npeBeHins. O6nadnuTe
CHCTEMH HIPAsT BakHA POJsi B apXMTEKTypara, KaTo OCHIypsiBAT I'bBKABH W MallabupyeMH
BL3MOKHOCTH 3@ CbXPAHEHHE M H34HCiIeHMA. Upe3 BKIIOYBAHETO HA YACTHH, NyOIHYHH,
XHOPHAHH W MynTHOOJIAYHM CpPeM ONMEPAaTOPUTE HA OpAHKEpPHH MOraT Ja H3NOJ3BAT
NPEJIMMCTBaTa Ha BCEKH MOJIEJ1.

B uerBbpra riaBa ca NpeIONKEHH TOMNOJOIUSATA, apXMTEKTYpata M alrOpHTMHTC Ha
obe/MHeHaTa CHCTEMa 3a ABTOMATH3ALMS Ha OPAHIKEPHIHH CHCHTEMH,BKITFOBAIIA KOMITOHEHT 32
ChOMpaHe W aHaIM3 HAa JAHHH; CHCTEMa 3a MOJNOMAraHe B3EMAHETO HAa PELICHHS, KOSITO
00paboTBa chOpaHUTE JIAHHH, H3BLPIIBA AHATH3 M FEHEPHPA NPENIOPHKH H PELIEHHS Bb3 OCHOBA
Ha NPEABAPUTENHO 3a/1aleHH NIPABUIIA, AITOPHTMHU U IPHOPHTETH H OTPEOUTEICKH HHTEp]EiiC.



Ilpu wmsrpaxpanero Ha cucremara ca usnoa3suu RAMS u FMEA ananusure. RAMS
AHATM3BT TapaHTUPa, Y€ CHCTEMATa e MOJKE Jla M3ITb/AHABAa CBOMTE (YHKIMOHAIHOCTH B
cheTosHMe Ha Bucoka HajgexaHocT (Reliability), moctosnia namuunoct (Availability), necna
nopapwkka (Maintenance) u npeasaputenso aepuumpana Gesonacnocr (Safety). FMEA
anamu3sT (Failure Mode and Effects Analysis) e cucremaTiyeH noJaxoi 3a MAEHTHOULUPAHE 1
[peI0TBpaTsBaHe Ha MOTCHUMAIHY OBPE/IM B J1a/IeH NPOLEC, NPOYKT WIH CHCTEMA, MpeH Te
J1a ca Bb3HHKHAIH, 3a aHaiu3a, pazpaboTKaTta U [0UIPHKKATA HA CHCTEMATa ¢a H3I10J3BaHH Olle
1 6u3Hec MozaeabT Kanasa, panuure ocunosutesn (Early adopters), kakro u PDCA, DMAIC,
Lean, KAIZEN u Puck u SWOT ananusure.

5. Hpunocu B AHCEPTANMOHHHUS TPY]

[IpuemMam BCHUKHM 3asBEHH OT JIMCEPTAHTA NPUHOCH, KOMTO TOM e Qopmyimpal Karo
HAay4HHM, HAYYHO-NPHJIOKHM M HPWIOKHH. llpuHOCHTE CBOTBETCTBAT Ha MOCTABEHUTE B
JUACEPTALHS 1E/IH ¥ Ha OCTHIHATHTE pe3yJITaTH.

HayuHuTe NIPHHOCH €A CBBP3AHH C:

- M3uepriatesieH aHaIN3 Ha TEXHOJIOTMHUTE 38 ABTOMATH3ALMATA B arpapHOTO NPOM3BOJICTBO,
Karo CEH30pH, 3aJBIKBALIM MEXAHM3MH, CHCTEMH 3a YIpaBJICHHC M KOMYHHKALMOHHM
IPOTOKOJIH.

- PaspaborBare Ha o0LIM MOJIENIM 3a aBTOMATH3ALMS W YIIPABJIEHHE HA aBTOMATH3HpaHH
OpaHKXEPUHHH CHCTEMH.

- Ilpepioxkenne na MPC crpaterusi 3a rlaHupaHe Ha eHepruiHaTa CHCTEMa [pH
OpaHKePHH.

- Unentudunupade Ha ObJelM HACOKM 3a HAy4yHH H3CJC/ABaHMs, CBBp3aHH C
YCbBBLPUICHCTBAHH AJIFOPHTMHU 33 ONTUMM3MPAH PacTek Ha PACTCHHATA M Pasnpe/IeieHHE Ha
pecypcure.

Hay4no — npHIoKHHTE PHHOCH ca:

- AHAN3 Ha IPEM3BUKATEICTBATA B H3IPAXKJIAHETO HA aBTOMATH3MpAHa OpaHXepHiiHa
CHTEMA, Ype3 WACHTH(ULHPAHE Ha CI0KHOCTTA HA YNPABJICHHETO HA CUCTEMATA, BKIIOYHTEIHO
pa3ro3HaBaHe Ha HEJIMHEHHOCTTA B IMHAMHUYHHTE CHCTEMH.

- Warpaane Ha 1uiaH 3a MpHeMaHe Ha ChbBPEMEHHH TEXHOJIOTHH 3a yNpaBJIeHHE.

- Ujentuduumpane Ha OrpaHHYCHHMSTA HA CHCTeMarta, KaTo HeoOXoaumocTra OT
eKCHEPUMEHTAIIHO BajlMJMpaHe, M3I0I3BAHKKM [0/1y3aTBOPEHa OpAaHMKEpHsl W OrpaHHyeHaTa
IPO/TBJKUTETHOCT.

- LlanocTen HanpebK B o61acTTa Ha oparkepHitnuTe cuctemy - [peocrassite Ha MoJieny,
JIEMOHCTPUpaHe Ha 1o ApoOHH MPOLIEY PH 3a IIPHIOKHMOCTTA HA CTPATEIHHTE 3@ aBTOMATH3ALHS.

- Azantupade Ha utepaTHBHE Metojonorun (Agile, Kaizen) - Mrepatusno paspaborsate,
HEIPEKBCHATO YChBBHPIIEHCTBAHE U e(PeKTHBHO pelliapaHe Ha I1podiemMH.

[IpuaoxkuuTe NpUHOCH ca:

- PazpaboTBane Ha cUCTEMa 3a OMpe/IelITHE Ha HUBOTO HA @BTOMATH3ALIKSA, KOSTO IO3BOJIsBA
Ha ONepaToOPHTE HA OPAHIKEPUH /1a OLEHAT HACTOSAUIOTO HUBO HA aBTOMATH3ALIUS, /1a OIPEeIesAT
ONTUMAIHOTO HHBO H /14 MMOJIyYaT NPENopbKH 3a NPE0/1011BaHe HA pa3JinKaTa.

- [Ipeuioskene Ha cucteMa, (okycHpaHa BBPXY Cb3/[@BaHETO Ha Mpexa oT
aBTOMAaTH3UPAHHU OPAHKEPUH, KOUTO Jla KOMYHHKHPAT ITOMEXKTY CH.

- PetaBane Ha NpaKTHYECKUTE NPEAH3BUKATE/ICTBA [IPH [IPHJIAraHETO HA aBTOMATH3ALHS H
npuioxenne Ha MPC cuctema npu apromarusamus - Maentnuimpane n npakTHYeCcKu peileHus
HAa TNpeJM3BUKATE/ICTBATA NPH NPUIAraHETO Ha AaBTOMATH3MpPaH KOHTPOJ, BKIKOYHTETHO



ChOOPaKEHHS 32 PEaKIHs B Peaino Bpeme, H3Gop Ha aThopMa U OrpaHH4YeHNs Ha Xap/lyepHHTE
CHCTEMH H €3MIIMTE 3a NPOrpaMHpaHe.

- Hacoku 3a unrerpauns Ha MHOBATHBHM TEXHOJOMHHU - IIpenopeku 3a oneparopute Ha
OPAHKEPHH 34 MPHEMAHE Ha yCHBBPLICHCTBAHH TEXHOJIOTHH 34 yIpaBJeHHe.

- Paspabotka na Mozien 3a ekcriepiuMeHTH | TecToBe.

6. Ouenxa 3a cTemeHTa HA JINYHOTO Y4ACTHE HA AHCEPTAHTA B NPHHOCHTE,

Cunram, ye HaNPABEHHTE H3C/IEABAHMS, CHMYIALIMH U IOy eHHTe pe3yTaTH U NPHHOCH B
Ancepraunonnns Tpy na Mikep Anranos SIXos ca imdno Heroso aeno. Tosa ce noTBbpskaaBa 1
OT ryGiMKauMHTe My, KOMEHTHPAHH B CIeBALIATATA TOUKA.

7. Ilpeuenka na myGHKAUMATE 0 AHCEPTALHOHHUS TPy

OCHOBHHTE PE3yIITaTH OT AMCEPTALMOHHUS TPYJL Ca [IPEACTABEHH B 5 Hay4YHH ITyO/IUKALHH,
HeTHpH o1 TAX ca 10KIaAK B MEXKTyHAPOHH HayYHH KOH(EPEHLIHH, OTIEYATAHH B [IBJIEH TEKCT,
a e/iHa € nyOJIMKaLUs € OTIeYaTaHa B FOAMIIHUKA Ha TY-Codusi. Bbs Bcuuku ny6muxammnre u
AOKJIAATE JIOKTOPAHTHT € IIbPBH CHABTOP C PHKOBOJMTENHTE HA JMCEpTalMATa cu. Ejana oT
ITOCOYCHHTE [10-TOPE YETHPH 1TyOIMKALMK € TIPEICTaBeHa Ha KOH(EPe LA, pedepupana B IEEE
Xplore (Scopus). Bposit u xapaktepa Ha npejicTaBeHuTe MyOaMKallMd ChOTBETCTBA Ha
0OLIONPHETHTE W3MCKBAHUS 3a PA3NPOCTPAHEHHE HA pe3yJITaTH OT HAayYHHTE H3CIICABAHHA.
Hayxomerpuunnre nokasareny nasuimasar JIByKpaTHo, u3uckyemure 3a [TH 5.3,

8. Msmoussane Ha pe3yaTaTHTe OT AMCEPTANMONHHS TPY/ B HAYYHATA U COIHAJIHATA
NPaKTHKA.

Pesynratute or amcepraumsTta nomueprasar TpaHchopMHpalMs  MOTEHIHAN Ha
HpelIokeHuTe  cTpaternd  3a - MPC B 1mpou3sBoACTBOTO Ha  OpaHKepHiiHH  KyJATYpH.
MiKoHOMHYECKHTE MpeMMCTBA U MOBHILIABAHETO HA e(EeKTHBHOCTTA Ha/larat Ja ce mpernopbhya
BHC/IPABAHCTO Ha TasW HOBA TEXHONOrHsA, 0COOEHO KaTo ce MMa NpeaBu npeobiajaBamara
3aBUCHMOCT OT €CTECTBEHATA BEHTU/IALMA H PHYHOTO OBJIAKHABAHE B HACTOSLIMTE CHCTEMU 34
YHPABICHHC Ha oparskepuute. [lpeioxkenute crpaternn wa MPC ocurypsBar HajexiHa
AIITCPHATHBA, KATO aBTOMATH3HMPAT MPOLIECA HA YNPABJIEHHE H HAMAIABAT PUCKOBETE, CBBP3AHH C
prutute HamecH. MPC crpaternute mMoe 1a HaMepsIT NPATOKEHNE B PATHUHH MHIyCTPHH.

9. Ounenxa ua apropedepara Ha AucepTAUHITA

[peacrasenust or nokropanta asTopedepar ¢ B obem or 30 CTPaHHLUM M QJEKBaTHO
OTpasiba LeITa HAa AMCEPTANMATA, PCLUABAHMTE 3a1ayd M MOCTHCHATHTE PE3Y/ITAaTH, KAKTO
fipuHOCHTE Ha J1oKTOpaHTa. OdopmsHeTo Ha aBTOpedepata OTroBaps HA WIMCKBAHHSATA M
npenopbkute Ha TY — Codust.

10. lperropbKkn ¥ KpUTHYHY 3a6eeKKH

Hsimam ocobenn 3abeneskkn KbM auCepTALHOHHIS Tpyd. Toil e opopmen BHHMATENHO M
CTapaTejiHo ¢ BHCOKO HMBO Ha IMPEICTaBsIiHE HA HAYUHHTE M3CIC/IBAHHS W CBHJETEJICTBA 3a
A00pOTO Nno3HaBaHe Ha NpeAMETHATa 00/1acT.

11. 3akmouenne

Kpaiinara My onerHka 0THOCHO ChIBPKAHUETO H IPHHOCHTE HA JMCEPTALMOHHUS TPY/l Ha
Mar. WHK. Mikep Anranos SIXOB € moJioKHTEIHA. JlucepTalMOHHUAT TPy OTroBaps Ha
H3UCKBAHMATA HA 3aKOHA 3a Pa3BUTHE HA AKAJCMHYHHS ChCTAB HA Penybnuka bwiarapus, na



IlpaBuiniika 3a HEroBoTO NpuioKeHue u Ha [IpaBuiHUKa 3a YCIOBUSTA M pejia 3a npujgobuBate
Ha Hay4HH cTenenH B Texnuueckus yHusepeurer — Codus.

["opensnoxkeHoTo Mu jlaBa OCHOBaHHMe ja npenopbuam Ha Ysaxkaemoro Hayuro KYpH J1a
NPUCH/IM Ha Mar. HHK. Mikep Austanos SIxoB oGpasoBareinsara U HayyHa CTENEH ,JIOKTOP™ M0
npodecuonanto Hanpasienue 5.3 KOMyHHKaUMOHHA W KOMITIOTBPHA TeXHHMKA 110 HaydHa
CHELHANHOCT ,, ABTOMATH3HPAHK CHCTeMH 3a 00paboTka Ha nHOOPMALHS U yrpaBieHne™

17.04.2024 r. Peuemsent:..............c.o./i /o

rp. Codus (rmpod. a-p umK. A. ATaHacos)
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1.  Relevance of the problem developed in the dissertation in scientific and applied
science terms. Degree and levels of relevance of the problem and specific tasks
developed in the dissertation.

The current dissertation work is related to the extremely topical issues of digitization
and automation in greenhouse agriculture in accordance with the Industry 4.0 paradigm.

Despite progress in automation in various branches of agriculture, greenhouse
production is faced with serious challenges and the need to adapt to new realities. At the heart
of the agro-transformation lie many special and critical factors that have a direct impact on our
daily lives, namely the demographic crisis, dwindling natural resources, climate change and
huge amounts of food waste.

In the dissertation, an integrated system of greenhouses using the principles of Industry

4.0 was developed. It increases operational efficiency, quality, sustainability, and the exchange

of information between greenhouses. The system optimizes decision-making, resource

allocation and risk reduction in agricultural practices. By using digital technologies and
automation, the proposed system offers promising prospects for increasing productivity,
resource conservation and sustainability in greenhouse agriculture.

Algorithms, models and solutions developed in the dissertation work can find
application in various fields and sectors of modern industry.

2. Degree of knowledge of the state of the problem and creative interpretation
of the literature material.

In the analytical review of the dissertation, the Ph.D. student has considered a wide range
of topics related to sensor technologies, control systems, data analysis, communication
protocols and optimization algorithms related to greenhouse automation. The strengths and
limitations of existing solutions are assessed along multiple dimensions ranging from technical
efficiency and scalability to cost-effectiveness and user-friendliness. On the basis of a critical
analysis of numerous literary sources, the trends, models and new paradigms in the field are
revealed, and the advantages and disadvantages of the current approaches to the automation of
greenhouses are determined.
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The analysis reveals that many technological innovations are being implemented in the
field of automated greenhouse systems related to the improvement of crop monitoring, climate
control and resource management in a greenhouse environment. At the same time, challenges
and issues related to interoperability, cybersecurity vulnerabilities and the need for standardized
protocols and interfaces persist. In addition, differences in adoption rates and technological
readiness represent an obstacle to the widespread implementation and adoption of automated
greenhouse solutions.

To discover the problems and formulate the goals, the Ph.D. student has made a critical
analysis of the different (five) levels of automation forming the pyramid of automation in an
enterprise or industry, as well as the set of tasks and activities and IT infrastructure related to
each of these levels . The advantages and disadvantages of the most popular industrial
communication protocols, which can be found in almost all systems, are analyzed with a view
to selecting the most suitable ones for automated greenhouse systems. The differences between
cloud and edge-based solutions for the purposes of building modern, communicating automated
greenhouses are examined.

From the analytical overview in the first chapter of the dissertation, it is clear that the
Ph.D. student knows the problems in the field of greenhouse automation very well and
demonstrates possibilities for creative interpretation of the material used..

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

The purpose of the dissertation related to the development of a general design and
architecture of a theoretically grounded system of interconnected communicating greenhouses.
In order to achieve the goal, the currently existing automated greenhouse production products
used in the agricultural industry are examined and analyzed and possible improvements are
determined. A completely new methodology for collecting, storing and processing information
is presented, based on a unified system of connected and communicating greenhouses.

In the synthesis of greenhouse management, Model Predictive Control was applied for
optimal regulation of the microclimate in the greenhouse, ensuring proper management of
energy and water flows for irrigation, artificial lighting, CO2 enrichment, drying, ventilation
and heating and other variables. in the middle. General models for the control and emulation of
typical greenhouse energy systems have also been created. Methods based on a unified design
of a theoretically grounded architecture for connected greenhouses were used, in order to
communicate and build preventive measures. In order to prevent accidents, the methods of risk
assessment and predictive analysis and preventive maintenance were used. Numerous methods
have been applied to assess the cyber security of systems. In the development of the system
architecture, iterative methodologies Agile, Kaizen, etc. were applied. In order to study the
satisfaction and attitudes of the future users of the system, the qualitative method Focus group
(Focus group), which is widely used in marketing, was used.

The chosen methods for carrying out scientific research and simulations fully
correspond to the goals and tasks set in the dissertation work.

4. A brief analytical description of the nature and assessment of the credibility of the
material on which the contributions of the dissertation are based.

The presented dissertation has a volume of 191 pages. It includes 23 tables, 87 figures
and 11 graphs. The list of used literature includes 92 literary sources, of which 23 are Internet-
based. All sources are in English and only 18 are from 10 years ago. The rest are in the period
2014-2023, and most of them are from the last 5 years.
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The structure of the dissertation includes the object, purpose and tasks and methods of
the dissertation, an introduction, four chapters, a list of contributions, a list of the dissertation's
publications and a list of references.

In the first chapter, a critical analysis of the levels of automation (Field Level, Control
Level, Supervisory Level, Planning Level, Management) for building modern industrial
systems is presented. The advantages and disadvantages of the most common industrial
protocols, the use of cloud and edge computing technologies and cybersecurity for building
modern distributed (and hierarchical) automated systems, as well as analysis of the most
advanced solutions in the field of greenhouse systems such as hydroponics, aquaponics,
aeroponics and solar systems.

In the second chapter, a new model is proposed for the optimization of classical
automation systems used in (greenhouse energy systems) greenhouses by applying advanced
strategies such as Model Predictive Control (MPC). A generalized predictive control strategy
was used to increase system performance without requiring physical changes to the existing
infrastructure. The chapter empirically validates the MPC algorithm in the complex and
dynamic greenhouse environment based on simulations on a developed prototype bench
mimicking the scale of a standard commercial growth chamber. Simulations confirm the
effectiveness of the proposed strategy, demonstrating its advantages in terms of accuracy and
robustness compared to conventional MPC methodologies. By designing control methods that
minimize an objective function subject to time horizon constraints, MPC offers a systematic
and anticipatory approach to greenhouse climate management.

In the third chapter, the possibilities of building a unified system for collecting,
processing and analyzing information in order to improve the productivity and productivity of
agricultural enterprises are explored. Focused research has been done to build a unified
architecture for gathering and optimizing information processing, enabling companies and
manufacturing facilities worldwide to achieve greater flexibility and increased productivity with
shorter lead times and lower cost. of the final product.

An architecture of a network of interconnected greenhouses, each equipped with
advanced monitoring, control and prevention systems, is proposed. Cloud systems play an
important role in the architecture, providing flexible and scalable storage and computing
capabilities. By incorporating private, public, hybrid and multi-cloud environments, greenhouse
operators can take advantage of each model.

In the fourth chapter, the topology, architecture and algorithms of the unified system for
the automation of greenhouse systems are proposed, including a component for data collection
and analysis; a decision support system that processes collected data, performs analysis and
generates recommendations and solutions based on predefined rules, algorithms and priorities
and a user interface.

RAMS and FMEA analyzes are useful in system construction. RAMS analysis
guarantees that the system will be able to perform its functions in a state of high reliability,
constant availability, easy maintenance and predefined safety. FMEA analysis (Failure Mode
and Effects Analysis) is a systematic approach to identify and prevent potential failures in a
process, product or system before they occur. The Kanava business model, early adopters, as
well as PDCA, DMAIC, Lean, KAIZEN and Risk and SWOT analyzes were also used for the
analysis, development and maintenance of the system.

5.  Scientific and/or applied science contributions of the dissertation.
I accept all the contributions stated by the dissertation student, which he has formulated

as scientific, scientific-applied and applied. The contributions correspond to the goals set in the
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dissertation and the results achieved.

The scientific contributions are:

- Comprehensive analysis of technologies for automation in agricultural production,
such as sensors, actuators, control systems and communication protocols.

- Development of general models for automation and management of automated
greenhouse systems.

- Proposal of MPC strategy for greenhouse energy system planning.

- Identifying future research directions related to advanced algorithms for optimized
plant growth and resource allocation.

The scientific and applied contributions are:

- Analysis of the challenges in the construction of an automated greenhouse system, by
identifying the complexity of the system management, including the recognition of non-
linearity in dynamic systems.

- Building a plan for adopting modern management technologies.

- Identification of the limitations of the system, such as the need for experimental
validation using a semi-closed greenhouse and the limited duration.

- Overall progress in the field of greenhouse systems - Provide models, demonstrate
detailed procedures for the applicability of automation strategies.

- Adaptation of iterative methodologies (Agile, Kaizen) - Iterative development,
continuous improvement and effective problem solving.

Applied contributions are:

- Development of a system to determine the level of automation that allows greenhouse
operators to assess the current level of automation, determine the optimal level and receive
recommendations to bridge the gap.

- Proposal of a system focused on creating a network of automated greenhouses that
communicate with each other.

- Solving practical challenges in implementing automation and applying an MPC system
in automation - Identifying and practical solutions to challenges in implementing automated
control, including real-time response considerations, platform selection, and limitations of
hardware systems and programming languages.

- Guidelines for the integration of innovative technologies - Recommendations for
greenhouse operators to adopt advanced management technologies.

- Model development for experiments and tests.

6. Evaluation of the degree of personal participation of the candidate in the
contributions

| believe that the researches, simulations and the obtained results and contributions in the
dissertation work of Ilker Altanov Yakhov are his personal work. This is also confirmed by his
publications, commented on in the next point.

7. Evaluation of the publications on the dissertation: number, nature of the editions in
which they were published. Reflection in science — use and citation by other authors,
in other laboratories, countries, etc.

The main results of the dissertation work are presented in 5 scientific publications. Four

of them are reports in international scientific conferences, printed in full text, and one is a

publication printed in the TU-Sofia yearbook. In all publications and reports, the Ph.D. student

is co-first author with their thesis supervisors. One of the above four publications was presented
at a conference refereed in IEEE Xplore (Scopus). The number and nature of the publications
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presented corresponds to the generally accepted requirements for the dissemination of research
results. Scientific indicators twice exceed those required for PF 5.3.

8.  Use of the results of the dissertation in scientific and social practice. Existence of
achieved direct economic effect, etc. Documents on which the statement is based.

The results of the thesis highlight the transformative potential of the proposed MPC strategies
in greenhouse crop production. The economic benefits and efficiency gains warrant
recommending the implementation of this new technology, especially given the prevailing
reliance on natural ventilation and manual humidification in current greenhouse management
systems. The proposed MPC strategies provide a reliable alternative by automating the
management process and reducing the risks associated with manual interventions. MPC
strategies may find application in many industries.

9. Assessment of the compliance of the Autoreferat with the requirements for its
preparation, as well as the adequacy of reflecting the main points and contributions
of the dissertation.

The Autoreferat presented by the doctoral student is 30 pages long and adequately reflects
the purpose of the dissertation, the tasks to be solved and the results achieved, as well as the
contributions of the doctoral student. The format of the auto-refereal meets the requirements and
recommendations of TU - Sofia.

10. Notes, opinions and recommendations

I have no particular objections to the dissertation work. It is carefully and painstakingly
designed with a high level of presentation of scientific research and evidence of good knowledge
of the subject area.

11. Conclusion with a clear positive or negative assessment of the dissertation.

My final assessment of the content and contributions of the M.Sc. Eng. llker Altanov
Yahov is positive. The dissertation meets the requirements of the Law on the Development of the
Academic Staff of the Republic of Bulgaria, the Regulations for its Application and the
Regulations for the Conditions and Procedures for Acquiring Scientific Degrees at the Technical
University - Sofia.

The above gives me reason to recommend to the Honorable Scientific Jury to award M.Sc.
Eng. llker Altanov Yahov the educational and scientific degree "Doctor" in Professional Field 5.3
"Communication and computer engineering" and scientific specialty "Automated systems for
information processing and management".

17.04.2024 Reviewer:

Sofia /Prof. Dr. Eng. Atanas Atanassov/




